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1.4 CHEMISTRY AND ITS SCOPE 


Chemistry is a branch of physical science which deals with the 
study of matter, its physical and chemical.properties, its chemical 
composition, the physical and chemical changes which it 
undergoes and the energy changes that accompany these 
processes. 

All objects in this universe are composed of matter. Most of 
these objects are visible (solids and liquids) but some are 
invisible. Chemistry is termed as a material science because it is 
concerned with all material substances such as air, water, rocks, 
minerals, plants, animals including man, the earth on which we 
all live, and other planets. According to one of the famous 
scientists of twentieth century, Linus Pauling, Chemistry is the 
science of substances, their properties, their structure and their 
transformations. 

Chemistry is a very interesting subject which touches almost 
every aspect of our lives, our culture and our environment. It has 
changed our civilization to a great extent. The present day 
chemistry,has provided man with more comforts for a healthier 
and happier life. A large number of materials which we use these 
days were unknown at the tum of the century. A few decades 
back, our clothes and footwears were exclusively of natural 
origin such as vegetable fibres, wool, hair, skin of animals, etc., 
but, now the synthetic fibres produced in chemical factories have 
largely replaced them, Modern chemistry has given man new 
plastics, fuels, metal alloys, fertilizers, building materials, drugs, 
energy sources, etc. . 

During the last few decades, the expansion of chemistry has 
been tremendous. The field has become wide and complex. For 
convenience and better understanding of the subject, it has been 
divided into various branches. The four main branches of 
chemistry are: 

(1) Organic chemistry; (2) Inorganic chemistry; 

(3) Physical chemistry; (4) Analytical chemistry. 

(1) Organic chemistry: It is concerned with the study of 
compounds of carbon except carbonates, bicarbonates, cyanides, 
isocyanides, carbides and oxides of carbon. It is actually the 
study of hydrocarbons and their derivatives. 
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' (2) Inorganic chemistry: It deals with the study of all 
known elements and their compounds except organic 
compounds. It is concerned with the materials obtained from 
minerals, air, sea and soil, : 

(3) Physical chemistry: It is concerned with the physical 
properties and constitution of matter, the laws of chemical 
combination and theories governing reactions. The effect of 
temperature, pressure, light, concentration, etc., on reactions 
come under the scope of physical chemistry. 

(4) Analytical chemistry: It deals with various methods of 
analysis of chemical substances both qualitative and quantitative. 
It includes chemical and physical methods of analysis. 

A number of specialised branches have been introduced as to 
cope with the extraordinary expansion in the subject of 
chemistry. Some of the specialised branches are: 

(i) Biochemistry: It comprises the studies of the substances 
related to living organisms and life processes. 

(ii) Medicinal chemistry: It deals with the application of 
chemical substances for the prevention and cure of various 
diseases in living beings. 

(iii) Soil and agricuiture chemistry: It deals with the! 
analysis and treatment of soils so as to increase its fertility for the 
better yields of crops. It is concerned with the chemicals used as 
fertilizers, insecticides, germicides, herbicides, etc. 

(iv) Geochemistry; It includes the study of natural 
substances like ores and minerals, coal, petroleum, etc. 

(v) Industrial chemistry: It deals -with the study of 
chemical processes for the production of useful chemicals on a 
large scale at relatively low costs. 

(vi) Nuclear chemistry: It is the most recent branch. It 
includes the study of nuclear reactions, the production of 
radioactive isotopes and their applications in various fields. 

(vii) Structural chemistry: It deals with various 
techniques used for elucidation of the structure of cheinical 
substances. It is concerned with the properties of substances in 
terms of their structure. 

(viii) Polymer chemistry: It includes the study of chemical 
substances of very high molecular masses of the order of 100,000 
or greater, called polymers—natural or artificial. This branch is 
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gaining popularity as the use of plastics, rubber, synthetic fibres, 
silicones, etc., is on the increase these days. 

(ix) Limnochemistry: It deals with the study of chemistry 
involved in the river water or water reservoirs. 


(x) Phytochemistry: It includes the study of chemistry. of plants. 


Thus, it can-be said that there is. no other’ branch of ' science, : 


' which is so wide. i in its scope as chemistry: 


42 BRIEF HISTORY OF CHEMISTRY 


- Itis difficult to specify the ‘date when science of chemistry came 
into existence; however, its ‘growth must have gone side by side 
with the growth of civilization. Broadly, the history of chemistry 
can be studied under five periods of its development. 

(i) Ancient period up to 350 A.D.: In ancient times, many 
chemical operations such as souring of milk, conversion of sweet 
juices into-wines, the conversion of wines into vinegar, etc., were 
known. Around. 3000.B.C., techniques of making glass, pottery, 
pigments, dyes, perfumes. and extraction of metals’ especially 
gold* and silver were known in China, India, Egypt and Greece. 
The beginning of chemistry as a science could probably be set 
about 400 B.C., when the theory was proposed that everything is 

_composed of four elements: earth, air, fire and water. The first 

" book of chemistry was written in Egypt around 300 A.D. The 

‘term chemistry meant the Egyptian art. 

(ii) The alchemical period (350-1500): During this 
period, scientists called alchemists tried to discover two things: 
an elixir of life which could make man eternally young and a 
philospher’s stone which could transmute base metals like zinc, 
copper, iron, etc., into gold. The alchemists failed in their efforts 
because no philospher’s stone and elixir of life actually existed 
but we are indebted to them for designing new types of ‘apparatus 
and for discovering new chemical operations such as distillation, 
sublimation, extraction of gold by amalgamation process and 
preparation of caustic alkalies from ashes of plants. 

(iii) flatro chemistry period (1500— 1650): During this 
era, chemists paid their attention towards medico-chemical 
problems. They believed that the primary object of chemistry was 
to prepare medicines and not to make gold from base metals. 
During this period, the study of gases was begun and quantitative 
experiments were undertaken for the first time. Robert Boyle 


(1627-1691) found that when a metal is heated in air, the mass. 


increases. He also established the relationship between volume 
and pressure of a gas. In 1661, Boyle wrote the book ‘The 
Skeptical Chymist’ in which he criticised the basic ideas of 
alchemy. 

(iv) The phlogiston period (1650-1774): The phlogiston 
theory was proposed by Ernst Stahl (1660-1734). Phlogiston 
was described as a substance in a combustible material which is 


given off when the material burns. This theory persisted for about - 


100 years and was a centre of much controversy. During the end 
of the eighteenth century, much work was done with gases, 


especially by Joseph Black, Henry Cavendish, Josepth 


Priestley and Carl Scheele. Priestley was a very conservative 
scientist. Even after his discovery of oxygen, he still believed in 
phlogiston theory. 

(v) Modern period: Lavoisier (1743-1793), a French 
chemist, is regarded as the father of modern chemistry. He 


presented the exact explanation of combustion by proposing that 
oxygen is necessary for combustion. This concept was largely 


responsible for the overthrow of the phlogiston theory. Among 
his other contributions, he showed that: water is composed of 
hydrogen and oxygen, proposed the theory of indestructibility of 
matter, presented a clear definition of an element and proposed a 
system of chemical nomenclature. 

. Another major step towards modern chemistry was taken in 
the first decade of the nineteenth century when the English 
chemist, John Dalton, postulated that all elements are made up 
of atoms. He pictured atoms as tiny, indestructible units that 
could combine to form compound atoms or molecules. Dalton 
proposed that each element has its own kind of atoms and the 
atoms of different elements differ in essentially nothing but their 
masses. He determined the relative masses of atoms of many 
elements. Thus, a new era had begun, The other important 
chemists of this period are: 

(a) Richter—Law of Reciprocal Proportions (1794) 
(b) Proust—Law of Definite Proportions (1799) 
(¢) Gay-Lussac—Law of Combining Volumes of Gases 
(1808) 
(d) Avogadro—Avogadro Hypothesis (1811) 
(e) Berzelius—Introduced the Modern Symbols for 
Elements (1813) 
(f) Faraday—Laws of Electrolysis (1833) 
(g) Thomas Graham—Law of Gaseous Diffusion (1 861) 
(h) Mendeleey—Periodic Law and Periodic Table (1869) 
(i) Arrhenius—Theory: of Ionization (1887) 
(j) Henry Becquerel—Discovery of Radioactivity (1896) 
(k). Madam Curie—Discovered Radium and Polonium 
(1898) 
The twentieth century is regarded as an active era of 
chemistry. During this period, chemistry has made many 


’ contributions to human knowledge and civilization. Now, we live 


in a world of synthetic materials. Chemistry of today is actually 
helping in solving major problems of our present day civilization 
such as population explosion, food and diseases, depletion of 
sources of energy, depletion of natural sources and environmental 
pollution. . 


1.3. MATTER AND ENERGY 


Besides life, matter and. energy are regatded the two fundamental 
entities with which whole of the universe is composed of. Matter 
is anything that has mass and occupies space. All bodies in the 
universe conform to this definition. Mass is the quantity of matter 
in a particular sample of matter. Mass of a body is constant and 
does not change sremuless of where it is measured. The mass of a 


*Gold was probably the first metal to be used ae it ined as a free metal in the earth. ! 


‘+Jatro is a Greek word meaning a physician. 
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body would be the same on the moon as it is on the earth. Our 
senses of sight and touch usually tell us that an object occupies 
space except in the case of colourless, odourless and tasteless 
gases where some other evidence is required to satisfy the 
definition of matter. , 

The term weight should not be used in place of mass as it has a 
different meaning. The term weight refers to the force with which 
an object is attracted towards earth. An object resting on earth 
experiences a force called its weight, W’, that is equal to its mass 
m, multiplied by the acceleration due to gravity g, that is, 

W=mg 

The weight of an object thus depends on the value of ‘ g’ which 
varies from place to place. However, the mass of an object is 
determined by comparing the weights of two objects, one of 
known mass, the other of unknown mass in the same location on 
earth as both experience the same gravitational acceleration. 

Matter is indestructible, ié, it-can-neither be created, nor 
destroyed; but it can change its form; thus, the total quantity of 
matter of the universe is constant. 

Energy is defined as the capacity of doing work. 
Anything which has the capacity to push the matter from one place 
to another possesses energy. There are various forms of energy 
such as heat, light, etc. Energy is-neither created, nor destroyed, but 
can only be transformed from one form of energy to another. 

The world became aware of the fact that matter can be 
converted into energy with the discovery of nuclear reactions, 
especially nuclear fission and nuclear fusion. The relationship 
between mass and energy was given by Einstein. The. famous 
relation is: ee 


. & 
E=me?* 
where, E = energy, m= mass andc= velocity of light. 
On account of this equation, the above two laws are 
amalgamated into a single statement: 


“The total amount of matter and energy available in the 


‘ universe is fixed.” 
_- Example 1. Calculate the amount of energy released in 
ergs, calories and in joules when 0.001 kg of mass disappears. 
[Given, Velocity of light = 310° ms™'] 
Solution: According to Einstein equation, F = mc 
m= 0.001 kg =1x 107? kg; c=3x 108 ms! 
=(1x 107 )3x 108? =9x 10% J 
1J=10" erg =0.24 cal 
9x 103 J=9x 10" x 10 erg =9x 10" x 0.24 cal 
=9x 10” erg =2.16x 10"? cal 


2 


Classification of Matter : 

(i) Physical classification: _ Matter can exist in any one of 
three forms, (a) solid, (b) liquid and (c) gas. 

In the solid state, substances are rigid. They have a definite 
shape and fixed volume. There is negligible effect of changes in 
pressure and temperature on their volumes. The individual 
particles that make up a solid occupy definite positions in the 


structure and are very near to one another. This form of matter is 
associated with minimum amount of energy. 

In liquid state, substances have no definite shape but possess a 
fixed volume. There is slight effect of pressure and temperature 
on their volumes. They have the property of flowing. The 
particles are nearer to one another than in a gas and this form of 
matter is associated with energy more than solids. 

In a gaseous state, substances have no definite shape and 
volume. Gases fill completely any vessel in which they are 
confined and thus occupy the whole space available to them. 
There is a large effect of pressure and temperature on their 
volumes. The particles are far apart from one another and move 
with very high speeds in all possible directions. This form of 
matter is associated with maximum amount of energy. . 


Sublimation 
Solidification 
Solid Liquid ~ Gas 
Freezing Condensation 
. + energy + energy 


Solid —— biquid a Gas 
~ energy Small 


Munition “ energy 
anamnestic 
Releasé of energy 


Depending on temperature and pressure, a substance can exist 
in any one of the three forms of matter. 

(ii) Chemical classification: Matter exists in nature in the 
form of chemical substances. A pure substance is defined as a 
variety of matter, all samples of which have same composition 
and properties. Pure substances are divided into elements and. 
compounds. Most of the materials found in nature are in the form 
of mixtures consisting of two or more substances. There are two 
types of mixtures—Homogeneous and Heterogeneous. Both 
types of mixtures can be separated into their components (pure | 
substances) by mechanical and physical methods. The 
classification can be summarized in the following way: 


; Matter 


| 


Chemical classification 


| _ Physical | 


Mixtures 


Physical classification 


Solids Liquids Gases ee ae 
methods substance’ 
Homogeneous Heterogeneous 
Compounds siaaaaee . Elements 
methods : 
Inorganic Organic 
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Properties of Matter: Properties are. the characteristic 
qualities with the help of which different kinds of matter can be 
commonly recognised. In chemistry, substances are distinguished 
by two types of properties, viz (i) Chemical properties and (ii) 
Physical properties. 

The chemical properties of substances are those in which they 
undergo change in composition either alone or by interactions with 
other substances, i.e., to form new substances having different 
compositions from the substances which undergo change. 

The properties of substances which are observed in absence of 
any change in composition under specific physical state are 
termed physical properties. Colour, density, melting point, 
boiling point, hardness, refractive index, thermal conductivity, 
electrical conductivity, malleability, ductility, etc., are some 
examples of the physical properties. The properties of matter can 
be further classified into two: (i) Intensive properties and (ii) 
Extensive properties. The intensive properties are those which 
do not depend upon the quantity of matter,.e. g., colour, density, 
melting point, boiling point, refractive index, etc. These 
properties are same irrespective of the quantity of the substance. 
Chemical properties are also intensive properties. The extensive 
properties of matter depend on the quantity of matter. Volume, 
mass, weight, energy, etc., are the extensive properties. 


1.4. ELEMENTS AND COMPOUNDS 


Elements are pure substances that cannot be decomposed into 
simpler substances by chemical changes. The smallest particles 
of an element possess the same properties as the bigger particles. 
An element can also be defined as a pure substance which 
consists of only one type of atoms. Due to discovery of isotopes, 
this definition does not seem to be correct. The modern definition 
of an element is that it is a simple individual which has a definite 
atomic number (see atomic structure) and has a definite position in 
the periodic table. It cannot be decomposed in a chemical change. 
In chemistry, the elements are the chemical alphabet and 
compounds are the words, i. e., combinations of elements. 

There are presently 117 different elements known. Every 
element has been given a definite name and for convenience a 
nick name which in chemical language is called a symbol. 
Symbol is a small abbreviation to represent a full and lengthy 
name of the element. Symbols have been derived: 

(i) either by taking the first letter of the name of the element 
which is capitalized: 


F— Fluorine 


O—Oxygen N-—Nitrogen 
C—Carbon H-——Hydrogen U— Uranium 
P-—-Phosphorus S—Sulphur I— Iodine 


(i) or by taking the first letter and one more letter from the 
name of the element. The first letter is always capitalized. 


Ca—Calcium Ni—Nickel Al—Aluminium 
Meg---Magnesium § Co—Cobalt Bi—Bismuth 
Cl—-Chlorine Br—Bromine -Ba—Barium 


(iii) or from names of the elements in other languages such as 
Latin, German, etc. 


Na-—Sodium (Latin name Natrium) 
Cu—Copper (Latin name Cuprum) 
Fe—Iron (Latin name Ferrum) 
Ag-—Silver (Latin name Argentum) 
‘Pb—Lead (Latin name Plumbum) 
Au-—Gold (Latin name Aurum) 
K—Potassium (Latin name Kalium) 
Hg—Mercury (Latin name Hydragyrum) 
W—Tungsten (German name Wolfram) 


Out of 117 elements known, 88 have been isolated from 
natural sources and the remaining have been prepared by 
artificial means. The man made elements are: 


S.No. Name Symbol | S.No. Name Symbol 
1. Neptunium Np | 16. Hassium or Hs or 
Unniloctium Uno 
2.” Plutonium Pu | 17. Meitnerium or Mt or 
Unnilennium Une 
3. Americium Am | 18. Ununnilium Uun 
4. Curium © Cm | 19. Unununium Uun 
5. Berkelium Bk | 20. Ununbium Uub 
6. Californium Cf | 21.) Ununtrium Uut 
7. Einsteinium Es | 22. Ununquadium Uugq 
8. Fermium Fm | 23. Ununpentium Uup 
9. Mendelevium Md | 24. Ununhexium Uuh 
10. Nobelium No | 25. Ununoctium Uuo 
Wi. Lawrencium Lr | 26. Technetium Te 
12. Kurchatovium Ku | 27. Promethium Pm 
13. Hahnium Ha | 28. Astatine At 
14. Seaborgiumor Sgor | 29. Francium Fr 
Unnilhexium Unh 
15. Nielsbohrium or Bh or 
Unnilseptium Uns 


The elements from S. No. | to 25 are called transuranic 
elements. The credit for the discovery of most of the transuranic 
elements goes to the scientist G.T. Seaborg. The first artificially 


produced element was technetium. It was synthesised in 1937 by 
scientists at the University of California at Berkley. 

Most of the earth’s crust is made up of a small number of 
elements. Only ten of the naturally occurring elements make up 
99% mass of the earth’s crust, oceans and atmosphere. The 
following table shows the abundance of highly abundant 
elements in nature: 


Note : Among the naturally occurring elements, {H is lightest and *33U is the heaviest atom. 
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Abundance of Elements (Earth’s Crust, Oceans and 
Atmosphere) 


Oxygen 49.5% Chlorine 0.19% 
Silicon 25.7% Phosphorus 0.12% 
Aluminium 7.5% Manganese 0.09% 
Tron 4.7% Carbon 0.08% 
Calcium 3.4% | &  Sulpur 0.06% | 
Sodium 2.6% {Barium 0.04% | > 
Potassium 2.4% Chromium 0.033% 
Magnesium 1.9% Nitrogen 0.030% 
Hydrogen 0.87% Fluorine 0.027% 
Titanium 0.58% Zirconium 0.023% 


If the entire universe is considered, then 90% of matter is 
hydrogen. Helium is the second most abundant element 
amounting to 9% and the remaining elements make up only 1% 
of the universe with oxygen, neon, carbon and nitrogen next in 
order of decreasing abundance. 

The commercial use of an element depends not only upon its 
abundance but also upon its accessibility. Some of the common 
elements such as copper, zinc, tin and lead are not abundant but 
are found in nature in rich deposits from which these can be 
easily extracted. On the other hand, the elements such as titanium 
and zirconium which are found in abundance in nature are not 
widely used because their ores are not rich and their extraction is 
difficult and expensive. 


Metals, Non-metals and Metalloids 


All the elements may be classified into two groups, metals 
and non-metals. The division is based on both physical and 
chemical properties. 

Metals are regarded as those elements which possess the 
following properties: 

(i) They are generally solids at ordinary conditions. Morey 
is an exception which is in liquid state. 

(ii) They are lustrous in nature. 

(iti) They possess high density. 

(iv) They are good conductors of electricity and heat. 

(v) They are malleable and ductile. 

(vi) They possess generally high melting and boiling points. 

(vii) They react with mineral acids liberating hydrogen. | 
(viii) They form basic oxides. 

(ix) They form non-volatile hydrides if combine with 

hydrogen. 

(x) They have molecules usually mono-atomic in the vapour 

State. 

Sodium, calcium, aluminium, copper, silver, zinc, iron, nickel, 
gold, mercury, etc., are the examples of metals. 

The non-metals do not show the above properties. Six of the 
non-metals, carbon, boron, phosphorus, sulphur, selenium and 
iodine, are solids. Bromine is the only liquid non-metal at room 
temperature and normal pressure. The remaining non-metals; 
nitrogen, oxygen, fluorine, chlorine, hydrogen, helium, argon, 
neon, krypton, xenon and radon are gases. Non-metals are 


generally (i) brittle, (ii) non-lustrous, (iii) having low melting 


‘and boiling points, (iv) non-conductors of heat, (v) capable of 


forming acidic oxides or neutral oxides, (vi) not capable of 
evolving hydrogen from acids, and (vii) capable of forming 
volatile hydrides. 

There are some elements which do not fit completely into 
either the metal or non-metal class. Elements which have some 
properties of both metals and non-metals are called semi-metals 
or metalloids. The semi-metals are silicon, germanium, arsenic, 
antimony and tellurium. 

The above classification of elements is a ‘rough « one as certain 
metals. like lithium, sodium, potassium possess low density; 
certain non-metals like hydrogen and graphite (a form of carbon) 
are good conductors of electricity. Metals rarely combine with 
one another while non-metals combine with one another to form 
compounds. Metals and non-metals commonly combine with 
each other to form compounds. 


Compounds 


Compounds are also pure substances that are composed of 
two or more different elements in a fixed proportion by mass. 
Compounds containing more than four elements are rare. The 
properties of a compound are altogether different from the 
properties of the elements from which it has been constituted. 
The compound water has a definite composition, i.e., 11.2% 
hydrogen and 88.8% oxygen, Thus, the two are present in the 
ratio of | : 8 by mass. The properties of water are totally different 
from the properties of hydrogen and oxygen both. Hydrogen and 
oxygen are in gaseous state while water is in liquid state under 
ordinary atmospheric conditions. Oxygen supports combustion 
while hydrogen is combustible but water is normally used for 
extinguishing fire. Component elements in compounds can be 
separated only by chemical means and not by physical methods. 

Compounds are classified into two types: 

(i) Organic compounds: The corhpounds obtained from 
living sources are termed organic compounds. The term organic 
is now applied to hydrocarbons (compounds of carbon and 
hydrogen) and their derivatives. : 

(ii) Inorganic compounds: ; The compounds obtained from 
non-living sources such a§ rocks and minerals are termed 
inorganic compounds. The compounds of all elements except 
hydrocarbons and their derivatives are included in this category. 
The number of organic compounds is very large in comparison to 
inorganic compounds. 

Some Specific Properties of Substances: 
properties of substances are given below: 

(i) Deliquescence: The property of certain compounds of 
taking up the moisture present in atmosphere and becoming wet 
when exposed, is known as deliquescence. These compounds are” 
known as deliquescent. Sodium hydroxide, potassium hydroxide, 
anhydrous calcium chloride, anhydrous magnesium chloride, 
anhydrous ferric chloride, etc., are the examples of deliquescent 
compounds. Sodium chloride is not; deliquescent but when 
common salt is placed in srnophee! it becomes wet due to 
presence of an impurity of magnesium chloride. 

(ii) Hygroscopicity: Certain compounds combine with the 
moisture of atmosphere and are converted into hydroxides or 


Some specific 


hydrates. Such substances are called hygroscopic. Anhydrous 


copper sulphate, quick lime (CaO), anhydrous sodium carbonate, 


etc., are of hygroscopic nature. 


(iii). Efflorescence: The property of some crystalline 
substances of losing their water of crystallisation on exposure 


_ and becoming powdery on the surface is called efflorescence. 


Such salts are known as efflorescent. The examples are: 
Ferrous sulphate (FeSO,-7H,O), . sodium carbonate 


(Na,CO,-10H,O), sodium sulphate (Na,SO,-10H,0O), posh. 


alum [K ,SO,-Al, (SO, )3:24H,0], ete? 
(iv) Malleability: This property is shown by metals. When 


, the solid is beaten and does not break but is converted into a thin 
_ sheet, it is said to possess the property of malleability. Copper, 


NN 


gold, silver, aluminium, lead, etc., can be easily hammered into 
sheets. Gold is the most malleable metal. 

(v) Ductility: The property of a metal to be drawn into 
wires is termed ductility. Copper, silver, gold, aluminium, iron, 
et¢., aré ductile in nature. Platinum is the most ductile metal. 

(vi) Elasticity: When the stress is small,- 
completely regains its original shape, size or volume after the 
deforming force is removed. The solid is then said to be elastic. 
Steel, glass, ivory, etc., are elastic bodies. 

(vii) Plasticity: When stress is increased on a metal, a limit 
is reached beyond which, if the stress is removed, the solid does 
not come back to its original shape or size. It acquires a permanent 
deformation. Such materials can be given any shape without any 
difficulty. 

(viii) Brittleness: 
small pieces on hammering are called brittle. The solids of 
non-metals are generally brittle in nature. 

(ix) Hardness: A material is said to be harder than the other 
if it can scratch it. The hardness is measured on Mho’s scale. For 
this purposé, ten minerals have been selected which have been 
assigned hardness from | to 10. 


Hardness Mineral ' Hardness Mineral 
1 - Tale . 6 . Orthoclase — 
2 Gypsum a Quartz 
3 Calcite OS ot SRE Topaz 
4 Fluorite 9 Corundum 
5 . Apatite + 10 Diamond 


On Mho’s scale, hardness of diamond is maximum and that of 
talc is minimum. If a material can scratch topaz but cannot 
scratch corundum it possesses hardness equal to 8.-° ~ 


15° MIXTURES 


A mixture is a material containing two or more substances either 


elements or compounds or both in any proportion. Substances. 


which form a mixture are called components. Components are 
present in the, mixture without loss of their identity. There are two 


types of mixtures—homogeneous. and heterogeneous. In a 


homogeneous mixture, the components are mixed uniformly to 


the . solid: : 


The solid materials which break into 
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microscopic level. The. components. cannot. be seen. by naked eye 
or with the help of a microscope. The mixture is. uniform; 
throughout having a single phase*. The homogeneous mixture is 
isotropic in nature, i.e., every portion of it has the same 
composition and properties. ~ 

Alloys such as brass, steel, 22-carat gold; solutions such as 
common salt dissolved in water, sugar dissolved in water, iodine 
dissolved in carbon tetrachloride, benzene in toluene, methyl 
alcohol in water; gasoline (a mixture of hydrocarbons), air, etc., 
are some of the examples of homogeneous mixtures. 

A heterogeneous mixture is not uniform. It can have two or 
more phases. The components can be seen by naked eye or with 
the help of a microscope. It has anisotropic properties, ie., 
properties are not uniform throughout the mixture. Soil, a 
mixture of sulphur and sand, a mixture of iron filings and sand, 
smoke, etc., are the examples of heterogeneous mixtures. 

_ The components of a mixture differ in many of their physical 
and chemical properties. The advantage of this difference is taken 
in the separation of a mixture. The method of separation 
employed should not bring about the destruction of any one of the 
components. Some preliminary techniques based on physical 
properties are described here in brief. 

(i) Filtration: This method is useful when one of the 
components is an insoluble solid in a solvent. The insoluble solid 
is obtained by filtration of the suspension through filter-paper. 
For example, common salt containing sand is separated by 
filtration. The mixture is mixed with water. It is shaken so as to 
dissolve common salt. The sand remains insoluble. The 
suspension is put to filtration...The sand. collects, on. the... 
filter-paper. It is taken in a basin and dried by heating. The filtrate 
is taken in evaporating dish and heated till whole of the water is 
evaporated. Solid common salt is thus obtained in the dish. 

Sugar containing charcoal, potassium nitrate containing saw 
dust or mixtures having insoluble components can be separated 
by filtration. 

(ii) Sublimation: — |t is a process in which a solid*substance is 
directly converted into its vapours by application of heat and vapour is 
reconvetted into solid by subsequent cooling. The method is used 
when one of the components undergoes sublimation and other 
components are not decomposed by heating. For example, naphtha- 
lene can be separated from common salt by sublimation. Similarly, a 
mixture of ammonium chloride and potassium chloride can be 
separated by sublimation as ammonium chloride sublimes on heating. 

(iii) Distillation: It is a process of converting a liquid into 
its vapour by heating and then condensing the vapours again into 
the same liquid by cooling. Thus, distillation involves 
vaporisation and condensation both. 

Distillation = Vaporisation + Condensation 

This method is employed to separate liquids which have 
different boiling points or a liquid from non-volatile solid or . 
solids either in solution or suspension. The mixture of copper 
sulphate and water or mixture of water (b.p. 100°C) and methyl 
alcohol (b.p. 45°C) can be separated by this method. . 


* Phase is defined as part ofa system which has uniform properties and composition. A solution or mixture of sugar and water is a one phase system. 


Evay drop of the solution has same properties and same composition. 
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If one of the components ofa 


(iv) Magnetic separation: 
. mixture has magnetic properties, it can be separated by using a 
magnet. Iron is separated from a mixture of iron filings and 
sulphur by moving a magnet through the mixture. 


(v) Solvent extraction: This method is based on the 
preferential solubility of one of the components of the mixture in 
a particular solvent (usually a low-boiling organic solvent) which 
forms a distinctly separate layer with the other liquid if present in 


the mixture. For example, iodine present in water can be. 


recovered with the help of ether or carbon disulphide. For this 
method, a separating funnel is utilized. The aqueous solution of 
iodine is taken in separating funnel to which ether is added. The 
funnel is shaken. Two layers are formed. The upper layer which 
is dark brown consists of ether and iodine and the colourless 
lower layer consists of only water. The lower layer is taken out. 
The coloured layer is then poured out and ether is removed 
cautiously by distillation when iodine is left behind. 


Two immiscible liquids such as water and oil can also be - - 


separated by the use of'a separating funnel. 


Example 2. How will you separate the following mixtures? 
’ | (a) Sulphur, potassium nitrate and charcoal, 
(b) Sand, common salt, iron filings and naphthalene, 


(c) Powdered glass, ammonium chloride and potassium 
chloride. 


Solution: 
(a) (i) Sulphur is soluble in carbon disulphide, 
Gi) Potassium nitrate is soluble in water, 


(iii) Charcoal is insoluble in carbon disulphide as 
well as in water. 


Mixture 
| Stirred with CS, and filtered 


oin, of Residue 


Shaken with water and 
filtered 


Filtrate (soin. of sulphur is CS,) 


. [Prorat 


Sulphur 

Filtrate Residue 
Evaporated to . Dried . 
dryness 


Potassium nitrate Charcoal 


(b) ) Iron filings are separated by. a magnet, 
(ii) Naphthalene sublimes on heating, 
(iii) Sand is insoluble in water. 


| ee 


Mixture 
A magnet is moved in the mixture 


Iron filings attracted © 
by magnet 


Residue 


Vapours . Residue 


(Common salt + sand) 
|cooiea : d 


Naphthalene Shaken with 


_| water and filtered 


Filtrate 


Evaporated 
to dryness 


Common salt §=——~™S—~*«SS tnd 


(c) (i) Ammonium chloride sublimes on heating, 
(ii) Potassium chloride is soluble in water, 
(ii), Powdered glass is insoluble in water. 


1.6. ALLOYS 


When two or more elements are melted together and resulting 
liquid is allowed to solidify, the product so obtained’is called an 
alloy if it possesses metallic properties. An alloy may consist of a 
mixture of a metal with another metal, a metal with a non-metal ° 
or a metal with both metal and non-metal. 

Alloys are prepared because they have properties more 
suitable for certain applications than do the simiple metals. Alloys 
are used because they are harder and stronger, have desirable 
casting properties, special physical properties such as magnetic 
properties and resistance to corrosion in certain environments. - 
Melting point of an alloy is normally lower than the melting point - 
of either of the pure components. Thermal and electrical deg 
sare vities are normally reduced in alloys. ‘ ae 

Iloy containing one component mercury is - called 
foe Most of the metals form amalgams. Iron, platinum, 
tungsten, etc., are few metals which do not form amalgams. 

Alloys are mainly classified into two distinct types, namely 
ferrous ‘and non-ferrous. Ferrous alloys always contain iron, 
carbon and one or two of the other elements such as manganese, 
nickel, chromium, copper, vanadium, molybdenum, tungsten, 
etc. When the percentage of carbon in the alloy is below 0.1, the 
alloy is termed the iron alloy and if it is above 0.1, the alloys are 
called steels. When iron is not present in the alloy, it is termed a 
non-ferrous alloy. Some of the important alloys have been listed 
below: : 


“Compesition Main: uses 
Me ‘Brass - Cu60-80%,  —>-Utensils, condenser tubes, 
- Zn 20-40% electrical goods, cartridge 
shell 
2. Bronze Cu 75-90%, 


Coins, statues, utensils. 
Sn 10-25% : 
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3. German Cu 56%, Zn 24%, Utensils, resistance coils 
silver Ni 20% 
4. Gun metal Cu 87%, Machine parts, guns 
Sn 10%, Zn 3% 
5. Rolled gold Cu 95%, Al 5% Artificial jewellery 
6. Magnalium Al 94%, Mg 6% Balance beams, light 
instruments 
7. Electron Mg 95%, Zn 5% Construction of aircraft 
8. Duralumin Al 95%, Cu 4%, Making aeroplanes 
Mn 0.5%, Mg 0.5% 
9. Type metal Pb 82%, Sb 15%, Making printing types 
Sn 3% 
10. Solder Pb 50-70%, Soldering 
Sn 30-50% 
11. Britannia $n 93%, Tableware 
Sb 5%, Cu 2% 


12. Wood’s metal Bi 50%, Pb 25%, Electric fuses and other 
Sn 12.5%, Cd 12.5% safety devices 


13. Nichrome Ni 60%, Cr 15%, Electrical resistances 
Fe 25% 
14. Constantan Ni 40%, Cu 60% Electrical resistances 
-15. Monel metal Ni 70%, Cu 30% Chemical plants 
16. Invar ' Ni 35%, Steel 65% Surveying instruments, 


pendulums, chronometers 
17. Stainless Fe 89.4%, Cr 10%, Utensils, ornamental 
steel Mn 0.35%, C 0.25% _ pieces. 


1.7. PHYSICAL AND CHEMICAL CHANGES 


Matter undergoes two types of changes; physical and chemical]. A 
physical change is one in which a substance changes its physical 
state but keeps its chemical identity. In physical change, a new 
substance does not come into existence. Mass remains the same. 
Physical properties are altered. This is a temporary change. For 
example, water shows all of its chemical properties whether it is 
in the form of ice or water or steam. Ice melts to form water and 
water can be converted again into ice by placing it in a freezer. 
When 10 g of ice melts, 10 g of water is obtained. Melting, 

“ evaporation, condensation, freezing, sublimation, distillation, 
passing of electric current through metallic conductor, making of 
magnet from an iron piece, are some examples of physical 
changes. ; 

In a chemical change, a new substance or substances come 
into existence. The starting materials called reactants, are used up 
and new substances called products, are formed. The 
composition of the new substances is different from that of the 
starting materials. It is a permanent change as it is not easy to 
obtain the starting materials again from the products. 

Energy is always released or absorbed when chemical or 
physical changes occur. Energy is required to melt ice and energy 
is required to boil water. Conversely, the condensation of steam 
to form liquid water always liberates energy, as does the freezing 

‘of liquid water to form ice. Chemical changes either release 
energy (exothermic) or adsorb energy (endothermic). 

Chemical changes are of various types. The important ones 
are: 


(i) Combination: Two or more substances react to form one 
product. When a compound is obtained by the direct reaction 
between elements, it is termed direct union or synthesis. 


-2Mg+0,=2Mg0 ; SO,+H,O=H,S0, 


(ii) Decomposition: When a compound is broken down 
into two or more simple constituents, the change is called 
decomposition. Often heat is utilised for the decomposition. Such 
decomposition is termed thermal decomposition. 

2HgO = 2Hg+O,; 2KCIO, = 2KCI+ 30, 
CaCO, = CaO + CO,; 2NaHCO, = Na,CO, +H,0+CO, 

(iii) Substitution: When one element enters into a 
compound by the replacement of the other element, the change is 
termed substitution. 

2KI+ Cl, = 2KC1+1, ; Zn+2HCl=— ZnCl, +H, 

(iv) Addition: Something is added to a chemical substance 
without elimination. 

KI + I, = KI, 
C,H, + HBr = C,H;Br 


OH 
CH,CHO + HCN = CH, CHC 
CN 


(v) Internal rearrangement: When nothing is added or 
nothing is eliminated from a chemical substance but due to 
rearrangement of the various atoms present in a molecule, a new 
compound comes into existence. When ammonium cyanate is 
heated, a new substance urea is formed. 


NH,CNO = NH,CONH, 

The chemical change is termed isomerisation, when one 

isomer is converted into another. 
CH, 

CH; —-CH— CH, 
: 2-Methyl propane 

(vi) Polymerization: Two or more molecules of a. 
substance combine to form a giant molecule, 


CHy—-CH, ca; ca, 


n-Butane 


3C,H, = CeHe 

Acetylene Benzene 
nHCHO> = (HCHO), 
Formaldehyde. Para formaldehyde 


(vii) Double decomposition: An exchange of partners 
occurs between two compounds. 
os 


AB+CD = AD+CB 
—s 
i ee) 
BaCl, + Na,SO, = BaSO, + 2NaCl 
een | 


ican eae | 
KOH + HCl = KC1+H,O 
La 
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The reaction is also termed neutralisation, ie., a reaction 
between an acid and a base to form a salt and water molecule. 


FeCl, + 3HOH = Fe(OH); + 3HCI 
ed 


Water 


Reaction of above type is termed hydrolysis. 


1.8 LAWS OF CHEMICAL COMBINATION 


In order to understand the composition of various compounds, it 
is necessary to have a theory which accounts for both qualitative 
and quantitative observations during chemical changes. 
Observations of chemical reactions were most significant in the 
development of a satisfactory theory of the nature of matter. 
These observations of chemical reactions are summarised in 
certain statements known as laws of chemical combination. 

(i) Law of conservation of mass: The law was first stated 
by Lavoisier in 1774. It is also known as the law of 
indestructibility of matter. According to this law, in all chemical 
changes, the total mass of a system remains constant or in a 
chemical change, mass is neither created nor destroyed. This 
law was tested by Landolt. All chemical reactions follow this 
law. Thus, this law is the basis of all quantitative work in 
chemistry. 

Example: 1.70 g of silver nitrate dissolved in 100g of water 
is taken. 0.585 g of sodium chloride dissolved in 100g of water is 
added to it and chemical reaction occurs. 1.435 g of silver 
chloride and 0.85 g of sodium nitrate are formed. 

Solution: Total masses before chemical change 


= Mass of AgNO; + Mass of NaCl + Mass of water 
=1.70g + 0.585 + 200.0g 
= 202.285 g 


Total masses after the chemical reaction, 
= Mass of AgCl + Mass of NaNO, + Mass of water 
=1435¢ + 0.852 +200.0¢ 
= 202.2858 . 

Thus, in this chemical change, 


Total masses of reactants = Total masses of products 


This relationship holds good when reactants are completely 
converted into products. 

In case, the reacting materials are not completely consumed, 
the relationship will be 
Total masses of reactants = Total masses of products 


+ Masses of unreacted reactants 
(ii) Law of definite or constant proportions: This law 
was presented by Proust in 1799 and may be stated as follows: 
A chemical compound always contains the same element 
combined together in fixed proportion by mass, Le, a 
chemical compound has a fixed composition and it does not 
depend on the method of its preparation or the source from 
which it has been obtained. 


_ For example, carbon dioxide can be obtained by using any one 
of the following methods: 

(a) by heating calcium carbonate, 

(b) by heating sodium bicarbonate, 

(c) by burning carbon in oxygen, 

(d) by reacting calcium carbonate with hydrochloric acid. 

Whatever sample of carbon dioxide is taken, it is observed 
that carbon and oxygen are always combined in the ratio of 
12:32 o0r3:8. 

The converse of this law that when same elements combine in 
the same proportion, the same compound will be formed, is not 
always true. For example, carbon, hydrogen and oxygen when 
combine in the ratio of 12 : 3: 8 may form either ethyl alcohol 
(C,H;OH) or dimethyl ether (CH,OCH,) under different 
experimental conditions. 

(iii) Law of multiple proportions: This law was put 
forward by Dalton in 1808. According to this law, if two 
elements combine to form more than one compound, then the 
different masses of one element which combine with a fixed 
mass of the other element, bear a simple ratio to one another. 

«Hydrogen and oxygen combine to form two compounds H,O 
(water) and H,O, (hydrogen peroxide). 
In water, Hydrogen 2 parts Oxygen 16 parts 
In hydrogen peroxide, Hydrogen 2 parts Oxygen 32 parts 

The masses of oxygen which combine with same mass of 
hydrogen in these two compounds bear a simple ratio 1 : 2. 

Nitrogen forms five stable oxides. 


NO Nitrogen 28 parts Oxygen 16 parts 
N,0, Nitrogen 28 parts Oxygen 32 parts 
N,03 Nitrogen 28 parts Oxygen 48 parts 
N,0, Nitrogen 28 parts Oxygen 64 parts 
NO, Nitrogen 28 parts Oxygen 80 parts 


The masses of oxygen which combine with same mass of 
nitrogen in the five compounds bear a ratio 16 : 32 : 48 : 64 : 80 


- of 1:2:3:4:5. 


(iv) Law of reciprocal proportions: This law was given 
by Richter in 1794. The law states that when definite mass of an. 
element A combines with two other elements B and C to form 
two compounds and if B and C also combine to form a 
compound, their combining masses are in same proportion or 


bear a simple ratio to the masses of B and C which combine 


with a constant mass of A. 
H 
yet A) Ney 
Na (B) ~ CI (C) 
Nacl 


For example, hydrogen combines with sodium and chlorine to 
form compounds NaH and HC] respectively. 
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In NaH, 
In HCl, 


Sodium and chlorine also combine to form NaCl in which 23 
parts of sodium and 35.5 parts of chlorine are present. These are 
the same parts which combine with one part of hydrogen in NaH 
and HCI respectively. 


Sodium 23 parts 
Chlorine 35.5 parts 


Hydrogen one part 
Hydrogen one part 


S (B) 0 (C) 


$02 


Hydrogen combines with sulphur and oxygen. to form 


compounds H,S and H;0O respectively. 

In H,S, Hydrogen 2 parts Sulphur 32 parts 

In H,O, Hydrogen 2 parts Oxygen 16 parts 

Thus, according to this law, sulphur should combine with 
oxygen in the ratio of 32 : 16 or a simple multiple of it. Actually, 
both combine to form SO, in the ratio of 32 : 32 or 1:1. 

The law of reciprocal proportions is a special case of a more 


general law, the law of equivalent masses, which can be stated 
as under : 


“In all chemical reactions, substances always react in the . 


ratio of their equivalent masses.’ 

(v) Law of gaseous volumes: This law was enunciated by 
Gay-Lussac in 1808. According to this law, gases react with 
each other in the simple ratio of their volumes and if the product 
is also in gaseous state, the volume of the product also bears a 
simple ratio with the volumes of gaseous reactants when all 
volumes are measured under similar conditions of temperature 
and pressure. 


H, + Cl, = 2HCI ratio — 1:1:2 


1 vol i vol 2vol ' 

2H, + O, = 2H,0 ratio 22222 
2 vol 1 vol 2 vol 

2CO+ 0, =2CO, _tatio 2:1:2 

2 vol ‘vol 2val 5 ? 
N, + 3H, = 2NH; ratio be 32 

1 vol 3 vol 2 vol 


-322388Q@Some Sorven Exampres\ $833; : . 


Example 3. What mass of sodium chloride would be 
decomposed by 9.8 g of sulphuric agid, if 12 g of sodium 
bisulphate and 2.75 g of hydrogen chloride were produced in a 
reaction assuming that the law of conservation of mass-is true? 

Solution: NaCl + H,S0, = NaHSO, + HCl 
According to law of conservation of mass, 
Total masses of reactants == Total masses of products 
Let the mass of NaC] decomposed be x g, so 
x+ 9.8 = 12.04 2.75 
= 14.75 
x=4,95¢g 


Example 4. Jn an experiment, 2.4 g of iron oxide on 
reduction with hydrogen, yield 1.68 g of iron. In another 
experiment, 2.9 g of iron oxide give 2.03 g of iron on reduction 
with hydrogen. Show that the above data illustrate the law of 
constant proportions. , 


Solution: 

In the first experiment 

The mass of iron oxide = 2:4 g: 

The mass of,iron after reduction = 1.68 g 

The mass of oxygen = Mass of iron oxide — Mass of iron 

= (2.4 -1.68)=0.72g 

Ratio of oxygen and iron =0.72:1.68 = 1: 2.33 

In the second experiment 

The mass of iron oxide = 2.9 g 

The mass of iron after reduction = 2.03 g 

The miass of oxygen = (2.9- 2.03)=0.872 — - 

Ratio of oxygen and iron =0.87:2.03 = 1:2.33 

Thus, the data illustrate the law of constant proportions, as in 
both the experiments the ratio of oxygen and iron is the same. 
~~ Example 5. Carbon combines with hydrogen to form three 
compounds A, B and C. The percentages of hydrogen in A, B and 
C are 25, 14.3 and 7.7 respectively. Which law of chemical 
combination is illustrated? 


Solution: ; 
Compound %of Hydrogen ——_'% of Carbon 
A 25.0 (100 -25.0)= 75.0 
B 143 (100 — 14.3) = 85.7 
C 1.7 100 — 7.7) = 92.3 
In Compound A | 


25 parts of hydrogen combine with 75 parts of carbon 
1 part of hydrogen combines with 75/25 
= 3parts of carbon 
In Compound B 
14.3 parts of hydrogen combine with 85. T parts of carbon 
1 part of hydrogen combines with 85.7/14.3 
= 6.0parts of carbon 
In Compound C 


7.7 parts of hydrogen combine with 92.3 parts of carbon 
1 part of hydrogen combines with 92.3/7.7 
= 12.0 parts of carbon 
Thus, the masses of carbon in three compounds 4, B and C, 
which combine with a fixed mass of hydrogen are in the ratio of 
3:6:12 or 1:2:4. This is a simple ratio. Hence, the data 
illustrate the law of multiple proportions. 


-Example 6. Two compounds each containing only tin a 
oxygen had the following composition: 


Mass % of tin Mass % of oxygen 
Compound A 78.77 ~ 21.23 
- Compound B 88.120 11.88 


Shaw how this data illustrate the law of multiple proportions? 
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Solution: 
In Compound 4. 
21.23 parts of oxygen combine with 78.77 parts of tin 
1 part of oxygen combines with 78.77/21.23 
= 3.7 parts of tin 
In Compound B 
11.88 parts of oxygen combine with 8812 parts of tin — 
1 part of oxygen combines with 88.12/11.88 
= 74 parts of tin 


Thus, the mass of tin in compounds Aand B which 
combine with a fixed mass of oxygen are in the ratio of 3.7 : 7.4 
or 1 : 2. This is a simple ratio. Hence, the data illustrate the law of 
aoe proportions. 


‘Example 7. Illustrate the law of ean proportions 
pat the following data: KCl contains 52.0% potassium, KI 
contains 23.6% potassium and ICI contains 78.2% iodine. 


In KCl Potassium 52.0%, 
Chlorine (100 — 52) = 48% 
In KI: Potassium 23.6%; 
Todine (100 — 23.6) = 16.4% 


23.6 parts of potassium combine with 76.4 parts of iodine 
52.0 parts of potassium will combine with 


(76.4/23.6) x 52.0 = 168.3 parts of iodine. 


The ratio of masses of chlorine and iodine which combines 
with same mass of potassium = 48: 168.3 or 1:3.5 


" InICl: Iodine = 78.2% and chlorine 
= (100 — 78.2) = 21.8% 
The ratio of chlorine and iodine in IC] = 21.8: 78.2 =1:3.5. 
Hence, the data illustrate the law of reciprocal proportions. 


Example 8. Zine sulphate crystals contain 22.6% of zinc 
and 43.9% of water. Assuming the law of constant proportions to 


Solution: 


be true, how much zinc should be used to produce 13.7 g of zinc 


sulphate and now much water will they contain? 


Solution: 100 g of zinc sulphate crystals are obtained from 
= 22.6 zinc , 
1g of zinc sulphate crystals will be obtained from 
= 22.6/ 100g zinc 
13.7 of zinc sulphate crystals will be obtained from . 
_ 22. 22.6 % 13.7 


= 3.09622 of zinc . 
100g of zinc sulphate crystals contain water 


= 43.9¢ 
1g of zinc sulphate crystals contain water 
= 43.9/100g¢ 
13.7 g of zinc sulphate crystals shall contain water 
= 3° 13.72 6.01432 
100 


= 


Example 9. Carbon monoxide reacts with oxygen to form 
carbon dioxide according to the equation, 2CO + O, = 2CO3. 
In an experiment, 400 mL of carbon monoxide and 180 mL of 
oxygen were allowed to react, when 80% of carbon monoxide was 
transformed to carbon dioxide. 

All the volumes were measured under the same conditions of 
temperature and pressure. Find out the composition of the final 
mixture. 

Solution: 2CO + O, = 2C0, 
2 vol 1 vol 2 vol 

From the above equation, it is observed that volume of oxygen 
required for the transformation of carbon monoxide into carbon 
dioxide is half the volume of carbon monoxide and the volume of 
carbon dioxide produced is same as that of carbon monoxide. 


Volume of carbon monoxide transformed 
_ 80 x 400 
100 | 


Hence, volume of oxygen required for transformation 


= 5 x 320= 160ml 


= 320 mL 


Volume of carbon dioxide produced 
= 320mL — 
So, the composition of final mixture is 
Carbon monoxide = (400 — 320) 
= 80 mL 
Carbon dioxide = 320 mL : 
Oxygen =180— 160=20 mL 
_ Example 10. How much volume of oxygen will be required 
for complete combustion of 40 mL of acetylene (C,H, ) and how 


much volume of carbon dioxide will be formed? All volumes are 
measured at NTP. , 


Solution: 2C,H, + 50, = 4CO, +2H,0 
¢ 2 vol 5 vol 4 vol 
40m $40mL x 40 mb 
40 ml. 100 mL. 80 mL 


So, for complete combustion of 40 mL of acetylene, 100 mL 
of oxygen are required-and 80 mL of carbon dioxide is formed. 


1.9° DALTON’S ATOMIC THEORY 


The concept that matter is composed of very small particles was 
given by Indian and Greek philosophers. As early as 400 to 500 
B.C. the Greek philosopher Democritus suggested that matter 
cannot be forever divided into smaller and smaller parts. The 
ultimate particles were considered as indivisible. These particles 
were called atoms. The word atom has been derived from the 
Greek word ‘atomos’ meaning ‘indivisible’. These early ideas, 
however, were not based on experiments but were mere 
speculations. The existence of atoms was accepted by Boyle in 
his book ‘The Sceptical Chymist’ (1661) and by Newton in his 
books ‘ Principia’ and ‘Opticks’ (1704). The old ideas were put on 
a scientific scale by John Dalton in the years 1803 to 1808 in the 
form of a theory known as Dalton’s Atomic Theory which is a 


‘ 


12 G.R.B. PHYSICAL CHEMISTRY FOR COMPETITIONS 


landmark in the history of chemistry. The main points of Dalton’s 
atomic theory are: 
(i) Elements consist of minute, indivisible, indestructible 
particles called atoms. - 

(ii) Atoms of an element are identical to each other. They 
have the same mass and size. 

(iii) Atoms of different elements differ in properties and have 
different masses and sizes. 

(iv) Compounds are formed when atoms of different elements 
combine with each other in simple numerical ratios such 
as one-to-one, one-to-two, two-to-three and so on. 

(v) Atoms cannot be created, destroyed or transformed into 
atoms of other elements. 

(vi) The relative numbers and kind of atoms are always the 

- Same in a given compound. 


The theory convincingly explained the various laws 
of chemical combination, but the theory has undergone a 
complete shake up with the modern concept of structure of atom. 
However, the Daltonian atom still retains its significance as the 
unit participating in chemical reactions. The following are the 
modified views regarding Dalton’s atomic theory: 


(i) The atom is no longer supposed to be indivisible. The 
atom is not a simple particle but a complex one. 

(ii) Atoms of the element may not necessarily possess the 
same mass but possess the same atomic number and 
show similar chemical properties (Discovery of 
isotopes). 

(iii) Atoms of the different elements may possess the same 
mass but they always have different atomic numbers and 
differ in chemical properties (Discovery of isobars). 

(iv) Atoms of one element can be transmuted into atoms of 
other element. (Discovery of artificial transmutation). 

‘(v) In certain organic compounds, like proteins, starch, 
cellulose, etc., the ratio in which atoms of different 
elements combine cannot be regarded as simple. There 
are a number of compounds which do not follow the law 
of constant proportions. Such compounds are called 
non-stoichiometric compounds. 


1.10; ATOMS, MOLECULES AND FORMULAE 


An atom is the smallest particle of an element. The atom of 
hydrogen is the smallest and the lightest. Atoms take part in 
chemical combination and remain as indivisible. All atoms do not 
occur free in nature. Avogadro introduced the idea of another 
kind of particles called the molecules. A molecule is the smallest 
particle of an element or compound that can have a stable 
and independent existence. A molecule of an element consists 
of one or more atoms of the same element. Certain elements are 
capable of existence as single atoms and their atoms can be 
regarded as molecules. A molecule of an element that consists of 
one atom only is called monoatomic molecule as in the case of 
inert gases. Oxygen is not stable in atomic form but is stable in 
molecular form. A molecule of oxygen is diatomic in nature, i.e., 
its molecule consists of two oxygen atoms. Hydrogen, nitrogen, 
fluorine, chlorine, bromine, iodine are also diatomic like oxygen. 


Some elements exist in more complex molecular forms. The 
molecule of phosphorus consists of four phosphorus atoms and 
the molecule of sulphur consists of eight sulphur atoms. Such 
molecules having more than two atoms are said to be polyatomic. 
A representation of the molecule of an element involves use of a 
subscript to the right of the elemental symbol. The diatomic 
molecule of chlorine is represented as Cl,, whereas molecules of 
phosphorus and sulphur are represented as P, and Sg, 
respectively. 

The molecule is the smallest possible unit of a compound 
which shows the properties of the compound. The molecules of 
all compounds contain two or more different types of atoms. 
These differ from the molecules of elements which contain only 
one type of atoms. 


Thus, it becomes clear that atoms are the components of 
molecules and the molecules are components of elements or 
compounds. 


The formula is a group of symbols of elements which 
represents one molecule of a substance. The formula of a 
substance represents its chemical composition. Water consists of 
molecules containing two hydrogen atoms and one oxygen atom 
which are represented as H,O. The subscript to the right of the 
symbol for hydrogen indicates the number of hydrogen atoms 
contained in a molecule. No subscript follows the symbol for 
oxygen which means, by convention, that only one atom of 
oxygen is contained in the molecule. 


The subscripts representing the number of atoms contained in 
a molecule of a compound are in no way related to the number of 
atoms present in the molecule of a free element. Although both 
hydrogen and oxygen are composed.of diatomic molecules, a 
water molecule contains only one atom of oxygen and two atoms 
of hydrogen. The two hydrogen atoms present in H,O are not 
molecular hydrogen but rather two hydrogen atoms that have 
chemically combined with an oxygen atom. 


For a chemical formula to be correct, it must contain two 
pieces of information: (i) it must indicate the elements in the 
make up of the compound, and (ii) it must indicate the combining 
ratio of atoms of these elements in the particular compound. The 
first information is provided by including in the formula correct 
chemical symbols for all the elements in the compound. The 
second piece of information is provided by subscripts, ie., 
numbers written to the right slightly below the chemical symbols 
of the elements. 


Nitric acid is a combination of hydrogen, nitrogen and oxygen 
giving a base formula HNO. These elements combine in the ratio 
1: 1:3. Therefore, the correct formula for nitric acid is HNO, . 


Some compounds are composed of ions rather than of 
molecules. Ions differ from atoms and molecules by being 
electrically charged particles of matter. The charges may 
be positive or ee and generally vary in magnitude. 
The positively charged ions are called cations and negatively 
charged ions are called anions. Simple cations: and anions 
come into existence by loss and acceptance of an electron or 
electrons by neutral atoms respectively. Ions that consist of 
several atoms held together by chemical bonds similar to those 
involved in the molecules are called polyatomic ions or complex 
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ions. These complex ions differ from molecules in the sense that 
they bear a charge. Some of the common complex ions are: 


NO; Nitrate PO Phosphate NH,’ Ammonium 
SO; Sulphate ClOZ Perchlorate PH,' Phosphonium 
SO} Sulphite CO? Carbonate MnO; Permanganate 


When ions are present in a compound, the number of positive 
charges on a cation must balance with the negative charges on an 


anion to produce electrically neutral matter. Since, the charge on - 


the anion may not always be equal to that on the cation, the 
number of anions will not always be equal to the number of 
cations. 

Calcium nitrate consists of calcium and nitrate ions. Each 
calcium ion carries 2 units positive charge while each nitrate ion 
carries | unit negative charge. Thus, to make net charge zero, two 
nitrate ions will link with one calcium ion and the formula will be 
Ca(NO, ),,[Ca** +2NO3]. Names and formulae of some 


common chemical compounds are listed below : 


Common Name 


Chemical Name 


‘Chemical Formula 


| 


Common Name - Chemical Name Chemical Formula 
Indian nitre Potassium nitrate KNO, 
Limestone Calcium carbonate CaCO, 
Lunar caustic Silver nitrate Agno, 
Laughing gas Nitrous oxide ~ « NO 
Litharge Lead monoxide PbO 
Muratic acid Hydrochloric acid Hcl 
Mohr’s salt Ferrous ammonium FeSO,(NH,),50, 
sulphate — -6H,0 
Milk of magnesia Magnesium hydroxide Mg(OH), 
Microcosmnic salt Sodium ammonium Na(NH,)HPO, 
hydrogen ortho- 
phosphate 
Marsh gas (Damp fire)Methane CH, 
Oleum Sulphuric acid H,S8,0, 
(Fuming) 
Oxone . Sodium peroxide Na,O, 
Plaster of Paris atte ae CaSO, : ; HO 
Philosphers’s wool Zinc oxide ZnO 
Phosgene Carbonyl chloride COCI, 
Pearl ash Potassium carbonate K,CO, 
. Pyrene Carbon tetrachloride CCl, 
Picric acid 2,4,6-Trinitrophenol C,H,(OH)(NO,); 
Quick lime Calcium oxide CaO 
Red lead (Minium) Lead tetroxide Pb,0, 
Sugar Sucrose _ Cy 20); 
Slaked lime (Milk of Calcium hydroxide Ca(OH), 
lime) 
Sal ammoniac Ammonium chloride NH,Cl 
Sugar of lead Lead acetate (CH,COO),Pb 
Sand Silicon dioxide SiO, 
Table salt (Common Sodium chloride NaCl 
salt) ; 
TEL Tetra-ethy! lead Pb(C,H;), 
Tear gas Chloropicrin CCI,NO, 
Washing soda Sodium carbonate Na,CO,-10H,O 
Water glass . Sodium silicate Na,SiO, 
White vitriol Zinc sulphate ZnSO,-7H,O 
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Alum — Ammonium (NH,),SO,- Al,(SO,); 
; aluminium sulphate -24H,0 
Aspirin Acetyl salicylic acid CyH,O, 
Battery acid or Sulphuric acid H,SO, 
oil of vitriol 
Blue vitriol Copper sulphate CuSO,:5H,0 
Baking soda Sodium bicarbonate NaHCO, 
Bleaching powder Calcium CaOCl, 
chlorohypochlorite 
Borax Sodium tetraborate | Na,B,0,-10H,O 
Butter of tin Stannic chloride SnCl4-5H,O 
Caustic soda Sodium hydroxide NaOH 
Caustic potash Potassium hydroxide KOH 
Carbolic acid Phenol C,H,OH 
Chile saltpetre Sodium nitrate NaNO, 
Carborundum Silicon carbide SiC 
Corrosive sublimate Mercuric chloride HeCl, 
Calomel Mercurous chloride Hg,Cl, 
Dry ice Carbon dioxide (solid) CO, 
Formalin Formaldehyde HCHO 
(40% solution) 
Grain alcohol (Spirit) Ethyl alcohol _ C,H,OH 
Green vitriol Ferrous sulphate FeSO,:7H,O 
Gypsum Calcium sulphate CaSO,-2H,0 
Gammexane (BHC) Benzene hexachloride C5H,.Cl 
Hydrolith Calcium hydride CaH, 
Hypo (Antichlor) Sodium thiosulphate Na,S,0,-5H,O 


One of the most important concepts derived from Dalton’s atomic 
theory is that of atomic mass, i¢, each element has a 
characteristic atomic mass. As atoms are very tiny particles, their 
absolute masses are difficult to measure. However, it is possible 
to determine the relative masses of different atoms if a small unit 


14 G.R.B. PHYSICAL CHEMISTRY FOR COMPETITIONS 


of mass is taken as a standard. For this purpose, mass of one atom 
of hydrogen was assumed as unity and was accepted as standard. 
The atomic mass of an element can be defined as the number 
which indicates how many times the mass of one atom of the 
element is heavier in comparison to the mass of one atom of 
hydrogen. 


A = Atomic mass of an element 


_ Mass of one atomof the element 


Mass of oneatomof hydrogen - 


In 1858, oxygen atom was adopted as a standard on account of 


_ the following reasons: 


(i) It is much easier to obtain compounds of elements with 
oxygen than with hydrogen as oxygen is more reactive than 
hydrogen. 

(ii) The atomic masses of most of the elements become 
approximately whole numbers but with hydrogen as standard the 
atomic masses of most of the elements are fractional. 

The mass of one atom of natural oxygen was taken to be 16.0. 


Thus, atomic mass of an element 


Mass of one atomof the element 


x th part of the mass of one atomof oxygen - 


= Mass of one atom of the element Sag 


Mass of one atom of oxygen 


By accepting oxygen as a standard, the atomic mass of 
hydrogen comes as 1.008, sodium 22.991 and sulphur 32.066. 

. In 196], the International Union of Chemists selected a new 
unit for expressing the atomic masses. They accepted the stable 
isotope of carbon (? C) with mass number of 12 as the standard. 
Atomic mass of an element can be defined as the number 
which indicates how many times the mass of one atom of the 
element is heavier in comparison to a th part of the mass of 


one atom of carbon-12 (? C). 


A = Atomic mass of an element 


Mass of one atomof the element 


5 th part of the mass of one atom of carbon -12 
_ Mass of one atom of the element 
Mass of one atom of carbon -12 


[The quantity ‘A’ was formerly known as atomic weight. 
However, this term is no longer used as the word ‘weight’ means 
gravitational force.] 


Atomic mass unit: The quantity a mass of an atom of 


x12 


carbon-12 (2€) is known as the atomic ‘mass unit and is 
abbreviated as amu. The actual mass of one atom of carbon-12 is 
1.9924 x 10° g or 1.9924 x 10° kg. 


*The term Dalton is used for one atomic mass unit, 1 Dalton = 1 amu. 


Thus, 


+ _1,9924 x 1077? 
12 


lamu 


=1,66x 10° g or 1.66 10°77 kg 


A = Atomic mass of an element 


_ Mass of one atom of the element 


lamu 


The atomic masses of some elements on the basis of carbon-12 
are given below: 


Hydrogen 1,008 amu Iron 55.847 amu 
Oxygen 16.00 amu Sodium, 22.989 amu 
Chlorine 35.453 amu Zinc 65.38 amu 
Magnesium : 24.305 amu Silver 107.868 amu 
Copper 63.546 amu . 


The actual mass of an atom of an element 
= The atomic mass of an element in amu x 1.66 x 10% g 


So, the actual mass‘of hydrogen atom: — 

= 1.008 x 1.66x 10 = 1.6736x 10 g 
Similarly, the actual mass of oxygen atom 

= 16x 1.66x 10™ = 2.656x 107 g 


It is clear from the above list of atomic masses that atomic 
masses of a number of elements are not nearly whole numbers. 
Actually, the above values are average relative masses. Most of 
the elements occur in nature as a mixture of isotopes. 
(Isotopes—the atoms of the same element having different 
atomic masses). With very few exceptions, however, elements 
have constant mixtures of isotopes. Chlorine is found in nature as 
a mixture containing two isotopes C1-35 (34.969 amu) and C1-37 
(36.966 amu). These are found in the ratio of 75.53% (CI-35) and 
24.47% (C1-37). Therefore, the average relative mass of chlorine 
is calculated as: 


(34.969 x 0.7553) + (36.966 x 0.2447) = 35.46 amu 


Based on the average mass, the atomic mass of chlorine is 
35.46 or 35.5 amu but it is never possible to have an atom having 
a relative mass 35.5 amu. It can have relative mass of about 35.0 
or 37.0 amu depending on the particular isotope. Thus, average 
relative mass of any naturally occurring sample of chlorine is 
35.46 or 35.5 amu as it is a mixture of two isotopes present in 
definite proportion. The same reasoning applies to all other 
elements. 


The average atomic massés of various elements are 
determined by multiplying the atomic mass of each isotope by its 
fractional abundance and adding the values thus obtained. The 
fractional abundance is determined by. dividing percentage 
abundance by hundred. 

: ; : mxat+nxb 
Average isotopic mass = ——--——— 
; m+n 


here, a, b are atomic masses of isotopes in the ratio m:n. 
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Aye eh 


100 100 


here, x,y are percentage abundance of the two isotopes 
( v= 100 — x). 


Example 11. Boron has two isotopes boron-10 and boron-11 
whose percentage abundances are 19.6% and 80.4% respectively. 
What is the average atomic mass of boron? 

Solution: 
Contribution of boron -10= 10.0 x 0.196 =1.96amu 
Contribution of boron-11=11.0 x 0.804 = 8.844 amu 


Adding both = 1.96 + 8.844 = 10.804 amu 


Average isotopic mass = 


Thus, the average atomic mass of boron is 10.804 amu. 


Example 12. Carbon occurs in nature as a mixture of 
carbon-\2 and carbon-13. The average atomic mass of carbon is 
12.011. What is the percentage abundance of carbon-12 in 
nature? 

Solution: Let x be the percentage abundance of carbon-12; 
then (100 — x) will be the percentage abundance of carbon-13. 


Therefore, ie + Dus) 


=12.011 
100 100° 
or 12x + 1300 — 13x = 1201.1 
or x= 98.9 


Abundance of carbon-12 is 98.9%, 


Gram-atomic Mass or Gram Atom 

When numerical value of atomic mass of an element is 
expressed in grams, the value becomes gram-atomic mass or 
gram atom. The atomic mass of oxygen is 16 while gram-atomic 
mass or gram atom of oxygen is 16 g. Similarly, the gram-atomic 
masses of hydrogen, chlorine and nitrogen are 1.008 g, 35.5 g 
and 14.0 g respectively. Gram-atomic mass or gram.atom of 
every element consists of same number of atoms. This number 
~ is called ee aaa s number. The value of Avogadro’s number 
is 6.02 x 10° 

Absolute mass of one aes atom 


=16amu =16x 1.66x 10° g 
Therefore, the mass of 6.02 x 107° atoms of oxygen will be 
= 16x 1.66x 10™* x 6.02 x 10” 
= 16g (gram -atomic mass) 
Thus, gram-atomic mass can be defined as the absolute 
mass in grams of 6.02 x 10”? atoms of any element. 
Number of gram atoms of any element can be calculated with 


the help of the following formula: 
Mass of the element in grams 
No. of gram atoms = -——————_—__—______—__ 
Atomic mass of the element in grams 
Molecular Mass 

Like an atom, a molecule of a substance is also a very small 
particle possessing a mass of the order of 10 to 10°” g. Similar 
to atomic mass, molecular mass is also expressed as a relative 
mass with respect to the mass of the standard substance which is 
an atom of hydrogen or an atom of oxygen or an atom of 
carbon-12. The molecular mass of a substance may be defined as 


the mass of a molecule of a substance relative to the mass of an 
atom of hydrogen as 1.008 or of oxygen taken as'16.00 or the 
mass of one atom of carbon taken as 12. Molecular mass is a 
number which indicates how many times one molecule of a 
substance is heavier in comparison to 7th of the mass of 


. Oxygen atom or ath of the mass of one atom of carbon-12. 


M = Molecular mass ; 
_ Mass of one molecule of the substance . —, 


s th mass of one atomof carbon -12 


The mass of a molecule is equal to sum of the masses of the 
atoms present in a molecule. One molecule of water consists of 2 
atoms of hydrogen and one atom of oxygen. Thus, molecular 
mass of water = (2 x 1.008) + 16.00 = 18.016. amu. One molecule 
of H,SO, (sulphuric acid) consists of 2 atoms of hydrogen, one 
atom of sulphur and four atoms of oxygen. Thus, the molecular 
mass of sulphuric acid is 


= (2x 1.008) + 32.00+ (4 x 16.00) 
= 98.016o0r 98.016amu 
Gram-molecular Mass or Gram Molecule 
A quantity of .substance whose mass in grams is 
numerically equal to its molecular mass is called gram- 
molecular mass. In other words, molecular mass of a substance 
expressed in grams is called gram-molecular mass of gram 
molecule. For example, the molecular mass of chlorine is 71 and, 
therefore, its gram-molecular mass or gram molecule is 71 g. 
Similarly, molecular mass of oxygen (O,) is 32, ie, 
2x 16=32amu. 
Gram-molecular mass of oxygen = 32g 
Molecular mass 3 of nitric acid I INDs )is 63, ie., 
=14+144+3x16=63amu 
Gram-molecular mass of nitric acid = 63 g 
Gram-molecular mass should not be confused with the mass 


of one molecule of the substance in grams. The mass of one 
molecule of a substance is known as its actual mass. For 


* 


_example, the actual mass of one molecule of oxygen is equal to 


32x 1.66x 10 g, 7.2, 5.32x10™ g. 


The number of gram molecules of a substance present in a 
given mass of a substance can be determined by the application 
of following formula: : 


No. of gram molecules 
nm Mass of a substance in grams 
~ Molecular mass of the substance in grams © 
Molar mass in grams 
6.023 x10" 
= Molar mass in amu x 1.66 x 107% 


Mass of single molecule = 


grams 
‘Example 13. Calculate the mass of 2.5 gram atoms of 
oxygen. 
Solution: We know that, 


Mass of the element in grams 
No. of gram atoms = 


Atomic mass of the element in grams 
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So, Mass of oxygen = 2.5 x 32 = 80.0g 


Example 14. Calculate the gram atoms in 2.3 g of sodium. 
Solution: No. of gram atoms = =0.1 


[Atomic mass of sodium = 23 g] 


_ Example 15.. Calculate the mass of 1.5 gram molecule of 


sulphuric acid. 
Solution: Molecular mass of 
H,SO, =2x 1+ 32+ 4x 16=98.0amu 
Gram-molecular mass of H,SO, =98.0g 


Mass of 1.5 gram molecule of H,SO, =98.0x 1.5=147.0g 


Example 16. Calculate the actual mass of one molecule of 
carbon dioxide (CO, ). 


Solution: —§ Molecular mass of CO, = 44 amu 
lamu = 1.66 x 1074 g 
So, The actual mass of CO, = 44 x 1.66 x 107” 
= 7.304 x 10° g 


4.1% AVOGADRO’S HYPOTHESIS 


According to Dalton’s atomic theory, elements react with each 
other in the simple ratio of their atoms. Gay-Lussac proposed that 
gases combine in simple ratio of their volumes. In an attempt to 
correlate Dalton’s atomic theory with Gay-Lussac law of gaseous 
volumes, Berzelius stated that under similar conditions of 
temperature and pressure, equal volume of all gases contain 
the same number of atoms. This hypothesis was subsequently 
found to be incorrect as it failed to interpret the experimental 
results and contradicted the very basic assumption of Dalton’s 
atomic theory, i.¢., an atom is indivisible. For example, the 
formation of hydrogen chloride from hydrogen and chlorine 
could not be explained on the basis of Berzelius hypothesis. 


Hydrogen + Chlorine = Hydrogen chloride 
1 vol i vol 2 vol 


natoms natoms 2n compound atoms 
1 atom 1 atom 2 compound atams 
¥, atom ¥,atom 1 compound atom 


i.e., for the formation of 1 compound atom of hydrogen 
chloride, 4 atom of hydrogen and ¥4 atom of chlorine are needed. 
In other words, each atom of hydrogen and chlorine has been 
divided which is against Dalton’s atomic theory. Thus, the 
hypothesis of Berzelius was discarded. 

The Italian scientist, Amedeo Avogadro, in 1811, solved the 
above problem by proposing two types of particles from which 
whole of the matter is composed.of. 

(i) Atom: The smallest particle of an element that can take 
part in chemical change but generally cannot exist freely as such. 


*Atomicity can be ascertained with the values of ratio of two specific heats of gases (| 


Ore = 1.66 (Monoatomic), Give 1.40 (Diatomic), 
Cy Cy ‘ ~ v 


(ii) Molecule: The smallest particle of a substance (element or 
compound) which has free or independent existence and possesses 
all characteristic properties of the substance. A molecule of an 
element is composed of like atoms while a molecule of a compound 
contains fixed number of atoms of two or more different elements. A 
molecule may be broken down into its constituent atoms but the 
atom is indivisible during a chemical change. 

Avogadro after making the above differentiation, presented a 
hypothesis known as Avogadro hypothesis which can be stated 
as follows: 

“Under similar conditions of temperature and pressure, 
equal volumes of all gases contain equal number of molecules.” 

Avogadro hypothesis explains successfully the formation of 
hydrogen chloride. 


Hydrogen + Chlorine == Hydrogen chloride 


1 vol 1 vol 2 vol 
nmolecules x» molecules 2n molecules 
lmolecule 1 molecule 2 molecules 
; molecule ; molecule 1 molecule 

1 atom 1 atom 1 molecule 


(Both hydrogen and chlorine are diatomic in nature.) 

Thus, the hypothesis explains that the molecules of reacting 
gases break up into constituent atoms during chemical change 
which then combine to form new molecules of the product or 


products. 


Applications of Avogadro’s hypothesis 


(i) Atomicity*: Atomicity means number of atoms present 
in one molecule of an elementary gas. Hydrogen, oxygen, 
nitrogen, chlorine, etc., are diatomic in nature. Noble gases are 
monoatomic while ozone is triatomic in nature. Avogadro’s- 
hypothesis helps in determining the atomicity of elements. 

(ii) Relationship between molecular mass and vapour. 
density: The vapour density of any gas is the ratio of the 
densities of the gas and hydrogen under similar conditions of 
temperature and pressure. 


Density of gas 


Vapour Densi .D.) = 
e aa) Density of hydrogen 


Mass of a certain volume of the gas 


Mass of same volume of hydrogen at 
the same temp. and pressure 


Ifn molecules are present in the given volume of a gas and 
hydrogen under similar conditions of temperature and pressure, 
Mass of n molecules of gas 


V.D.=—-__—_______-__—— 
Mass of » molecules of hydrogen 


Mass of 1 molecule of gas 


~ Mass of I molecule of hydrogen 


Vv 


= 1.33 (Polyatomic) 
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Molecular mass of gas 


Molecular mass of hydrogen 

_ Mol. mass 

2 é 

(since, mol, mass of hydrogen = 2) 
Hence, 2 x V.D. = Mol. mass 


This formula can be used for the determination of molecular 
masses of volatile substances from vapour density. Vapour 
density is measured mainly by two methods: 

(a) Victor Meyer and (b) Duma’s methods. 

- (iii) Gram-molecular volume: 1 g mole of any gas 
occupies 22.4 litres or 22400 mL of volume at NTP or STP 
conditions.* 

The density of hydrogen at NTP is 0.00009 g mL”. Thus, 
0.00009 g of hydrogen will occupy volume at NTP = 1 mL 


1 
0.00009 


lg nee of hydrogen (2.016 g)occupies volume at NTP 


226 =22400 mL = 22.4 litre 
0.00009 


According to Avogadro’s hypothesis, equal volumes of 
different gases contain same number of molecules under similar 
conditions of temperature and pressure. Thus, 22.4 litre or 22400 
mL of any gas at NTP will contain one gram mole or its molecular 
mass in grams. 

Loschmidt number : Number of molecules in 1 cm? or 1 mL 
of a gas at S.T.P. is known as Loschmidt number. 


6.023x 107 
22400 
= 2.68x10' molecules mL” 


(iv) Molecular formula: Avogadro’s hypothesis helps in 
finding the molecular formulae of gases. Under similar 
conditions of temperature and pressure, 2 volumes of ozone after 
decomposition give 3 volumes of oxygen. . 


1 g of hydrogen occupies volume at NTP = 


Loschmidt number = 


Decomposition 
Ozone ——-——> Oxygen 
2 vol 3 vol 


2 molecules 3 molecules 


1 molecule 3/2 molecules 
1 molecule 3 atoms 


Thus, the formula of ozone is 03. 


1.13. MOLE CONCEPT. 


For the counting of articles, the unit dozen or unit gross is 
commonly used irrespective of their nature. For example, one 
dozen pencils means 12 pencils or one dozen apples means 12 


apples or one gross books means 144 books or one gross oranges 


means 144 oranges. In a similar way, for counting of atoms, 


molecules, ions, etc., chemists use the unit mole. The term mole _ 
was introduced by Ostwald in 1896. This is the Latin word 
‘moles’ meaning heap or pile. A mole (mol) is defined as the 
number of atoms in 12.00 g of carbon-12. The number of atoms 
in 12 g of carbon-12 has been found experimentally to be 
6.02 x 1073, This number is also known as Avogadro’s number 
named in honour of Amedeo Avogadro (1776 — 1856). . 

Thus, a mole contains 6.02 x 107? units. These units can be 
atoms, midlecules, ions, electrons or anything else. 

1 mole of hydrogen atoms means 6.02 x 10”? hydrogen atoms. 


1 mole of hydrogen molecules means 6.02 x 107° a a 
molecules. 


1 mole of potassium ions means 6.02 x 107? potassium ions. 
1 mole of electrons means 6.02 x 10”? electronis. 


The type of entity must be specified when the mole 
designation is used. A mole of oxygen atoms contains 6.02 x 107? 
oxygen atoms. and a mole of oxygen molecules contains 
6.02 x 107 oxygen molecules. Therefore, a mole of oxygen 
molecules is equal to two moles of oxygen: atoms, 
ie.,2x 6.02 x 10? oxygen atoms. 

How much does one mole weigh? That depends on the nature 
of particles (units). The mass of one mole atoms of any element 
is exactly equal to the atomic mass in grams (gram-atomic 
mass or graim atom) of that element. 

For example, the atomic mass of aluminium is 27 amu. One 
amu is equal to 1.66x 10* g. One mole of aluminium contains 
6.02 107 aluminium atoms. 

Mass of one atom aluminium = 27 x 1.66 x 10-** zg 

Mass of one mole aluminium = 27 x 1.66 x 1074 x 6.02 x 107 

= 272g 

This is the atomic mass of aluminium in grams or it is one 
gram atomic mass or one gram atom of aluminium. 

Siniilarly, the mass of 6.02 x 107° molecules ‘i mole) of a 
substance is equal to its molecular mass in grams or 
gram-molecular mass or gram molecule. For example, 
molecular mass of water is 18 amu. Thus, mass of one mole of 
water will be 18x 1.66x 10 x 6.02 10” ,i2., 18 g. This is 
the molecular mass of water in grams or one sree molecuat 
mass or one gram molecule. 

Mole concept is also applicable to ionic compounds which do 
not contain molecules. In such cases, the formula of an ionic 
compound represents the ratio between constituent ions. The 


mass of 6.02 x 10° formula units represents one mole of an ionic 
compound. 


* 0°C or 273 K temperature and one atmosphere or 760 mm of Hg or 76 cm of Hg pressure are known as the standard conditions of temperature and 


pressure (STP) or normal conditions of temperature and pressure (NTP). 


18 tC; G.R.B. PHYSICAL CHEMISTRY FOR COMPETITIONS | 


One mole of BaCl, =6.02 x 10” BaCl, units 


= 208.2 g BaCl, 

= Molecular mass (formula os of BaCl, 

= 6.02x 10” Ba** ions + 2x 6.02 
x10”-C1" 

= 137.2+ 71.0 =208.2g 

One mole of a substance will have mass equal to ) formula 
mass of that substance expressed in grams, 

It has been established by Avogadro’s hypothesis that one 
gram-molecular mass of any gaseous substance occupies a 
volume of 22.4 litres at NTP. One gram-molecular mass is 
nothing but one mole of substance. Thus, one mole, 
i.e.,6.02x 107 molecules of any gaseous substance occupies 
22. 4 litres as volume at NTP. 

The following formulae satisfy the above discussion. 

1 mole of a substance = 6.02 x 107° particles of the substance 

Number of moles of a substance 

Mass of substance in gram 


~ Mass of one mole of the substance in gram 


No. of particles 


Further, Number of moles = 


6.02 x 10” 
Thus, 
No.of particles _ Mass of substance in gram 
6.02x 1077 Mass of one mole of the substance in gram 


Mass of one atom of an element 
_ Gramatom of an element 


6.02 x 107 


Mass of one molecule of a substance 
_ Gram-molecular mass of the substance 


6.02 x 107 


Number of molecules 
_. Volume of gas in litres at NTP 


- 22.4 


322393 YSome Sorven Exampies) $$$3::; 


.»»~ Example 17. A piece of copper weighs 0.635 g. How many 
atoms of copper does it contain? {CEE (Bihar) 1992] 
Solution: Gram-atomic mass of copper = 63.5g 
Number of moles in 0.635 g of copper — =0.01 
Number of copper atoms in one mole = 6.02 x 107° 
Number of copper atoms in 0.01 moles = 0.01 6.02 x 107° 
. = 6.02 x 107? 
Example 18. How many molecules of water-and oxygen 
atoms are present in 0.9 g of water? 
Solution: Gram-molecular mass of water = 18 g 


x 6.02 x 107 


Number of moles in 0.9 gof water = - =0.05 


Number of water molecules in one mole of water 
= 6.02 x 107? 


Number of molecules of water in 0.05 moles 


= 0.05 x 6.02 x 1073 
= 3.010x 10” 


As one molecule of water contains one oxygen atom, 
So, number of oxygen atoms in 3.010x 10” molecule of 
water = 3.010x 10” 


_ Example 19. Calculate the mass of a single atom of 
sulphur and a single molecule of carbon dioxide. 


Solution: 
Gram- atomic mass of sulphur = 32g 
Gram-atomic mass 
6.02 x 10” 
7 32 
~ 6.02 108 
Formula of carbon dioxide = CO, 
’ Molecular mass of CO, =12+2x 16=44 


Gram-molecular mass of CO, = 44g 
Gram-molecular mass 


6.02 x 107 
_ 44 
| © 6.02 x 103 
Example 20. What is the mass of 3.01x 10” molecules of 
ammonia? 


Mass of one sulphur atom = 


=5.33x10% g 


Mass of one molecule of CO, = 


= 7.308 x 10% g 


Solution: Gram-molecular mass of ammonia = 172 


Number of molecules in 17g (one mole) of NH, = 6.02x 107? 
Let the mass of 3.01x 10” molecules of NH, be =xg 


3.01x10" =x 
So, eee ee Se 
6.02x 10% 17 
22 
Se . poe Sas 
6.02 x 107 


Example 21. From 200 mg of CO,,107! molecules are 
removed. How many moles of CO, are left? 


- Solution: 
Gram-molecular mass of CO, = 44g 


44 21 


Mass of CO, left =(0.2— 0.073) = se g 


Mass of 107 *ipleculés of CO, = 


Number of moles of CO, left rene =2.88x 107? 
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i -»-Example 22. How many molecules and atoms of oxygen 
are presentin 5.6 litres of oxygen (Oz )at NTP? 
Solution: We know that, 22.4 litres of oxygen at NTP 
contain 6.02 x 10”? molecules of oxygen. 
So, 5.6 litres of oxygen at NTP contain * 
= 2° x 6.02% 10? molecules 
22.4 


= 1.505 x 10”? molecules 
1 molecule of oxygen contains = 2 atoms of oxygen 


So, 1.505 x 107? molecules of oxygen contain 
=2x 1.505 x 10”? atoms 
= 3,01 x 107? atoms 


Example 23. How many electrons are present in 1.6 g of 
methane? 


Solution: Gram-molecular mass of methane, _ 


(CH, )=12+4=16g 
Number of moles in 1.6g of methane 


Number of molecules of methane in 0.1 mole 
= 0.1 6.02 x 107 
= 6.02 x 10” 


One molecule of methane has = 6 + 4 = 10 electrons 
So, 6.02 107” molecules of methane have 


=10x 6.02 x 10” electrons 
= 6.02 x 107 electrons 


..., Example 24. The electric charge on the electron is 
1.602 10°'? coulomb. How much charge is present on 0.1 mole 
of Cu?* ions? 

Solution: Charge on one mole of electrons 
= 6.02x 1079 x 1.602 x 107 coulomb 
= 96500coulomb = 1 faraday 

Charge on one mole of Cu?* ions 

=2 x 96500 coulomb = 2 faraday 
Charge on 0.1 mole of Cu?" ions 
=0.1x 2=0.2 faraday 


_ Example 25. How many years it would take to spend one 
Avogadro's number of rupees at a rate of \0 lakh of rupees in one 
second? (MLNR 1990) 

Solution: Number of rupees spent in one second = 10° 


Number of rupees spent in one year 
=10° x 60x 60x 24 x 365 


Avogadro's number of rupees will be spent 


_IWUSTRATIONS: OF OBJECTIVE QUESTIONS” 


6.02 x 107° 
0° x 60x 60x 24 x 365 
= 19.089 x 10° years = 1.9689 10'° years 


116 mg of a compound on vaporisation in Victor Meyer’s 
apparatus displaces 44.8 mL of air measured at STP. The 


molecular mass of the compound is: [CEE (Kerala) 2004 
(a) 116 = (b) 232 (ce) 58 (4d) 44.8 (€) 46.4 
[Ans. (c)] , ; 
[Hint: Molar mass of compound 

= Mass of 22400 mL vapour at STP 

_ 0.116 x 22400 _ 58] 

448 
2. A gas has a vapour density 11.2. The volume occupied by | g 

of the gas at NTP is: (ICECE 2004) 
(a) 1 L (b) 11.2 L (c)224L (d)4L. 
[Ans. (a)| 
[Hint: Molar mass = 2 x 11.2= 224g 


4. 


5. 


Volume of 1 g compound at STP = S =1L] 


3 g of hydrocarbon on combustion with 11.2 g of oxygen 


produce 8.8 g of pe and 5.4 g of H,O. The data illustrate 
the law of: 


(a) conservation of mass (b) multiple proportions 
(c) constant proportions (d) reciprocal proportions 
[Ans. (a)] 

{Hint: 2 Masses of reactants = X Masses of products 


(3+ 11.2)¢ (8.8+ 5.4) g 
Hence, law of conservation of mass is verified.] 
The maximurh number of molecules is present in: 
{CBSE (PMT) 2004; Manipal (Medical) 2007] 

(a) 15 LofH, gasatSTP = (b) SL of N, gas at STP 

(c) 0.5 g of H, gas (d) 10 g of O, gas 

[Ans.  (a)] 

(Hint: 


Number of molecules in 15 LH, = 4 x N = 0.669 N 
Number of molecules in 5 LN, = aa xN =0.223N 
Number of molecules in 0.5 g H, = = xN =025N 


Number of molecules in 10 g 0, = = xN =0312N] 


_ Insulin contains 3.4% sulphur. Then, the minimum molecular 


mass of the insulin is about: 


(a) 940 amu (b) 9400 amu 

(c) 3600 amu (d) 970 amu 

[Ans. (a)] 

{Hint: --3.4 g sulphur is present in 100 g insulin: 


. 32 g sulphur will be present in a x 32g insulin = 940 


.. Molar mass of insulin is about 940 amu] 
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6. 25 g of MCI, contains 0.5 mol chlorine then its molecular 


mass is: (DPMT 2007) 
(a) 100g mol”! () 200g mol” 
(c) 150g mol”! (d) 400g mot”! 
[Aus. (b)] : 
_ (Hint: 1 mol of MCI, contains 4 mol of chlorine 


0.5 mol chlorine is present in 25 g of MCI, 
<4 mol chlorine will be present in x 4, i.e, 200 g of MCI,.] 


‘4.14 EQUIVALENT MASSES OR CHEMICAL 
EQUIVALENTS 


Equivalent mass of a substance (element or compound) is defined 
as the number of parts by mass of the substance which 
combine or displace directly or indirectly 1.008 parts by mass 
of hydrogen or 8 parts by mass of oxygen or 35.5 parts by 
mass of chlorine or 108 parts by mass of silver. 

The equivalent mass is a pure number. When the equivalent 
mass of a substance is expressed in grams, it is called gram 
equivalent mass. For example, equivalent mass of sodium is 23, 
hence, its gram equivalent mass is 23 g. Ls 

The equivalent mass of a substance may have different values 
under different conditions. The equivalent mass of an element 
may vary with change of valency. For example, copper fornis two 
oxides CuO and CuO. In CuO, 63.5 parts of copper combine 
with 16 parts of oxygen. Thus, equivalent mass of copper in this 


oxide is = = 31.75.In Cu,O, 2x 63.5parts of copper combine 


with 16 parts of oxygen; thus, the equivalent mass of copper in 
this oxide is: 


2x 63.5 _ 63.5 


Relation between atomic mass, equivalent mass and 
valency: Suppose an element X combines with hydrogen to 
' forth a compound, XH, , where n is the valency of the element XY. 

n parts by mass of hydrogen combine with atomic mass of 
element X. 

| part by mass of hydrogen combines with 
Atomic mass of element 
Hn 


Atomic mass of ieirenk 


By above definition, is the equiva- 


nh 
lent mass of the element. 


Atomic mass 
Thus, ober 


Equivalent mass 
R 
or Atomic mass = Equivalent mass x Valency 
Note: “Detailed discussion’on equivalent masses of compounds (acids, 
bases, salts, oxidising agents, reducing agents, etc.,) will be 
taken in chapter on volumetric analysis. — 
The following methods are-used for the determination of 
equivalent mass of elements. 
(i) Hydrogen displacement method: This method is used 
for those elements which can evolve hydrogen from acids, i.e., 


active metals. A known mass of the active metal is reacted with 
dilute mineral acid. Hydrogen gas thus evolved is measured 
under experimental conditions. The volume of hydrogen is then 
reduced to NTP conditions. The mass of liberated hydrogen is 
determined using density of hydrogen (0.00009 at NTP). 


Mass of element 


x 1.008 
Mass of hydrogen 


Equivalent mass = 


2 Mais of element x 1.008 

~ Volume in mL of hydrogen displaced at NTP x 0.00009 

= Mass of element x 11200 

~ Volume in mL of hydrogen displaced at NTP . 
(ii) Oxide formation method: A known mass of the 


element is changed into oxide directly or indirectly. The mass of 
oxide is noted. 


Mass of oxygen = (Mass of oxide — Mass of element) | 
Thus, the equivalent mass of the element . 
" = Mass of element x8 
(Mass of oxide — Mass of element) 
_ Mass of element 


x8 
Mass of oxygen 


(ii) Chloride formation method: A known mass of the 
element is changed into chloride directly or indirectly. The mass 


. of the chloride is determined. 


Mass of chlorine = (Mass of chloride — Mass of element) 


Thus, the equivalent mass of the element 

~ Mass of element x 35.5 
- (Mass of chloride — Mass of element) 
__ Mass of element x 35.5 
"Mass of chlorine 


(iv) Metal to metal displacement method: A more active 
metal can displace less active metal from its salt’s solution. For 
example, when zinc is added to copper sulphate, copper is 
precipitated. A known mass of active metal is added to the salt’s 
solution of less active metal. The precipitated metal after drying 
is accurately weighed. The masses of the displacing metal and the 
displaced metal bear the same ratio as their equivalent masses. If 
E, and £, are the equivalent masses of two .¢lements and 
m, and m, their respective masses, then, 

m _£, 
m, E, 


Knowing the equivalent mass of one metal, the equivalent 
mass of the other metal can be calculated. 

(v) Double decomposition method: This method is based 
on the following points: 

(a) The mass of the compound.reacted and the mass of 
product formed are in the ratio of their equivalent masses. 


(b) The equivalent mass of the compound (electrovalent) is 
the sum of equivalent masses of its radicals. 
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(c) The equivalent mass of a radical is equal to the formula 
mass of the radical divided by its charge. 


AB+CD —— AD+CB 
Massof AB Equivalent ae of AB 
Massof AD Equivalent mass of AD 
Eq. mass of A + Eq. mass of B 


Knowing the equivalent masses of B and D, equivalent mass 
of A can be calculated. 


IHUSTRATIONS OF OBJECTIVE QUESTIONS 


7. An unknown element forms an oxide. What will be the 
equivalent mass of the element if the oxygen content is 20% 


by mass: [SEE (WB) 2008] 
@i6 = =) 32,8 (a) 64 
[Ans. (b)] 
{Hint: Equivalent mass of element = Mass of clement x8 
Mass of oxygen 
= 80 x 8= 32] 
20 


8. Ametal M of equivalent mass £ forms an oxide of molecular 
formula M,O,. The atomic mass of the metal is given by the 


correct equation: [PMT (Kerala) 2008] 
(a) 2E(y/x) (b) xyE ? 
(c) E/y (d) W/E 
Ex 
e)— x— 
©) 2 ¥ 
[Ans. (a)] 
[Hint: Let atomic mass of metal M is ‘a’. 
Mass of metal = a x x 
Mass of oxygen = 16 x p 
Equivalent mass of element = Mose of clement x8 
Mass of oxygen 
= Picsad xs. 


l6y 


a=2E (2) ] 
. x 

9. The percentage of an element A/is 53 in its oxide of molecular 

formula MO . Its atomic mass is about: - 

[PET (Kerala) 2008] 

(a) 45 (b) 9 (d) 38 
(e) 27 
[Ans. (e)] 


[Hint: Equivalent mass of element = 


(c) 18 


Mass of element 
Mass of oxygen 
= me x B= 9 
47 
Atomic mass = Equivalent mass x Valency 
=9x3=27 amu] 

10. The equivalent weight of a metal is double than that of 

oxygen. How many times is the weight of its oxide greater 

than the weight of metal? 


(a) 4 (b)2 (c)3 (d) 1.5 
[Ans. (d)] - 
[Hint: Equivalent mass of metal = 16 = = 
Where x = atomic mass of metal | 
n= valency of metal 
Molecular formula of metal oxide = M@,0,, 
Mass of metal oxide 2 (167) + 16() _ 15] 


Mass of metal 2 (16n) 
1.15° METHODS FOR THE DETERMINATION 
OF ATOMIC MASS 


(i) Dulong and Petit’s Law:. According to this law, the 
product of atomic mass and specific heat of a solid element is 
approximately equal to 6.4. The product of atomic mass and 
specific heat is called atomic heat. Thus, 
Atomic mass x Specific heat = 6.4 
6.4 

Specific heat 

In above formula, the specific heat must be in cal/g unit. 

The equivalent mass of the element is determined 
experimentally and the valency, which is always a whole number, 
can be obtained by dividing approximate atomic mass with the 


or Atomic mass (approximate) = 


. equivalent mass and changing the value so obtained to the nearest 


whole number. In this way, exact atomic mass can be determined 
by multiplying equivalent mass with valency. 

~ Example 26. A chloride of an element contains 49.5% 
chlorine. The specific heat of the element is 0.056. Calculate the 
equivalent mass, valency and atomic mass of the element. 


Solution: Mass of chlorine in the metal chloride = 49.5% 
Mass of metal = (100- 49:5) = 50.5 
Equivalent mass of the metal = sheer aa x 35,5 
Mass of chlorine 


= Do «355 36.21 
49.5 


According to Dulong and Petit’s law, 


Approximate atomic mass of the metal = eae 
: ; Specific heat 
= 647 =1143 
0.056 
Waleney= soem nitate atomic mass _ 114.3 _ 31=3 
Equivalent mass 36.21 


Hence, exact atomic mass = 36.21 x 3= 108.63 


_ Example 27. On dissolving 2.0 g of metal in sulphuric 
acid, 4.51g of the metal sulphate was formed. The specific heat of 


the metal is 0.057 cal g™'. What is the valency of the metal and 
exact atomic mass? ; 
Solution: Equivalent mass of SO?” radical 


Valency 2 
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‘Mass of metal sulphate = 4.5 ig 
Mass of metal = 2.08 
Mass of sulphate radical = (4.51~ 2.0) =2.51g 


2.51 g of sulphate combine with 2.0 g of metal. 


So, 48g of sulphate will combine with 


= x 48= s824 metal 
2.51 


; Equivalent: mass of metal = 38.24 
According to Dulong and Petit’s law, . 
Approximate atomic mass = on Parnes FOr 

Specific heat 0.057 

Approximate atomic mass 

Valeney =————_________—_ 
Equivalent mass 
5 112.5 =29~3 
38,24 


Exact atomic mass = 38.24 x 3=114.72 


(ii) Cannizzaro’s method: Atomic mass of an element 
may be defined as the smallest mass of the element present in the 
molecular mass of any one of its compounds, For this purpose, 
the following steps are followed: 

(a) Molecular masses of a number of compounds in which the 
element is present are determined. 


(b) Each compound is analysed. Mass of the element is _ 


determined in the molecular mass of each compound. 
(c) The lowest mass of the element is taken its atomic mass. 


The following table shows the application of this method: 


Vapour’ Molecular % of carbon Mass of carbon in 


Compound density mass= by massin one molecular mass 
. (V.D.) 2V.D. compound ofthe compound. 
Methane 8 16 39000 Lp 
ethane 0. 100 8 
_ aie 80.0x30 _ 4, 
Ethane 15 0 K —T00 00 g 
Carbon 42.9 x 28 
——— =12 
monoxide Gu ae sae 100 P 
Carbon 27.3 x 44 
. —— = 12 
dioxide 2 os ay 100 
81.8 x 44 
Propane 22 44 81.8 rrr ae 36 g 


Least mass of carbon is 12 g. 

Thus, the atomic mass of carbon is 12. 

(iii) The law of isomorphism: Isomorphous substances 
form crystals which have same shape and size and can grow in 
the saturated solution of each other. They have a property of 
forming mixed crystals. Isomorphous substances have same 
composition, ie., they have same number of atoms arranged 
similarly. 


Examples of isomorphous compounds are: 
(a) K,SO, and K,CrO, (potassium sulphate and potassium 


chromate) 

(b) 2nSO,-7H, Oand FeSO, -TH,O (zinc sulphate and 
ferrous sulphate) 

(c) KCIO, and KMnO, (potassium Bae and 
potassium permanganate) 


(d) K,SO,- Al, (SO, );:24H,O and K,SO,-Cr,(SO, ‘ 24H,0 

> (potash alum and chrome alum). 

The following conclusions have been deduced fom the 
phenomenon of isomorphism: 

(i) Masses of two elements that combine with same mass of 
other elements in their respective a oe are in the ratio of 
their atomic masses. 

Mass of one element (A ) that combines | 
with a certain mass of other elements 
Mass of other element (8 ) that combines 
with the same mass of other elements 


__ Atomic mass of A 


‘Atomic mass of B 


(ii) The valencies of the elements forming isomorphous 
compounds are the same. ; 
*. Example 28. Potassium chromate is isomorphous to 
potassium sulphate (K.SO,) and is found to contain 26.78% 
chromium. Calculate the atomic mass of chromium (K = 39.10) 

Solution: Since, the formula of potassium sulphate is 
K,80,, so the formula of potassium chromate should be 
K,CrO,, as it is isomorphous to K,SO,. 

If the atomic mass of chromium is A, then 

formula mass of potassium chromate should be 


= 2x 39.14 A + 64 =(142.2+ A) 
A 


% of chromium =-——————__ x 100 
(142.2+ A) 
“$0, OU 29698" 
(142.2+ A) 
100A = 26.78 (142.2 + A) 
oe hs 26.78 x 142.2 _ 52.00 
73.22 


(iv) Atomic mass from vapour density of a chloride: The 
following steps are involved in this method: 


(a) Vapour density of the chloride of the element jis 
determined. 
(b) Equivalent mass of the element is determined. 
Let the valency of the element be x. The formula of its chloride 
will be MCI,. 


Molecular mass = Atomic mass of M + 35.5x 


= A+ 35.5x . 
Atomic mass = Equivalent mass x Valency 
A=EXx 


Molecular mass = E x x + 35.5x 
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2V.D.=x(E +355) 
_ 2V.D: 


= 
E£+35.5 


Knowing the value of valency, the atomic mass can be 
determined. 


Example 29. One gram of a chloride was found to contain 
0835 g of chlorine. Its vapour density is 85. Calculate its 
molecular formula. 


Solution: Mass of metal chloride = 1g 
Mass of chlorine = 0.835 g 


Mass of metal = (1— 0.835) = 0.165 g 
0.165x 35.5. 


0.835 
=7.01 
2V.D. 


E+35.5 
2x 85 


=4 
Formula of the chloride = MCI, 
Example 30. The oxide of an element contains 32.33 per 


Equivalent mass of metal = 


Valency of the metal = 


cent of the element and the vapour density of its chloride is 79. | 


Calculate the atomic mass of the element. 
Solution: Mass of the element = 32.33 parts 


Mass of oxygen = (100 ~— 32.33) = 67.67 parts 


Equivalent inass of the element = 2273 x g= 3.82 
67.67 


2x 79 


Hence, the atomic mass of the element = 3.82 x 4 


= 15.28 


1.16° TYPES OF FORMULAE 


As already stated in section 1.10, a formula is a group of symbols 
of the elements which represents one molecule of the substance. 
Formula represents chemical composition of the substance. 
There are three kinds of formulae in the case of compounds. 

(i) Empirical formula: .It represents the simplest relative 
whole number ratio of atoms of each element present in the 
molecule of the substance. For example, CH is the empirical 
formula of benzene in which ratio of the atoms of carbon and 
hydrogen is 1: 1. It also indicates that the ratio of carbon and 
hydrogen is 12 : 1 by mass. 

(ii) Molecular formula:' Molecular formula of a compound 
is one which expresses as the actual number of atoms of each 
element present in one molecule. C,H, is the molecular formula 
of benzene indicating that six carbon atoms and six hydrogen 
atoms are present in a molecule of benzene. Thus, 


Molecular formula =n x Empirical formula 


Molecular formula mass 
where, = 


7 Empirical formula mass 


Molecular formula gives the following informations: ... 

(1) Various elements present in the molecule. 

(ii) Number of atoms of various elements in the molecule. 

(iii) Mass ratio of the elements present in the molecule. 
The mass ratio of carbon and oxygen in CO, molecule is 
12:32 o0r3:8. 

(iv) Molecular mass of the substance. 

(v) The number written before the formula indicates the 
number of molecules, e.g., 2CO, means 2 molecules of 
carbon dioxide. 

(iii) Structural formula: It represents the way in which 

atoms of various elements present in the molecule are linked with 
one another. For example, ammonia is represented as: 


The formula indicates that three hydrogen atoms are linked to 
one nitrogen atom by three single covalent bonds. - 


1.17 PERCENTAGE COMPOSITION OF A 


COMPOUND 


Percentage composition of a compound is the relative mass of the 
each of the constituent element in 100 parts of it. It is readily 
calculated from the formula of the compound. Molecular mass of 
a compound is obtained from its formula by adding up the masses 
of all the atoms of the constituent elements present in the 
molecule. , 

Let the molecular mass of a compound be M and X be.the 
mass of an element in the molecule. 


Percentage of element = Mass of clemettt »80 


_ Example 31. 
calcium nitrate. 


Solution: The formula of calcium nitrate is Ca(NO; ),.._ 


Calculate the percentage composition of 


Thus, the formula mass or molecular mass 

= At. mass of Ca + 2 x At. mass of N+ 6x At. mass of oxygen 
=40+2x 14+6x 16 . 

= 164 | 


% of Ca =x 100 = 24 


wot N= = x 100=17 


%of O= 100-— (24 +17)=59 


24. 


- Example 32.‘ Determine .the percentage of water of 


._ erystallisation, iron, sulphur and oxygen in pure ferrous sulphate 
(FeSO,-TH,O). a: & 


Solution: The formula mass of ferrous sulphate 
= At. mass of Fe + At. mass of S+ 4 x At. mass of oxygen 


+.7X Mol. mass of H,O 
= §6.0+ 32.04 4x 16.04 7x 18.0 . 


= 278.0 


So,  % of water of crystallisation = = x 100 = 45.32 


oof iron’ =”. x 100=20.14 
78 | 
32 
% of sulphur =—— x 100=11.51 
278 


64 
% of oxygen =—— x 100= 23.02 
nO een 778 


(Oxygen present in water molecules is not taken into account.) 


Example 33. It is found that 16.5 g of metal combine with 
oxygen to form 35.60 g of metal oxide. Calculate the percentage 
_ of metal and oxygen in the compound. 
Solution: 


Mass of oxygen in oxide = (35.60— 16.50)= 19.10 g 


oe x 100= 46.3 
60 


% of metal = 


19.10 


% of oxygen = aN 100 = 53.7 


_ Example 34. Hydrogen and oxygen are combined in the 
ratio 1:16 by mass in hydrogen peroxide. Calculate the 
percentage*s$-hydrogen and oxygen in hydrogen peroxide. 


Solution: 17 parts of hydrogen peroxide contain hydrogen 
“=I part | 


100 parts of hydrogen peroxide contain hydrogen 
1 
=— x 100 =5.88 
17 


% of oxygen =(100— 5.88) = 94.12 


“Example 35. On analysis of an impure sample of sodium 
chloride, the percentage of chlorine was found to be 45.5. What is 
the percentage of pure sodium chloride in the given sample? 


Solution: The molecular mass of pure sodium chloride (NaCl) 
= At. mass of Na + At. mass of chlorine 
= (23 + 35.5)= 58.5 
% of chlorine in pure NaCl 
35.5 


= —— x 100= 60.6 
58.4 
Thus, 
% of purity of NaCl in the sample 
= 155 y 190=75 
60.6 , 
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11. A gas mixture contains 50% helium and 50% methane by 
volume. What is the percentage by mass of methane in the 


mixture? [CEE (Kerala) 2004] 
(a) 19.97%  (b)20.05%  {(c) 50% (d) 75% 

(e) 80.03% 

Ans. (e)] 

(Hint: Molar and volume ratio will be same, Le lil 


«. Mass of 1 mole CH, and He will be 16 and 4 g respectively. 


Percentage by mass of CH, = Ms ob Hy x 100 
: Total mass 


= 16 100 = 80%] 
20 


12. The atomic composition of the entire universe is 
approximately given in the table below: 


Atom | % of total no: of atoms 
Hq 93 
He | eid 


Hydrogen atoms constitute what percentage of the universe 


by mass? 

(a) 77% (b) 23% (c) 37% (d) 73% 
[Ans. (a)] 

[Hint: Mass of 93 ‘H’ atoms = 93 amu 


Mass of 7 ‘He’ atoms = 28 amu 


0 = 93 - = 0, 
% Hydrogen by mass = (03 + 28) x 100 = 77%] 
13. Which pair of species has same percentage of carbon? 

(a) CH;COOH and C,H,,0, 

(b) CH,COOH and C,H,OH 

(c) HCOOCH, and C,,H,.0,, 

(d) CgH,,0¢ and C,,Hy,0,, 

[Ans. (a)] 


{Hint: Perceitage of carbon in acetic acid = a x 100 = 40% 


Percentage of carbon in C,H j.0, = x 100 = 40%] 
14. Which of the following alkanes has 75% of carbon? 
(a) GH, (b) CH, (c) C,Hg (d) C,Hyo 
[Ans. (b)] : 


fHint: Percentage of carbon in methane = 7 x 100 = 75%| 


15. Which of the following two oxides of nitrogen have 30.5% 


nitrogen? 
(a) NO (b) NO, {c)N,0, — (d) N,O; 
[Ans. (b) and (c)] 


{Hint: Percentage of nitrogen in NO, = * x 100 = 30.5% 


Percentage of nitrogen in NO, = x100 = 30.5%] 


BASIC PRINCIPLES 


1478 DETERMINATION OF EMPIRICAL AND 
MOLECULAR FORMULAE 


The following steps are followed to determine the empirical 
formula of the compound : 
(i) The percentage composition of the compound is 
determined by quantitative analysis. 

(ii) The percentage of each element is divided by its Sains 
mass. It gives atomic ratio of the elements present in the 
compound. 

(iti) The atomic ratio of each element is the divided by the 
minimum value of atomic ratio as to get the simplest ratio 
of the atoms of elements present in the compound. 

(iv) Ifthe simplest ratio is fractional, then values of simplest 
ratio of each element is multiplied by a smallest integer to. 
get a simplest whole number for each of the element. - 

(y) To-get the empirical formula, symbols of various 
elements present are written side by side with their 
respective whole number ratio as a subscript to the lower 
right hand corner of the symbol. 

The molecular fermula of a substance may be determined 
from the empirical formula if the molecular mass of the substance 
is known, The molecular formula is always a simple multiple of 
empirical formula and the value of simple multiple is obtained by 
dividing molecular mass with empirical formula mass. 


Example 36, Calculate the empirical formula for a 
compound that contains 26.6% potassium, 35.4% chromium and 
38.1% oxygen... 

[Given K = 39.1; Cr = 52;0 = 16] 


Solution: 
Relative Simplest 
Element Per. Atomic number of Simplest whole number 
centage mass. ratio 
atoms . ratio 

26.6 0.68 

e ——=068 ——s= 1x2=2 
Potassium 26.6 39.1 391 068 
35.4 0.68 

i ——=068 —=1 1x2=2 
Chromium 35.4 52.0 2 068 
. 38.1 2.38 

——-=2,38 -——=3.5 35x2= 7 
Oxygen 38.1 16.0 16 0.68 


Therefore, empirical formula is K,Cr,07. 


Example 37. 4 compound contains 34.8% oxygen, 52.2% 
carbon and 13.0% hydrogen. What is the empirical formula mass 
of the compound? 

Solution: 


Atomic Relative number 


Element. ere nin eotieaie iat a 
Oxygen 34.8 16 ae 2.175 oS 
Carbon 52.2 2, =? 435 = 
Hydrogen 13.0- 1 = = 13.0 are =6 


| 


The empirical formula is C,H,O. 
Empirical formula mass = (2 x 12)+ (6x 1) + 16= 46 


_ Example 38. A compound of carbon, hydrogen and 
nitrogen contains these elements in the ratio 9 : 1 : 3.5. Calculate 
the empirical formula. If its molecular mass is 108, what is the 
molecular formula? 


Solution: 
Element -Element Atomic Relative number — Simplest 
ratio mass of atoms ratio 
9 0.75 
—= 0.75 ——— 3 
Carbon 9 12 7) | oes 
Hyd 1 i ea ats 259 
_ Hy et | 025 
3.5 0.25 
i —_—= 0.25 
Nitrogen 3.5 14 j mer 


The empirical formula = C,H,N 
Empirical formula mass = (3 x 12)+ (4x 1) + 14 = 54 


Thus, molecular formula of the compound 
= 2x Empirical formula 
=2xX C,H,N= CsHgN2 ; 

Example 39. 4 carbon compound containing only carbon 
and oxygen has an approximate molecular mass of 290. On 
analysis, it is found to contain 50% by mass of each element. 
What is the molecular formula of the compound? 

Solution: 


Simplest 
Element . Atomic Relative number Simplest whole number 
percentage mass of atoms ratio faite 
Carbon 50.0 12 4.166 ante ois 4 
arbon 50. ; 3105 
. 3.125 
‘ a= =] 
mecil 50.0 ‘16 3.125 3125 3 
' The empirical formula = C,0, 
Empirical formula mass = (4 x 12)+ (3 x 16) =96 
Molecular mass = 290 
Mol. mass — 290 
=——__—_— = —— = 3 approximately 
Emp. mass 96 


Molecular formula =n x Empirical formula 
= 3x C,03 = Cy,09 

Example 40. A compound on analysis, was found to 
have the following composition: (i) Sodium = 14.31%, 
(ii) Sulphur =9.97T%, (iii) Oxygen = 69.50%, (iv) Hydrogen 
= 6.22%. Calculate the molecular formula of the compound 
assuming that whole of hydrogen in the compound is present as 
water of crystallisation. Molecular mass of the compound is 322. 
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Solution: 


Atomic Relative number 


Element Percentage mais of atovié Simplest ratio 

; : 0.622 _ 
Sodium 14.31. 23 0.622 Perris 
0.311 _ 
Sulphur 9.97 32 0.311 O11 
P 6.22 _ 
Hydrogen 6.22 “1 6.22 0311. 

Oxy. 69.50 16 4.34 ete 14 

wit 0.311 


The empirical formula = Na SH 90,4 


Empirical formula mass = (2x 23)+ 32 + (20x 1) + (14 x 16) 


= 322 
Molecular mass =322 
Molecular formula = Na .SH)0,4 


Whole of the hydrogen is present in the form of water. Thus, 


10 water molecules are present in the molecule. 


So, molecular formula = Na,SO,-10H,O 


(LLUSTRATIONS OF OBJECTIVE QUESTIONS 


16. An organic” compound contains 49.30% carbon, 6.84% 
hydrogen ‘and its vapour density is 73. Molecular formula of 


the compound is: [CET (Kerala) 2004] 
(a)C,HgO, (b)C,HjO, (c)C,H,O (d) C,H),0, 
(e) CoHi 90, , 
[Ans. (e)] 
: (Hint: Molecular mass = 2 x 73 = 146 
c=-*2 x Molecular mass = 49.30 yey 
100 Atomic mass 10012 
9, 
H=—-x Molecuat mas _ 9.84 146 L419 
100 Atomic mass 100 1 
_ % e Molecular mass _ 43.86 ” 146 _ 4 
100 Atomic mass 100 16 
Molecular formula = CH gO, 
Molecular mass= 12 x 6+ 10x 1+ 164 =146 
‘Or’ 
: Relative : 
Element Percentage prone number of Sin pieyt 
mass ratio 
, atoms 
Carbon 49.30 12 4.10 15x2=3 
Hydrogen 6.84 1 6.84 25x2=5 
Oxygen 43.86 16 2.74 1x2=2 
The empirical formula = C,H,O, 
x 2x73 ts 2 
73 


Molecular formula = 2 x C;H;O. = CgH 1904] 


17. A compound has an empirical: formula C,H,O. An 


independent analysis gave a value of 132.16 for its molecular 
mass. What is the correct molecular formula? 


[CET (Kerala) 2004] 
(a) CyH,O; (b) CoH). 
(c) C,0, (d) CgH,20; 
(e) C,H,O; 
[Ans, (d)] 
[Hint: Molecular formula = (C,H,0), 


Molecular mass 132.16 


Empirical formula mass 44 


Molecular formula = (C,H,O), = C,H,.0,] 


18. An organic compound containing C and H has 92.30% 


20. 


carbon. Its empirical formula is: 


(a) CH (b) CH, 
(c) CH, (d) CH, 
[Ans. (a)] : 
[Hint: Percentage of carbon = 3 x 100 = 92.30% 
‘Or’ 
: . Relative be 
Element Percentage ah ‘number of ee 
; le atoms 
Carbon... 92300°Ss«d2. 7.69 1 
Hydrogen 7.70 ! _ 7.70 1 


Empirical formula = CH] 


Two oxides of a metal contain 50% and 40% of metal M 
respectively. If the formula of first oxide is MO, the formula 
of 2nd oxide will be: 


(a) MO, (b) M,0, 
(c)M,0 (d) M,0, 
[Ans. (b)] 
[Hint: 
Compound 1 Compound 2 
Mo e) M oO 
50% 50% 40% 60% 
50g 50g 40% 60 g 
50 60 
—=1 —=1.5 
lg 50 g lg 40 g 
2g 2g 2¢ 3g 
Formula: MO M,0,] 


Two elements X and Y have atomic mass 75 and 16 
respectively. They combine to give a compound having 
75.8% X. The formula of the compound is: 


(a) XY (b) X,Y 

(c) XY (d) X.Y, 

{Ans. (d)] 

[Hint: Molecular mass of X,¥, = 2x 75+ 3x16=198 
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Percentage of X = = x 100 = 75.80% 


‘Or’ 
oe é Relative 
Element Percentage Annie number of Stniplest 
mass ratio 
_ atoms 
xX 75.80 75 1.01 1x2=2 
Y 24.20 16 151 .15x2=3 


. Formula = X,Y; ] 
21. The crystalline salt Na,SO,-xH,O on heating loses 55.9% of 
its mass. The formula of crystalline salt is: 
(a) Na,SO,-5H,O (b) Na,SO,-7H,O 
(c) Na,SO,-2H,O (d) Na,SO,-10H,O 


(e) Na,SO,-6H,O [PMT (Kerala) 2007] 
,[Ans. (d)] . : 
[Hint: Molecular mass of Na,SO,-10H,0 — 


= 46+ 96+ 180 = 322 am 
% by mass of H,O = x 100 = = 55.9%] 
2 322 


1.19: CHEMICAL EQUATION 


A chemical equation is a symbolic representation of a chemical 
change. 

The substances, in which the chemical change is brought, are 
called reactants and the substances which come into existence as 
the result of. chemical change re called products. The 
relationship between reactants and products is represented in the 
form of a chemical equation. The symbols or formulae of the 
reactants are written on left hand side of equality (=) or > sign 
and the symbols or formulae of products on right hand side. The 
symbols or formulae on both the sides are added by + sign. Such 
an equation is known as skeleton equation. The equation 
becomes balanced when total number of atoms of various 
elements are made equal on both the sides. Gases are always 
written in molecular form. 

‘KCIO, —>KCl+ 0, 

This is the skeleton equation as it only represents reactant and 
products involved in the chemical change but the following 
equation is a balanced equation as the number of atoms of various 
elements is equal on both sides. 

2KCIO, = 2KC1+30, 
a nas 


Reactant Products 


The following notations are also used in chemical equations as 
to provide more information about chemical change: 
(i) Upper arrow (7) is written immediately after the 
gaseous product. 
(ii) Lower arrow (1) is written immediately after the 
insoluble substance (solid) which deposits from a solution. 
" (iii) Symbols, (s) for solid, (J) for liquid and (g) for gas are 
also written to represent the physical state of the reactants 
and products. 
(iv) Symbol (aq.) is written for substances dissolved in water. 
(v). Symbol (A) is written over an arrow or over an equality 
sign to represent heating. 


above the (—) or (=) sign. 


Information Obtained from Chemical Equation 

A balanced chemical equation provides the following 
informations: . 

(1) What are the reactants and products involved: in the 
chemical change? 

(ii) The relative number of molecules of reactants and 

products. 

(iii) The relative number by parts of mass of reactants and 

products. 

(iv) Relative volumes of gaseous reactants and products. 

For example, consider the following reaction: 

CH,(g)+ 20,(g)=CO2(g)+ 2H, O(g) 

This equation tells us that methane and oxygen are reactants 
and carbon dioxide and water are products. One molecule of 
methane reacts with two molecules of oxygen’ to produce one 
molecule of CG; and two molecules of water or one mole of 
methane reacts with two moles of oxygen to produce one mole of 
carbon dioxide and two moles of water or 16 g of methane reacts 
with 64 g of oxygen to produce 44 g of CO, and 36 g of water. 
This equation also tells that 1 vol. of methane reacts with 2 vol. of 
oxygen to produce | vol. of CO, and 2 vol. of steam under. 
similar conditions of temperature and pressure. 


Limitations of Chemical Equation 

A chemical equation fails to provide the following 
informations: 

(i) Actual concentration of the reactants taken and the actual 
concentration of the products obtained. 

(ii) Time taken for the completion of the chemical change. 
(iii) Conditions applied for bringing the chemical change. 
(iv) Whether the reaction is reversible or irreversible. 

The following efforts have been made to make the chemical 

equations more informative by introducing: 

(i) Experimental conditions: If a particular chemical 
change occurs under certain temperature and pressure conditions, 
these are mentioned above and below the (—) or (=) sign: 

200 atm 
N, + 3H, ———> 2NH, 
450°C 
If the reaction occurs in presence of a catalyst, it is written . 


280, +O, —> 280, 


(ii) Heat evolved or absorbed: Heat evolved or absorbed in 
a chemical change can be represented by adding or subtracting 
the amount of heat on right hand side. 
N, +0, ——> 2NO- 43.2 kcals 
C+ 0, — > CO, + 94.3 kcals 
(iii) Reversible or irreversible nature: Reversible 
reactions are shown by changing the sign of equality (=) or 
arrow (—) with sign of double arrow (——). 


N2(g)+ 3H,(g)=—=_ 2NH;(g) 


Types of Chemical Equations 
Chemical equations are of two. types: 
(i) Molecular equations 
(ii) Ionic equations. 


28 G.R.B. PHysical CHEMISTRY FOR COMPETITIONS 


Molecular equations are those in which reactants and products 
are represented in the form of molecules. 
BaCl, + Na,SO, = BaSO, 1 + 2NaCI 
2NaOH + H,SO, = Na,SO, 1 + 2H,O 
Ionic equations are those in which reactants and products are 
written in ionic form. The molecular equation —_ 
BaCl, + Na,SO, = BaSO, J + 2NaCl 
can be written in ionic form as: 
Ba** +2Cl” +2Na* +SO7 = BaSO, 4 +2Na* +2C1- 
Ba** +SO7 == BaSO, 4 
Note: Calculations based on chemical equations have been dealt in the 
chapter ‘Stoichiometry’ in ‘Inorganic Chemistry’. 


1:20° MEASUREMENT IN CHEMISTRY: 
FUNDAMENTAL AND DERIVED UNITS 


Chemistry is an experimental science. An experiment always 
involves observation-of a” phenomenon under certain set of 
conditions. The quantitative scientific observation generally 
requires the measurement of one or more physical quantities such 
as mass, length, density, volume, pressure, temperature, etc. 

A physical quantity is expressed in terms of a number and a 
unit. Without mentioning the unit, the number has no meaning. For 
example, the distance between two points is “four” has no meaning 
unless a specific unit (inch, centimetre, metre, etc.,) is associated 
with the number. The units of physical quantities depend on three 
basic units, i.e., units of mass, length and time. Since, these are 
independent units and cannot be derived from any other units, they 
are called fundamental units. It was soon realised that the three 
fundamental units cannot describe all the physical quantities such 
as temperature, intensity of luminosity, electric current and the 
amount of the ‘substance. Thus, seven units of measurement, 
namely mass, length, time, temperature, electric current, luminous 
intensity and amount of substance are taken as basic units. All 
other units can be derived from them and are, therefore, called 
derived units. The units of area, volume, force, work, density, 
velocity, energy, etc., are all derived units. 


SI Units of Measurement 

Various systems of units were in use prior to 1960. The 
common ones are the following: 

(i) The English or FPS system: The system uses the foot, 
the pound and the second for length, mass and time 
measurements respectively. It is not used now-a-days. 

(ii) MKS system: Here M stands for metre (a unit of 
length), K for kilogram (a unit of mass) and S for second (a unit 
of time). This is a decimal system. ‘ 

(iii) CGS system: Here the unit of length is centimetre, the 
unit of mass is gram and the unit of time is second. It is also a 
decimal system. 

MKS system often known as metric system was very popular 


" throughout the world, but the drawback with this system was that 


a number of different metric units for the same quantity were 
used in different parts of the world. In 1964, the National Bureau 
of Standards adopted a slightly modified version of the metric 
system, which had been officially recommended in 1960 by an 
international body, General Conference of Weights and 


Measures. This revised set of units is known as the 
International System of Units (abbreviated SI). Now the SI 
units have been accepted by the scientists all over the world in all 
branches of science, engineering and technology. , 

The SI system have seven basic units. The various 
fundamental quantities that are expressed by these units along 
with their symbols are tabulated below: ; 


Basic physical quantity Unit . Symbol 
Length Metre . m 
Mass Kilogram kg 

Time Second s 
Temperature Kelvin K 
Electric current Ampere na amp or A 
Luminous intensity Candela . cd 
Amount of substance Mole mol 


Sometimes, submultiples and multiples are used to reduce or 
enlarge the size of the different units. The names and symbols of 
sub-multiples and multiples are listed in the table given below. 

The name for the base unit for mass, the kilogram, already 
contains a prefix. The names of other units of mass are obtained 
by substituting other prefixes for prefix kilo. The names of no 
other base units contain prefixes. 

The use of SI system is slowly growing, however, older 
systems are still in use. Furthermore, the existence of older units 
in scientific literature demands that one must be familiar with 
both old and new systems.’ 


Submultiples ~ Multiples 

Prefix Symbol Sub-multiple| Prefix Symbol Multiple 
deci = d 10"! deca da s«10 
centi c 1072 hecto h 10? 
milli m 107 kilo k 10° 

_ micro Ty 107° | mega M 10 
nano n 10° ~~ giga G 10° 
pico p 10°! _ tera T 10”? 
femto f 10°75 | peta P 105 
atto a ig exa E 10" 
zepto Zz 1972! zeta’ Zz 107! 
yocto y 190°" yotta Y 10% 

Greek Alphabets 

Alpha A ro Nu N v 
Beta B B. Xi = é 
Gamma rT ¥ Omicron oO ° 
Delta A ra] Pi Tl m 
-Epsilon | E- € Rho P p 
Zeta. _Z g Sigma z o 
Eta H 1 Tau t t 
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@ @ | Upsilon sy v 
Tota: J 1 Phi | ® > 
Kappa K « Chi Xx x 
Lambda A x Psi i y 
Mu M it Omega fe) o 
a a ee Fe ee 
Numerical Prefix... ; 

Pee a ee ee ee ee ee ee ee ee 
Prefix Value Prefix Value 
Hemi (1/2) Deca 10 
Mono 1 Undeca il 
Sesqui 1; Dodeca 12 
Di or Bi 2 Trideca 13 
Tri 3 Tetradeca 14 
Tetra 4 Pentadeca ; 15 

* Penta 5 Hexadeca 16 
Hexa 6 Heptadeca 17 
Hepta 7 Octadeca 18 
Octa 8g Nonadeca 19 
Nona 9 Eicosa 20 


SI Units for Some Common Derived Quantities 


(a) 


(b) 


() 


(g) 


(h) 


Area = length x breadth 
=mxXm=m’ [square metre] 
Volume = length x breadth x height 


=mxmxm=m° [cubic metre] 


distance covered _ metre _ ms7! 


Speed = - - 
time time 
- A —] 
; change in veloci ms x 
Acceleration = ee SoS yg 
time taken 8 


Force = mass X acceleration 


=kg xms~ 


=kg ms * (Newton, abbreviated as N) 


_ Pressure = force per unit area 
kg ms? yoke 2 
SSMS ike ms ? or Nm? 

mae 


(Pascal—Pa) 
Energy = force x distance travelled 
=kg ms? xm 


=kg m? s~* ( joule— J) 


Some Old Units Still in Use 


The use of some of the old units is still permitted. The ‘litre’, 
for example, which is defined as 1 cubic decimetre is used 


frequently by chemists. Certain other units which are not a part of 
SI units are still retained for a limited period of time. The term 
atmosphere (atm), the unit of pressure, falls into this category. 
Few of the old units along with conversion factors are given 
below: a 

Length: The interatomic distances are reported in units of 


"angstrom (A), nanometre (nm) or picometre (pm). 


1A=10°% cm=10° m 
Inm=107 cem=10° m=10A 
Ipm=107 cm=10°"" m=107 A 
Inm=10° pm 
Mass: The basic unit of mass is generally taken as gram (g). 
The gram is 107 kg. 
Lkilogram (kg) =10° g 


1 milligram (mg) =107 g 

1 microgram (ug) = 10° g 
While dealing with atoms and molecules, the term atomic 
mass unit (amu) is used. One amu is taken exactly as 5 of the 


mass of an atom of the carbon isotope, C’”. 
lamu =1.6605 x 10°** g =1.6605x 10” kg 


Volume: The units of volume are reported as cubic 
centimetre (cm?) and cubic decimetre (dm’). Cubic decimetre is 
termed litre while cubic centimetre is termed millilitre. 


Litre (lit or L) = (10cm)? =1000cm3 =107 m? 
1 millilitre (mL) =(1em)? =1cem?3 (cc)=10% m? 
So, | litre = 1000 mL 


Temperature: The celsius temperature scale which is not 
a part of SI system, is employed in scientific studies. This scale is 
based on the assignment of 0°C to the normal freezing point of 
water and 100°C to the normal boiling point of water. The celsius 
scale was formerly called the centigrade scale. e 

The unit of temperature in SI system is Kelvin. A degree on 
the kelvin scale has the same magnitude as the degree on the 
celsius scale but zero on the kelvin scale is equal to —273.19°C. 
The temperature (0 K) is often referred to as absolute zero. 


So, K = (°C + 273.15) 
or °C=(K ~ 273.15) 


There is another important temperature scale known as 
fahrenheit scale. In this scale, the normal freezing point of water 
is 32°F and normal boiling point is 212°F. Thus, 100°C equals 
180°F. Both the scales are related by the following equations: 


°C -3 x (°F — 32) [since, 100 parts on celsius scale 


= 180 parts on fahrenheit scale] 


*F=2x(°C)+ 32 
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Pressure: There are three non-SI units for pressure which 
are commonly used. 


(a) Atmosphere (atm) is defined as the pressure exerted by a 
column of mercury of 760 mm or 76 cm height at 0°C. 


(b) Torr is defined as the pressure exerted by a 1 mm column 
of mercury at 0°C. 


(c) Millimetre of mercury (mm Hg). 
These three units are related as: 


latm = 760 torr = 760 mm Hg = 76cm Hg = 1.013 x 10° Pa 


Energy: Calorie has been used in the past as a unit of energy 
measurement. The calorie was defined as the amount of heat 
required to raise the temperature of one gram of water from 
14.59°C to 15.5°C, One calorie is defined as exactly equal to 4.184 
joules. 


leal=4.184J or 13=0.2390cal 
1kcal =1000cal = 4.184 kJ 
Conversion factors : 
langstrom (A) =1078 em=107'° m=107' nm=10" pm 
finch =2.54em, or Lem=0.394 inch 
39.37 inch = | metre lkm= 0.621 mile 
1kg =2.20 pounds (Ib) 1g =0.0353 ounce (0) 
1 pound (Ib) = 453.62 
latomic mass unit (amu) = 1.6605 x 107 74 
= 1.6605 x 10°" kg 
=1.492x 1073 erg =1.492x 107! J 
= 3.564 x 10'! cal =9.310x 108 eV 


= 931.48 MeV 
latmosphere (atm) = 760 torr = 760 mm Hg = 76cm Hg 
=1.01325 x 10° Pa 


Icalorie (cal) = 4.1840 107 erg =4.184 J 
=2.613 x 10" eV 
coulomb (coul) = 2.9979 x 10° esu 
~ leurie (Ci) =3.7x 10° disintegrations sec™! 
_- electron volt (eV) =1.6021x 107 erg =1:6021x 107! J 


= 3.827 107° cal 
= 23.06 kcal mol 


lerg =10°7 J =2.389 x 108cal = 6.242 x 10! eV 
lelectrostatic unit (esu) = 3.33564 x 107!” coul 
| faraday (F )= 9.6487 x 10° coul 
ldyne (dyne) = 107° N 
1 joule = 107 erg =0.2390cal 
Litre =1000ce =1000 mL =1dm? 


=107 m? 


Values of Some Useful Constants 


Fundamental Value in old units 
constant 
*Avogadro’s 6.023 x 1077 mol 
number (N) : 


Atomic mass | 1.6605 x 10° g 
unit (amu) 


Bohr radius (a) 0.52918 A = 0.52918. 


x 10% cm 
Boltzmann 1.3807 x 10° erg deg™ 


constant (k) 
Charge on electron (~) 4.8029 x 107° esu 
.C) 


Charge to mass 1.7588 x 10° coul g! 
ratio e/ mof 
electron 


Electron rest 9.1091 x 10°78 ¢ 
mass (m,) i 


Gas constant 0.0821 lit atm deg mol"! 

(R) 8.314 x10’ erg deg” ‘mol™! 
1.987 = 2.0 cal deg ‘mol! 

Molar volume —- 22.4 L mol”! 

at NTP (V,,) an 

Planck’s constant 6.6252 x 10°?” erg sec 

(A) ; 

Proton mass (m,) 1.6726 x 10 g 

Neutronmass —-1.67495 x 10°" g 

(m,) 

Rydberg constant 109678 cm™! 


Value in SI units 


6.023 x 102 mol 
1.6605 x 10°" g 


5.2918 x 107! m 


1.3807 x 10°? JK7! 
(-) 1.6021 x 10° coul 


1.7588 x 10!coul kg! | 
9.1091 x 107?! kg 
8.314 JK! mol! 


22.4 «107 m? mol! 


6.6252 x10" J sec 


1.6726 x 1077” kg 
1.67495 x 10°?” kg 


1.09678 x 107 m7?! 


(R,) 

Velocity of light 2.9979 x 10" cm sec”! 2.9979 x 108 m sec”! 
(jin vacuum ——_oy 186281 miles sec™! 

Faraday (F) 9.6487 x 10* C/ equiv. 9.6487 x 10° C/ equiv. 

or 96500 C/equiv. — : 

sate * — 0.8988x10!° N mc? 
ANE 1 or 9x10? Nm’C* 
Derived SI Units _ 

Quantity with Symbol Unit (SI) Symbol 

Velocity (7) . metre per sec ms? 

Area (A) square metre m? 

‘Volume (V) cubic metre m? 

Density () kilogram m7? kg m> 

Acceleration (a) metre per sec? ms? 

Energy (E ) joule (J) _kgm?s? 


Force (F ) + newton (N) kg ms? 


ST TSR ETE, 
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Power (W) watt (W) Is‘ kgm? s? 
Pressure (P) pascal (Pa) Nm? 
Resistance (R) ohm (Q) VA?! 
Conduction (C) ohm”, mho, siemens m™ kg™ s? A? or Q7! 
Potential difference volt (V) kgm? s? A 
Electrical charge coulomb (C) Ass (ampere-second) 
Frequency (v) hertz (Hz) cycle per sec 

' Magnetic tesla (T) kg s*A?b=NATm! 


flux x density 
Popular Units and their SI Equivalents 


Physical quantity Unit with symbol ‘Equivalent in SI unit - 


Mass 1 amu 1 amu = 1.6605 x 102 kg 
Energy 1 electron volt (eV) 1.602 x 107? joule 
Length 1A 107° m (107! nm) 
Volume litre 10? m? = dm? 
Force dyne 10° N 
Pressure 1 atmosphere 760 torr (760 mm Hg) 
101325 pa or 10° pa 

1 bar 101325 pa or 10° pa 

1 torr 133.322 N m™ 
Dipole moment debye, 107'® esu-cm 3,324 x 10° cm 
Magnetic flux density gauss (G) 10°T 
Area of nuclear 1 barn 10°78 m? 


cross section 


Nuclear Diameter 1 fermi(1 femto) 105m 


Significant Figures 

There is always some degree of uncertainty in every scientific 
measurement except in 
measurement mainly depends upon two factors: 

(i) Skill and accuracy of the observer, 

(ii) Limitation of the measuring scale. 

To indicate the precision of a measurement, scientists use the 
term significant figures. The significant figures in a number are 
all certain digits plus one doubtful digit. The number of 
significant figures gives the information that except the digit at 
extreme right, all other digits are precise or reproducible. For 
example, mass of an object is 11.24 g. This value indicates that 
actual mass of the object lies between 11.23 g and 11.25 g. Thus, 
one is sure of first three figures (1, 1 and 2) but the fourth figure 
is somewhat inexact. The total significant figures in this number 
are four. 

The following rules are observed in counting the number of 
significant figures in a given mgasured quantity: 

(i) All non-zero digits are significant. For example, 
42.3 has three significant figures. 


counting. The uncertainty in’ 


243.4 has four significant figures. 
"24.123 has five significant figures. 
(ii) A zero becomes significant figure if it appears between 
two non-zero digits. For example, 
5.03 has three significant figures. 
5.604 has four significant figures. 
4.004 has four significant figures. 
(iii) Leading zeros or the zeros placed to the left of the 
number are neyer significant. For example, 
0.543 has three significant figures. 


0.045 has two significant figures. 
0.006 has one significant figure. 


(iv) Trailing zeros or the zeros placed to the right of the 
number are significant. For example, 


433.0 has four significant figures. 
433.00 has five significant figures. 
343.000 has six significant figures. 
(v). In exponential notation, the numerical portion gives the 
number of significant figures. For example, 
1.32 x 107 has three significant figures. 
1.32 x 10* has three significant figures. 
(vi) The non-significant figures in the measurements are 
rounded off. 
(a) Ifthe figure following the last number to be retained is 
less than 5, ali the unwanted figures are discarded and 
the last number is left unchanged, e.g., 
5.6724 is 5.67 to three significant figures. 

(b) If the figure following the last number to be retained 
is greater than 5, the last figure to be retained is 
increased by 1 unit and the unwanted figures are 
discarded, e.g., 

8.6526 is 8.653 to four significant figures. 
If the figure following the last number to be retained 
is 5, the last figure is increased by | only in case it 
happens to be odd. In case of even number the last 
figure remains unchanged. 

2.3524 is 2.4 to two significant figures. | 

7.4511 is 7.4 to two significant figures. 


(c 


~— 


Calculations Involving Significant Figures 


In most of the experiments, the observations of various 
measurements are to be combined mathematically, i.e., added, 
subtracted, multiplied or divided as to achieve the final result. 
Since, all the observations in measurements do not have the same 
precision, it is natural that the final result cannot be more precise 
than the least precise measurement. The following two rules 
should be followed to obtain the proper number of significant 
figures in any calculation. 

Rule 1: The result of an addition or subtraction in the 
numbers having different precisions should be reported to the 
same number of decimal places as are present in the number 
having the least number of decimal places. The rule is illustrated 
by the following examples: 


(a) : 33.3 < (has only one decimal place) 
3.11 
0.313 
Sum 36.723 <—(answer should be reported 


to one decimal place) 


Correct answer = 36.7 


(b) 3.1421 

0.241 

0.09 «(has 2 decimal places) 
Sum 3.4731 


«< (answer should be reported to 


2 decimal places) 
Correct answer = 3.47 


(c) 62.831 <(has 3 decimal places) 
-— 24,5492 
Difference 38.2818 <—(answer should be reported 


to 3 decimal places after 
rounding off) 
Correct answer = 38.282 


Rule 2; The answer to a multiplication or division is 
rounded off to the same number of significant figures as is 
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“o> Example 1. 0.44 g of a hydrocarbon on complete 
combustion with oxygen gave 1.8 g water and 0.88 g carbon 
dioxide. Show that these results are in accordance with the law of 
conservation of mass. 

Solution: A hydrocarbon is a compound which consists of 
carbon and hydrogen only. It undergoes combustion forming 
carbon dioxide and water as products. 

Formula of carbon dioxide = CO,; 
. Molecular mass = 12+ 32= 44g 
Formula of water = H,0; 
Molecular mass = 2+ 16 =18g 


Mass of carbon in 0.88 g of CO, -= x 0.88=0.24¢ 


Mass of hydrogen in 1.8¢ of H,0=— x 18=0.20g 


Total masses of oe and hydrogen in the products 
= 0.244 0.20= 0.44 ¢ 
This is cet to the mass of hydrocarbon before combustion. 
’ Thus, the results are in accordance with the law of 
conservation of mass. 
< Example 2. Calcium carbonate decomposes completely, 
on heating, into lime (CaO) and carbon dioxide (CO, ). \kg of 


calcium carbonate is completely decomposed by heat, when 5602 . 


of lime are obtained. How much quantity of carbon dioxide in 
grams, moles and litres at NTP is produced in the process? 
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possessed by the least precise term used in the calculation. 
Examples are: 


(a) 142.06 
x 0.23 < (two significant figures) 
32.6738 <—(answer should have two 


significant figures) 
Correct answer = 33 
(b) 51.028 
. x131 
66.84668 


< (three significant figures) 


Correct answer = 66.8 


(c) 0.90 _ 0.212676 
4.26 


Correct answer =0.21 


_ Note: (i) Same procedure is followed if an expression involves 


multiplication as well as division. 
” (ii) The presence of exact numbers in an expression does not 
affect the number of significant figures in the answer. 
Examples are: 


3.24 x 0.0866 
a) —————. = 0.055643 
@) 5.046 (e) 


Correct answer = 0.0556 


4.28 x 0.146 x 3 
0.0418 
Correct answer = 44.8 


= 4484784 


_ MISCELLANEOUS NUMERICAL EXAMPLES, — 


Solution: According to law of conservation of mass, 


Mass of lime + Mass of carbon dioxide = Mass of calcium 
carbonate 


560g + Mass of CO, =1000g 
Mass of CO, =1000— 560 =440g 
Molecular mass of CO, =12 + 32=44g (I mole). 


No. of moles in 440g of CO, “a =10 


1mole of CO, occupies volume at NIP = 22.4 litre 
10 molés of CO, willoccupy volume at NTP 
=22.4 x 10=224 litre 


Example 3. 10 mL of hydrogen combine with 5 mL of 
oxygen to yield water. When 200 mL of hydrogen at NTP are 
passed over heated CuO, the CuO loses 0.144 g of its mass. Do 
these results correspond to the law of constant proportions? - 


Solution: 1st Case: 


2 


Mass of 10 mL hydrogen at NTP = x 10 = 0.00089 
yropen 22400 . 


Mass of 5 mL of oxygen at NTP = a x 5= 0.00714 g 
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ia of 22400 mL. o Hg vapour: at NTP = 


3 22800 “ 
ia -* 


= 199! 2 e. 


Hence, molecular mass of Hg = 199. 87 g 


Valency of Hg = a ae 


= 2 (nearest whole number) 


So, accurate atomic mass = Eq. mass x Valency 
=100x 2= 200g 
Mol. mass _ 199.88 


Hence, mercury molecules are monoatomic. 


Example 23. How many grams of CaO are required to 
neutralise 852g of PyO,9? (IT 2005) 
Solution: The reaction will be: 


6CaO + P,O,9 —> 2Ca3 (PO, )> 
852 g P.O. = 3 mol P,Oj9 
1 mole of P,O,,9 neutralises 6 moles of CaO. 
. 3 moles of P,O,, will neutralise 18 moles of CaO. 


Mass of CaO = 18 x 56=1008¢ \ 
-Example 24. Jf 1 grain is equal to 648 mg, how many, 


moles of aspirin (mol. wt, = 169) are i in’ 5 grain eae 


tablet? 
Solution: Mass of aspirin in the tablet = 64.8 x 5= 324 mg 
= 0.324 g 
Number of moles = a = O27 
Molar mass 169 
=1.92x 10° 


Example 25. If the volume occupied in a crystal by a 
molecule of NaCl is 47x 10-4 mL, calculate the volume of the 


crystal weighing 1g. 
Solution: Number of molecules of NaCl 
= Mass _ 6.023 x 10 
Molar mass 


= x 6.023 102 =1.03x 10”. 
58.5 


Volume of crystal = 1.03 x 10% x 47x 10° = 0.484 mL 


Example 26. 4 plant virus is found to consist of uniform 
cylindrical particles of 150 A in diameter and 5000 A long. The 
specific volume of the virus is 0.75 cm? /g. If the virus is considered. 
to be a single particle, find its molecular mass. (HIT 1999) 

Solution: Volume of cylindrical virus = nr?! 


24 ax & x io) x 5000x 10% 


= 0.884 x 107!* cm? 


_ 0.884 x 107" 
Specific volume 0.75 


= 1.178 x107'6 g 


Mass of virus = vou 


Molar mags of virus = Mass of single virus x 6.023 x 107 - 
= 1.178 10716 x 6.023 x 1077 
= 7.095 x.10’ 


Example 27. Weighing 3104 carats (lcarat = 200mg), the 
Cullinan diamond was the largest natural diamond ever found. 


How many carbon atoms were present in the stone? 
Solution: Mass of the stone 


= 3104 x 200 = ones 620. ge 
Number of atoms of carbon 


Mass in gram 33 
Se ODIO 
Gram-atomic mass ~ 
a 8 6.023 x 10% = 3.12% 10% 


Example 28. A cylinder of. compressed gas contains 
nitrogen and oxygen in the ratio 3:1 by mole. If the cylinder is 
known to contain 2.5 x 10* g of oxygen, what is the total mass of 
the gas mixture? 


Solution: Number of moles of oxygen in the cylinder 
Massingram  —_—2.5x 104 
Molecular mass in gram 32 
= 781.25 


Number of moles of N, = 3x 781.25 = 2343.75 
Mass of nitrogen in the cylinder = 2343.75 x 28 
. = 65625g . 
= 6.5625 x 10* g 
Total mass of the gas in the cylinder | 
=2.5x10* + 6.5625 x 10* = 9,0625x 10* g 


Example 29. Atmospheric air has 78% Nz; 21% O,; 
0.9 % Ar and 0.1% CO, by volume. What is the molecular mass 
of air in the atmosphere? 
Solution: Molecular mass of mixture 


0, 
= 2 er eae: moor each >< Molar mass 
100 . 


SLANE Se ecane 32425 x 404 2 x 44 = 28.964 
100 100 100 100 
Example 30. The famous toothpaste Forhans contains 0.76 
g of sodium per gram of sodium monofluoroorthophosphate 
(Na,PO,F )in 100m. 
(a) How many fluorine atoms are present? 
(b) How much fluorine in milligrams is present? 
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Solution: 


Molar mass of Na ,PO,F = 3) xX 23+ 314+ 16x 4+19=183 
183 g Na;PO,F contains = 19 g fluorine 


0.76g Na,PO,F contains = “ x 0.76g fluorine . 


= 0.0789 g= 78.9 mg fluorine 
Number of fluorine atoms 

ES ea x 6.023x107 
Gram-atomic mass 


Z _ x 6.023 x 1073 


=2.5x 107! atoms 
Bo] ‘xample 31. An alloy of iron (54.7%), nickel (45%) and 
manganese (0.3%) has a density of 8.17 g/cem*. How many 


iron atoms are there in a block of alloy measuring 
10cmx 20cm x 15 cm? 


Solution: 


Volume of me block of alloy = 10x 20x 15cm? 


= 3000cm? 
..,Mass of. the block = 3000 x 8.17g = 24510g 
Mass of iron. in the block = oe x 24510 = 13406.97 g 


\ Number-of tron atoms inthe block] — "= 5 6.603102 


- ae x 6.023 x 1023 


= 1.442 x 10°6 


Example 32. . dn analysis of pyrex glass showed 12.9% 
B03, 2.2% Al,O;, 3.8% Na,O, 0.4% KO and remaining is 
SiO,. What is the ratio of silicon to boron atoms in the glass ? 
(BCECE 2007) 


Solution: ; 
Percentage composition of 2,0; =12.9% 
Percentage composition of 
SiO, =100-[12.9+2.2+3.8+0.4] 
= 80.7% 


Number of moles of B205 = AS 5 “7 = 0.184 
Molar mass 70 


Number of moles of boron atoms = 2 x 0:184 


Number of moles of SiO, Mass _ a UF 1.345 
Molar mass 6 

Number of moles of silicon atoms = 1.345 

Number of atoms of silicon N, 1.345 7.3 

Number of atoms of boron — N, x 0.184 ak 

Where, N, = Avogadro’s number 


22. x gram of CaCO, was completely burnt in air. The mass of the 
solid residue formed is 28 g. What is the value of ‘x’ in gram? 


(EAMCET 2005) 
(a) 44 (b) 200 (c) 150 » (d) 50 
[Ans. (d)] 
[Hint: CaCO,(s) - ey cee) + CO,(g) 
100g 


56 g residue = 100 g CaCO, 
“. 28 g residue = 50 g CaCO, ] 


23. The mass of carbon anode consumed (giving only carbon 
dioxide) in the production of 270 kg of Al metal from bauxite 


by Hall process is: 
(a)270kg (b)540kg = (c) 9D kg (d) 180 kg 
[Ans. (c)] 


+ 2A1,0, —> 4Al + 3CO, 
4x27 = 108g 


[Hint: 3C 
3x [2g 

+ 108 g Al is produced by consuming = 36 g carbon 

“.270 x 10° g Al will be produced by consuming 


= 28 979 10° g carbon 
108 


= 90x 10° g= 90kg carbon | 


24. The equivalent mass of an element is 4. Its chloride has 
vapour density 59.25. Then the valency of the element is: 
(a) 4 (b) 3 (c)2 (d).1 
[Ans. (b)] 


[Hint: Molecular mass of MCI, = 59.25x 2= 118.5 
a+ 35.5xn=118.5 ..- fi). 
Equivalent mass x + 35.5 x m= 118.5 
An+ 35.5n=118.5 Gi) 
n= 3] 
25. Sutehie trioxide i is prepared by the following two reactions: 
S,(s) + 80,(g ) —> 880, (g) 
280,(g ) + 0,(g ) —> 2S80,(g ) 
How many grams of SO, are produced from 1 mole $,? 


(a) 1280 (b) 640 
(c) 960 (d) 320 
[Aps. (b)] 


{Hint: From the given reaction, it is clear that, 1 mole 8, will 
give 8 moles of SQ. 
.. Mass of SO, formed will be = 80 x 8 = 640g. 1. 

26. Calculate the number of millilitres at STP of H,S gas needed 
to precipitate cupric sulphide completely from 100 mL of a 
solution containing 0.75 g of CuCl, in I L. 

(a) 21.4 (b) 14.2 
' (c) 41.2 (d) 124 
[Ans. (d)] : 


27, 
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[Hint: CuCl, + H,$ —> CuS + 2HCI 


Number of moles of H.S = Number of moles of CuCl, 


= oe ie 0.00557 
~ 7345 


Volume of H,S = 0.00557 x 22400 = 124.8 mL} 
In the reaction, 


As,S, +xHNO, ——> 5H,SO, + yNO, +2H;AsO, 
+ 12H,O 


39 
the values of x and y are: i: [ JEE (Orissa) 2006] 
(a) 40, 40 (b)- 10, 10 
(c) 30, 30 (d) 20, 20 
{Ans. (a)] 
[Hint: In RHS, there are 40 hydrogen atoms, hence only © 


option (a) will be suitable.] 


SUMMARY AND IMPORTANT POINTS TO REMEMBER 


1. Chemistry: Branch of physical science which deals 


with the properties, composition and changes of matter. It 
has several branches. Main branches are (i) organic 
(ii) inorganic (iii) physical and (iv) analytical. It is wide in its 
scope and touches.almost every aspect of our lives. 

Matter: It is anything which has mass and occupies space. 
Matter exists in three physical states (i) solid (ii) liquid. and 
(iii) gas. It is chemically classified into (a) elements 
(b) compounds and (c) mixtures. 


. Energy: The capacity of doing work. It is of various forms. 


One form can be converted into another but cannot be created 


12. 


properties ofa compound are altogether different from the 
properties of elements from which it has been constituted. 

Mixture: A material containing two or more substances 
(elements or compounds) in any proportion, in . which 
components do not lose their identity. Homogeneous mixture 
has a single phase while heterogeneous has more than one 
phase. Mixture can be separated into components by 


- physical methods. 


13. 


14. 


Alloy: A homogeneous mixture of two or more 
elements—metal and metal, metal and non-metal or 
non-metal and non-metal. They have unique properties, 
Physical change: A temporary change, ni 


ll 


. Intensive properties: 


. Extensive properties: 


. Element: 


- 10. 


* 


. Metals: 


. Non-metals: 


in the universe is constant. The relationship between mass and 
energy is given by Einstein equation, E= mc” (where, 
E = energy, m = mass, c = velocity of light). 


matter, e.g., colour, density, melting point, boiling point, etc. 

Depend on the quantity of matter, 
e.g., volume, mass, weight, etc. 

Substance: A variety of matter, all samples of which have 
the same composition and properties. Pure substances are 
divided into (i) elements and (ii) compounds. 

A substance which cannot be decomposed into 
anything more simpler by ordinary physical or chemical 
means. 117 elements are known. 88 elements have been 
isolated from natural sources and remaining 29 have been 
prepared by artificial means. Every element is represented by 
a symbol which is a small abbreviation of its full and lengthy 
name. Oxygen is the most abundant element. Silicon, 
aluminium, iron are second, third and fourth most abundant 
elements. Elements are classified as (i) metals 
(ii) non-metals and (iii) metalloids.. , 


properties such as lustre, hardness, malleable, ductile, good 
conductors of heat and electricity. Copper, zinc, iron, 
aluminium are metals. 

Usually non-lustrous, 
conductors of electricity. Oxygen, 
chlorine, helium, etc., are non-metals. 
Metalloids: Possess mixed properties of mele and 
non-metals both (e.g., As, Sb, Sn). 

Compound: Pure substance composed of two or more 
different elements in a fixed proportion of mass. The 


brittle and poor 
carbon, ihe 


Do not depend on the quantity of © 


Generally solids (Hg—exception). They have ~ 


15 


? 


16. 


17, 


18. 


chemical composition and mass. Physical properties alter. It 
can be reversed easily. 
Chemical change: A permanent change, new substance is 
formed which possesses different composition. and 
properties. It cannot ‘be reversed easily. Chemical changes 
are of various types. The important ones are decomposition, 
synthesis, substitution, addition, internal rearrangement, 
polymerisation, double decomposition, etc. _ 
Law of conservation of mass: (Lavoisier—1774) Ina 
chemical change, mass is neither created nor destroyed. In 
chemical reactions: 

Total masses of reactants = Total masses of products. 
Law of constant proportions: (Proust—1799) A chemical 
compound always contains the same element combined 
together in fixed proportion by mass. 
Law of multiple proportions: (Dalton—1 808) When two 
elements combine to form two or more compounds, the 


. different masses of one element which combine with a fixed 


19. 


20. 


mass of the other element, bear a simple ratio to one another. 
Law of reciprocal proportions: (Richter—1794) When 
two different elements combine with the same mass of a 
third element, the ratio in which they do so will be the same 
or simple multiple if both directly combine with each other. 
In all chemical reactions, substances react in the ratio of their 
equivalent masses. ; 

Law of gaseous volumes: (Gay-Lussac—18C8) Gases 
react with each other in simple ratio of their volumes and if 
product is also in gaseous state, its volume also bears a 
simple ratio with the volumes of gaseous reactants under 
similar conditions of temperature and pressure. 


. 


ry 


Py 
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21. Dalton’s atomic theory: Every element is composed of 
small indivisible, indestructible particles called atoms. | 


Atoms of the same element are identical but differ in 
properties, mass and size of atoms of other elements. Atoms 
of different elements combine in. simple ratio to form 
- compounds. The relative number and kind of atoms are 
always the same in a given compound. Atoms cannot be 
created or destroyed. 

. Atom: The smallest particle of an element that takes part 
in a chemical reaction. 


‘Molecule: ‘The smallest particle of ‘an element or 


compound that can have a stable existence. 


. Formula: . Group of symbols of elements which ‘eoreetta = Bs 


one molecule of a substance. It represents also the chemical 
composition. 


. Atomic mass: Atomic mass of an clement i is the ratio. of - 


mass of one atom of an element to sth of the mass s of 
carbon-12. "7 @ 
Atomic mass of an element 
“_ Mass of one atom of the element 
Mass of one atomof carbon12 


. Atomic mass unit (amu): oth mass of carbon-12. It is 


equal to 1.66x 104 g. 
Atomic mass of an element 

_ Mass of one atom of the element 

lami 

The actual mass of an atom of element = Atomic mass in 
amu x 1.66 10 g. 
The atomic masses of elements are actually average relative 
masses because elements occur as mixture of isotopes. 
Gram-atomic mass or Gram atom: Atomic mass 
expressed in grams. It is the absolute mass in grams of 
6.02 x 10” atoms of any elernent. 


f el i 
No. of gram atoms = Mass 0 element in grams 


| Atomic mass of the element in grams 

. Molecular mass: It indicates how many — one 
molecule of a substance is heavier in comparison to ath of 

“mass of one atom of carbon-12. Mass of a molecule is equal 
to sum of masses of the atoms present in a molecule. 
Gram-molecular mass or Gram molecule: Molecular 


mass expressed in gram. It is the absolute mass in gram of | 


6.02 x 10”> molecules of any. substance. 
’ No.of gram molecules 
Mass of a substance in gram 
‘Molecular mass of the substance in gram 


Avogadro’s hypothesis: Under similar conditions of . 


temperature and pressure, equal volumes of all gases contain 
same number of poles 


31. Gram molar volume: The volume occupied by one 


gram-molecular mass of any gas at NIP (0°C or 273 K and 
one atm or 76 cm of Hg as pressure). Its value is 22.4 litre. 


. Vapour density: 


Density of a gas 
Density of hydrogen 
_. Mass of a certain volume of a gas 
~” Mass of same volume of hydrogen 
under same temperature and pressure 
-2-V.D.= Molecular mass: 


3. Mole: A mole (mol) is defined : as the: nuinber of atoms in 


12.0 g of carbon-12. The number of atoms is. 6.02 10”, 


This number i is called Avogadro’s number. 
Mass of substance in gram 


Mass of one mole of the substance in gram 
_ No. of particles 
6.02 x 103 
Volume of gas in litres at NTP 
7 2.4 


Mass of one atom of an element 
_ Gramatom of an element 


6.02 x 1073 


Mass of one molecule of a substance 
_ Gram-molecular mass of a substance 


6.02x 1073 - 


No.of moles = 


. Equivalent mass: The number of parts by mass of the 


substance which combine or displace directly or indirectly 
1.008 parts by mass of hydrogen or 8 parts by mass of 
oxygen or 35.5 parts by mass of chlorine or 108 parts by 
mass of silver. 


The equivalent mass of an element may vary with change of 


valency. 
Eq. mass of an element 
_ Mass of element x 1.008 
~ Mass of hydrogen 
Mass of element x 11200 


~ Volume in ml of hydrogen displaced at NIP 
_ Mass of element - 


Mass of oxygen 
a Mass of Clement 35.5 
Mass of chlorine 
35. Metal to metal displacement: A = col 
m, E, 


36. Double decomposition: AB +CD—>»AD+CB 
pot. 


Mass of AB _ Eq. mass of A + Eq. mass of B- 
Mass of 4D Eq. mass of 4 + Eq. mass of D 


Atomic mass of an element 
= Eq. mass of the element x Valency 


37. 


38. 


39, 


40. 


41. 


BASIC: PRINCIPLES 


Dulong and Petit’s law: 


Atomic mass (approximate) = se 
Specific heat 

Cannizzaro’s method: Atomic mass of an element is the 

smallest mass of the element present in the molecular mass 

of any one of its compounds. 

Law of isomorphism: Isomorphous compounds form 

crystals Which have same size and shape and can grow in the 

saturated solution of each other. 

Masses of two elements that combine with same mass of 

other elements in their respective compounds are in the ratio 

of their atomic masses. 

Atomic mass from vapour density of a chloride: 

2 V.D.of a volatile chloride 


Valency of an element = 
Eq. mass + 35.5 


Types of formulae:. 


(i) Empirical: It represents the simplest relative whole 
nuinber ratio of ‘atoms of each element present in the 
molecule of a substance. 

(ii) Molecular: It represents the actual number of atoms of 


each element present in one molecule of a substance. 
Molecular formula = » x Empirical formula 


42. 


43. 


44 


. 


¢ 


| a 


_ Molecular formula mass 
Empirical formula mass 


‘Structural: ‘It represents the way in which atoms of 
various elements are linked with each other. 
Percentage of element: 


Mass of element 


a of element = x 100 


Molecular mass. . 
Chemical eqnation: It is a symbolic representation of a 
chemical change. The equation becomes balanced when total 
number of atoms of various elements are made equal on both 
the sides of equation. Chemical equations are of two types 
(i) molecular and (ii) ionic. Chemical equation is based on 
law of conservation of mass. 
Unit: It is the primary standard chosen to measure any 
physical quantity. 
The seven units of measurement, namely mass, length, time, 
temperature, electric current, luminous intensity and amount 
of substance are taken as basic units. All other units can be 
derived from them and are, therefore, called derived units. SI 
units are used these days in all branches of science. 
Significant figure: It is the total number of certain digits | 
plus one doubtful digit. 
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1. Match the following, choosing one item from Column-X and 
the appropriate related item from Column-Y. 
" 


_ Column-X Column-Y 
(a) Efflorescence. 


(b) Malleability 


(i) Homogeneous mixture 


(ii) Heterogeneous mixture 


(c) Alloy (iii) Mole 
(d) 1 amu : (iv) (1/12)th mass of 
carbon-12 


(v) Tendency to lose water of 
crystallisation ~ 


_(£) Amount of substance. (vi) Property of metal being 
hammered into thin sheets 


(e) Sulphur and sand 


[B] 


. Column-X Column-Y 


(a) Equal volumes of all (i) Dalton’s atomic theory 
gases conta equal ; 
number of molecules at 


NTP. 

(b) The atom is indestruc- (ii) Law of conservation of 
tible. mass 

(c) All pure samples of the (iii) Avogadro’s law 
same compound contain 


the same elements 
combined in the same 
proportion by mass. 


(d) Total mass before and (iv) Dulong and Petit’s law 
after the chemical 
reaction is same. . : 


(e) Atomic ass (v) Gay-Lussac’s law 


~ Specific heat 
(f) Gases react in dibiple (vi) Law of constant 
ratio of their volumes. proportions 
[C] 
Column-X Column-Y 


(a) Most abundant element (i) Platinum 
(b) Most abundant metal Gi) Diamond 
(c) Liquid atroom temp. — (iii) Aluminium 
(d) Hardest substance 
(e) Most ductile metal 


(f) Transuranic element 


(iv) Plutonium 
(v) Mercury 
(vi) Oxygen 


1 ‘ew 
Questions * 
‘. 


Matrix Matching Problems: 
(According to the new pattern of ITT Screening) 


[A] Match the Column-X and Column-Y: 


Column-X ~ Column-Y 
(a) Vapour density % (i) Unitless 
(b) Mole . _ {ii) 1 mol electrons 
(c) 12 g carbon - (iii) Collection of 6.023 x 103 
atoms 


(d) 96500 C (iv) Molecular mass x ; 


[B] Match the Column-X and Column-Y: 


woe EolumneX oe ee Column Fk 
(a) 1.6gCH, (0.1 mol | 
(bt) 1.7gNH; (ii) 6.023 x 10? electrons 
(c) HCHO (iii) 40% carbon 
(d) C,H).0¢, (iv) Vapour density = 15 
[C] Match the Column-X and Column-Y: 

Column-X Column-Y 
(a) | amu (i) Heaviest particle of atom 
(b) Proton (ii) 1.66 x 10°” kg 
(c) Neutron (ili) 931.5 MeV 
(d)o-particle — (iv) Positively charged 
[D] Match the Column-X with Column-Yfor the reaction: 

A+B, -—> AB, 
Column-X Column-Y 


(a) 300 atoms of A + 200 (p) B, is limiting reagent 
molecules of B, 


(b) 100 atoms of 4+ 100 = (q) A is limiting reagent 
molecules of B, 


(c) 5 mol of A + 2.5 mol (r) None of the reactant is in 
of B, excess 
- (d) 2.5 mol of A + 5 mol (s) 200 molecules of A B, will 
of B, be formed 


1. 


6. 


< 


10. 


11. 


’ [Ans. 


[Hint: 


[A] (a-v); (b-vi); (c-i); (d-iv); (e-ii); (Fi) 
[B] (a-iii); (b-1); (c-vi); (d-ii); (e-iv); (Fv) 
[C] (a-vi); (b-iii); (c-v); (d-ii); (e-4); (Hiv). 


of an atom of mercury assuming that each atom of mercury is 
occupying a cube of edge-length equal to the diameter of 
mercury atom. 

(Atomic mass of Estey = 200) 

[Ans. 2.9x 10° cm] 

A metal M of atomic mass 54.94 has a density of 7.42 gice. 

Calculate the apparent volume occupied by one atom of the 
metal. © 


[Ans. 1.23 x 10°? cc] 


. Find the charge of 1 g ion of N° in coulomb. 


[Ans, 2.894 x 10° coulomb] 

Calculate the volume at NTP occupied by 6.25 g of nitrogen. 
5.0 litre] 

10 mL of hydrogen contains 2 x 10° molecules of hydrogen at 


certain pressure and temperature. Calculate the qumber of 
molecules of oxygen whose volume is 200 mL at the same 
temperature and pressure. 


[Ans. 4 x 10* molecules] 


The masses of equal volumes of a gas and hydrogen are 25.6 g 
and 0.8 g respectively under same conditions of temperature 
and pressure. Find the molecular mass of the gas. 


V.D. of the gas = - = 32.0 


Molecular mass = 2 V.D. = 2 x 32.0 = 64.0] 
One litre of a gas at NTP weighs 1.97 g. Find the molecular 
mass of gas. : 
[Ans. 44.128] 
How many moles of water are present in one litre of water? 
[Ans. 55.5 moles] 


. Calculate the mass of 6. 02: x 10?! molecules of nitrogen. 


[Ans. 0.28 g] 
1.5276 g of CdCl, was found to contain 0.9367 g of cadmium. 


Calculate the atomic mass of cadmium. 
{Ans. 112.54] 


[Hint: Equivalent mass of cadmium = vee x 35.5 


Mass of Cl 


= 99367 5 35 5= 56.27 
0.5909 


Atomic mass = Equivalent mass x Valency] 
Calculate how. many methane molecules and how many 
hydrogen and carbon atoms are there in 25.0 g of methane? 
‘((MLNR 1990; Dhanbad 1992) 


BASIC PRINCIPLES 


2. 


12. 


13. 


14. 


15. 


16. 


[A] (a-4, iv); (b-iii); (c-iii); (d-ii) 
[B] (a-1, ii); ae ii); eae iv); (d-iii) 


[D] (ep, 8); (b+); (o-Ps (d- -4). 


——@ PRACTICE PROBLEMS® 


- . The density of mercury is 13.6 g/mL. Calculate the diameter 


[Ans. 941x107? CH, molecules, 9.41 x 107° carbon atoms and 
37.64 x 10? hydrogen atoms.] 


No. of moles of methane = 25.0 


16.0 
One molecule of methane contains one carbon atom and four 
hydrogen atoms. ] 
How much sugar (C,,H,,0,, ) will be required if each person 
on the earth is given 100 molecules of sugar? The population 
of the earth is 3 x 10°. 
[Ans. 170.43x10°" g] 
A mixture of hydrogen and oxygen contains 20% by mass of 


hydrogen. What is the total number of molecules present per 
gram of the mixture? 


[Ans. 7.528 x 107] 
[Hint: In 1 gram of the mixture, 0.2 g of hydrogen and 0.8 g of 
oxygen are present. Moles of H, = “2 - 0.1, moles of oxygen 


= = 0.025. Calculate the number of molecules of hydrogen 


[Hint: 


and oxygen and then add.] 


. How many electrons are present in 18 mL of water? 


(MLNR 1995) 
[Hint: 18 mL water = 18 g water = 1 mole water =6.02 x10” 
molecules, each molecule consists 10 electrons (8 electrons per 
oxygen atom, 2 electrons for two hydrogen atoms). Total 
electrons = 10 x 6.02 x 10° = 6.02 x 104] 
Sulphur molecule is known to be composed of 8 atoms of the 
element. In a sample of 192 g of pure sulphur, calculate (i) 
number of g-atoms of sulphur; (ii) number of atoms of 


sulphur; (iii) number of moles of sulphur; (iv) number of 
molecules of sulphur. 


[Ans. g-atoms = 6; No. of atoms = 6 x 6.02 10”; No. of 
moles = 0.75; No. of molecules = 4,52 x 10”) 

{Hint: The atomic mass of sulphur is 32.] 
The vapour density of a mixture containing NO, and N,O, is 
38.3 at 27°C. Calculate the moles of NO, in 100 g of the 


mixture. (MLNR 1993) 
[Hint: = Mol. mass of mixture = 2 x 38.3 = 76.6 
- No. of moles in 100 g of mixture = BL 


76.6 


Let a g of NO, is present in mixture. 
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17. 


18. 


19. 


20. 


21. 


22. 
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Moles of NO, + Moles of NO, = Moles of mixture 
‘a | 100-a_ 100 


46. «92~—~—«*766 


or a= = 20.10 g 


Moles of NO, in mixture = as = 0.437] 


Calculate the number of oxygen atoms in 88 g CO,. What 


would be the mass of CO having the same number of oxygen 
atoms? (BITS 1990) 
[Hint: 88 g CO, = 2 moles of CO,. One molecule consists of 2 
oxygen atoms. 


No. of oxygen atoms = 2 x 2 x 6.02 x 107? = 24.08 x 10” 


CO molecule has one oxygen atom. 
Mass of CO containing 24.08 x 10° oxygen atoms 


=e x 2408 x 10% =112 g] 
a B4 > ; : 


Density of water at room temperature is 1.0 gem™*. How many. 


molecules are there in one drop of water if its vont: is 0.1 
om’? 

[Ans. 3.34 x 107! molecules] 

{Hint: Mass of one drop = Vol. x d=0.1x 1=0.1g 


No. of moles = te ; No. of molecules = 6.02 x 10” x a ] 


Naturally occurring boron consists of two isotopes, whose 
atomic masses are 10.01 and 11.01. The atomic mass of 
natural boron is 10.81. Calculate the percentage of each 
isotope in natural boron. (MLNR 1994) 
[Ams. % of isotope with atomic mass 10.01 = 20; % of isotope 
with atomic mass 11.01 = 80] 
[Hint: Let x be the percentage of the isotope with atomic mass 
10.01. 

10.01 x x . - 11.01 00 - s. 

100 100 


Chlorine. has isotopes Cland °’Cl. There are three *Cl 


isotopes for every *’Cl isotope in a sample of chlorine. 
Calculate the atomic mass of chlorine. 


[Ans. A= ee. 35.5] 


=10.81 or x=20 


Natural hydrogen gas is a mixture of 'H and 7H in the ratio of 
5000 : 1. Calculate the atomic mass of the hydrogen. 


[Ans. 1.000199] . . 
Chromium has the following isotopic composition: 
; - Fractional 
Mass umber | Isotopic mass abundance 
50 49,9461 | x 
52 | 51.9405 0.8379 
53 | 52.9407 0.0950 
54 | 53.9389 0.0236 
Calculate the value of x. 
[Ans. 0.0435] 


23. 


24, 


25. 


26." 


27. 


28. 


29. 


30. 


31. 


32. 


Use the data given in the following table to pacts the molar 
mass of naturally occurring argon: © aS 


. Isotopic molar mass Abundance 
Mac 35.96755 g mol”! 0.337% 
38 Ay 37.96272 g mol”! 0.063% 
39.9624 g mol! 99.6% 


[Ans. 39.947] 

Density of oxygen at NTP is 1.429 p/litre. Calculate the 
standard molar volume of the gas. 

[Ans. 22.39 litre mol] 

How many iron atoms are present in a stainless steel ball 
bearing having a radius of 0.254 cm? The stainless steel 
contains 85.6% Fe by weight and has density of 7.75 g/cm’. 
[Anms. 4.91x 107] 


The nucleus of an atom X is supposed to be a sphere with a 
radius of 5x 107'? cm. Find the density of the matter in the 
atomic nucleus if the atomic weight of X is 19. 


[Ans. 6.02 x10" g/mL] 

Calculate the number of atoms of each element present in 
122.5 g of KCIO;. 

[Ans. Number of atoms of ‘K’ = 1 x 6.023 x 107 


Number of atoms of ‘CI’ = 1 x 6.023 x 10” 
Number of atoms of ‘O” =3 x 6.023 x 107] 


In an experiment, 1.0 g CaCO, on heating evolved 224 mL of 
CO, at NTP. What mass of CaO (calcium oxide) is formed? 
[Ans. Mass of CaO = 0.56 g] 


(Hint: Mass of 224 mL of CO, = 6d x 224 = 0.44 g] 


What mass of potassium chlorate (KCIO, ) on heating gives 
1.491 g of potassium chloride (KCI) and 0.672 litres of oxygen 
at NTP? 

{Ans. Mass of KCIO, = 2.451 g] 

{Hint: Mass of 22.4 litre of oxygen at NTP = 32 g] 

A compound AB completely decomposes into A ahd B on 
heating. 50 g of AB, on strong heating, gave 40 g of A. How 
much quantity of AB should be decomposed by heating to 
obtain 2.5 g of B? How much quantity of A will be produced 
in the process? 

{Aus. 12.5 g AB is to be decomposed, 10.0 g of A will be 
produced. ] ; 
(Hint: AB —-> A + B ] 

50g 40 g 10g 

If 12.6 g of NaHCO, is added to 20.0 g of HCI solution, the 


residue solution is found to weigh 24.0 g. What is the mass and 
volume of CO, released at NTP in the reaction? 


[Ans. 8.6 g CO, released. Volume at NTP = = x 8.6= 4.378 


litre] ; 

G@) 5.06 g of pure cupric oxide (CuO), on complete reduction 
by heating in-a current of hydrogen, gave 4.04 g of 
metallic copper. 
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(ii) 1.3 g of pure metallic copper was completely dissolved 


in nitric acid and the resultant solution was carefully 
dried and ignited. 1.63 g CuO was produced in the 
process. Show that these results illustrate the law of 
constant proportions. 

[Ans. In both cases, the ratio of copper and oxygen is 1 : 0.25. 

Hence, the law of constant proportions is illustrated. ] 

Metal M and chlorine combine in different proportions to 


form two compounds 4 and B. The mass ratio M:Cl is | 


0.895:1 in A and 1.79]:1 in B. What law of chemical 
combination is illustrated? 

{Ans. Masses of metal which combine with 1 part of chlorine 
are in the ratio of 1 : 2, which is a simple ratio. Hence, law of 
multiple proportions is illustrated. ] 

2.8 g of calcium oxide (CaO) prepared by heating limestone 
were found to contain 0.8 g of oxygen. When one gram of 
oxygen was treated with calcium, 3.5 g of calcium oxide was 
obtained. Show that the results illustrate the law of definite 
proportions. 

By means of the given analytical results show that law of 
multiple proportions is true: 


Mercurous chloride 
Mercury = 84:92 % 
Chlorine = 15.08 % Chlorine = 26.20% _ 


[Ans. The masses of mercury which combine with 1 part of 
chlorine are in the ratio of 2 : 1, which is a simple ratio. Hence, 
law of multiple proportions is illustrated.] 

1 g ofa metal, havirig no variable valency, produces 1.67 g of 
its oxide when heated in air. Its carbonate contains 28.57% of 
the metal. How much oxide will be obtained by heating | 8 of 
the carbonate? 


Mercurit chloride 


Mercury = 73.80% 


[Ans. 0.477 g] 
(Hint: Mass of metal _ Mass of metal in 1g of carbonate 
* Mass of oxygen = x 
he, x=01914 g of oxygen 


Mass of oxide = 0.2857 + 0.1914 = 0.4771 g} 


0.36 g of Mg combines with chlorine to produce. 1.425 g of 
magnesium chloride. 9.50 g of another sample of anhydrous 
magnesium chloride gave, on electrolysis 2.24 litre of chlorine 


at NTP. Show that these data agree with the law of constant- 
proportions. 


Mass of 2.24 litre of chlorine at NTP = oa x 2, 24 
= 7.1g. In both cases, the ratio of masses of Mg and Clis 1 : 3. 


Hence, law of constant proportions is followed. ] 


[Hint: 


Carbon dioxide contains 27.27%. carbon, carbon disulphide 
contains 15.97% carbon and sulphur dioxide contains 50% 
sulphur. Show that these figures illustrate the law of reciprocal 
proportions. 

[Hint: The masses of oxygen and sulphur which combine with 
1 part of carbon, are in the ratio of 2.667: 5,25, ie, 1:2. In 
sulphur dioxide, the masses of sulphur and oxygen are in the ratio 
of 1:1 which is a simple multiple of first. Hence, law of 
reciprocal proportions is illustrated] 
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Phosphorus and chlorine form two compounds. The first 
contains 22.54% by mass of phosphorus and the second 
14.88% of phosphorus. Show that these data are consistent 
with law of multiple proportions. 

(Hint: The ratio of the masses of chlorine which amnbities with 
a fixed mass of phosphorus in two compounds is 3 : 5 which is a 
simple whole number ratio. Thus, the data illustrate law of 
multiple proportions. ] 

A and B are two hydrocarbons. A and B are heated separately 
in excess of oxygen when 0.028 g of A gave 44.8 mL CO, and 
0.044 g of B gave 67.2 mL CO, at NTP. Show that the results 
are inagreement with law of multiple proportions. 


[Hint: Determine the masses of CO, at NTP and then masses of 
carbon. 
(4) Mass of CO - sa X 44.8 = 0.088 

222400 . 


*Mass of carbon = 0.024 g, mass of hydrogen = 0.004 g. 
(B) Mass of CO, = Kas X 67.2 = 0.132 g, , 
; 22400 


Mass of carbon = 0.036 g, mass of hydrogen = 0.008 g. 
Thus, the masses of carbon combining with same mass of 
hydrogen are in the ratio of 4 : 3 which is a simple ratio. Hence, 
law of multiple proportions is followed.] 

Aluminium oxide contains 52.9% aluminium and carbon 
dioxide contains 27.27% carbon. Assuming the validity of the 
law of reciprocal proportions, calculate the percentage of 
aluminium in aluminium carbide. 

[Hint: From the data, it is observed that the ratio of masses of 
aluminium and carbon in aluminium carbide should be 3 : 1 or its 
simple multiple. Hence, percentage of aluminium in aluminium 


carbide = Te X100= 75, s) 


Two volumes af ammonia, on dissociation gave one saline of 
nitrogen and three volumes of hydrogen. How much hydrogen 
will be obtained from dissociation of 40 mL of NH,? 

60 mL] 

The following results were obtained by heating different 
oxides of lead in a current of hydrogen: 


.{a) 1.393 g of litharge gave 1.293 g of lead. 


(b) 2.173 g of lead peroxide gave 1.882 g of lead. 
(c) 1.721 g of red lead gave 1.552 g of lead. 
Show that these results are in accordance with the law of 
multiple proportions. 

[Ans. Masses of lead that dumbing with same mass.of oxygen 
are in the ratio of 4 : 2 : 3 which is.a simple ratio. So, ‘the results 
are in accordance with the law of multiple proportions.] 

Calculate the number of g-moles of CaO that could be 
obtained from 42.54 g of CaCO, and convert the number of 
g-moles to grams. , 


. 42,54 
o. of g-moles = 
[No. of g : 00 


= 0.4254, 


Mass of CaO = 0.4254 x 56 = 238 g] 


1 g of a metal M which has specific heat of 0.06 combines 
with oxygen to form 1.08 BC of.oxide. What is the atomic mass 
of M? ; 
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[Hint: Approximate atomic mass =—* = 1066 


Equivalent mass of Mf = zie x 8=100 
0,08 


Exact atomic mass = 100 x 1= 100] 


cn 
A compound ‘contains 28% of nitrogen and 72% metal by 
mass. 3 atoms of the metal combine with 2 atoms of the 
nitrogen. Find the atomic mass of the metal. 

({Hint: . Valency of metal = 2 and valency of nitrogen = 3 

14. Eq, mass of metal _ 72 


> 


Equivalent mass of nitrogen = a aan 
: : ; 3 14/3 28 


Equivalent mass of metal = 12 


Atomic mass of metal = 12 x 2 = 24] 


The chloride of a solid metallic element contains 57.89% by 
mass of the element. The specific heat of the element is 0.0324 
caldeg~' g~!. Calculate the exact atomic mass of the element. 


{Hint: Equivalent mass of the element = pad x 35.5= 48.8 
; : : 64 | 
Approximate atomic mass = = 200 
0.0324 


Valency = aN 4 
oa 48.8 


Exact atomic mass = 48.8 x 4 = 195.2 ] 


Two oxides of a metal contain 63.2% and 69.62% of the metal. 
The specific heat of the metal is 0.117. What are the formulae 
of the two oxides? 

MO, and M,03] 

White vitriol (hydrated zinc sulphate) is isomorphous with 
MgSO,:7H,0. White vitriol contains 22.95% zinc and 43.9% 
of water of crystallisation. Find the atomic mass of zinc. 
[Hint: The formula of white vitriol should be ZnSO,-7H_,0 as it 
is isomorphous to MgsSO,-7H,0, i.e, 7. water molecules are 
associated with one zinc atom. 7H,O = 7 x.18 = 126. Mass of Zn 
with which 126 parts of water by mass are associated 


sane x 126 = 65.87. Atomic mass of zinc.] 


43.90 


‘A solid element . bums in oxygen without any change in 


volume (of gas) under similar conditions of temperature and 


"pressure. If the vapour density of pure gaseous product is 32, 


what is the equivalent mass of the element? 
[Hint: One vol. of oxide contains ! vol. of 02. 


One mole of oxide contains one mole of 0». 
Mol. mass of oxide = A + 32=2 V.D. = 64 
So, A=32 | 


32 parts of element combine with’32 parts of oxygen. 


So, Equivalent mass of element = 5 x8=8] 


51. Ifthe equivalent mass of a metal (/ )is x and the formula of its 


52. 


53. 


54. 


58. 
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[Hint: 


ee 2 . 2xn 
oxide is M,, O,,, then show that the atomic mass of M is a 
[Hint: ~ matoms of M combine with n atoms of oxygen. 


1 atom of Mf combines with = atoms of oxygen. 
as ck 2n 
Valency = = 


Hence, 


Atomic mass = Equivalent mass x Valency 


Two oxides of metals A and B are isomorphous. The metal 4 


whose atomic mass is 52, forms a chloride whose vapour 
density is 79. The oxide of the metal B contains 47.1% 


.oxygen. Calculate the atomic mass of B. 


[Hint: 
= ACI, 


2V.D.=A+xx 35.5 or 


Let the valency of 4 be x. The formula of chloride 


x # 3 
As the two oxides are isomorphous, the valency of B is ae 3. 


Equivalent mass of B=Tx8= 8.99, atomic mass of 


B= 8.99 x3 = 2697] 
A mixture of 165x107! molecules of X and 185x107! 


molecules of Y weighs 0.688 g. If molecular mass of Y is 187, 
what is the molecular mass of X ? 


2h 2b 
[Hint: AX 1.65 x aC 187 x 1.85 a = 0.688, 4 = 4135] 
6.02 x 10 6.02 x 10 


The equivalent mass of a metal is 29.73 and the vapour density 
of its chloride is 130.4. Find out the atomic mass of the metal. 


[Ans. Atomic mass = 118.92] 


Calculate the Sects of deneniae, sail piase radical and 
water in potash alum. 


[Ans. Al = 5.69%; soy = 40.51% ; Water = 45.57%] 


Carbohydrates are represented by the general formula 
C,, (H,0),,.On heating, in absence of air, they decompose into 
steam (HO) and carbon. 3.1 g of a carbohydrate,on complete - 
decomposition by heating in absence of air, leave a residue of 
1.24 g of carbon. If the molecular mass of the carbohydrate Be 
180, find its molecular formula. 

[Hint: Determine % of carbon in carbohydrate. It is 40%. Water 
is 60%. Empirical formula=CH,C. Molecular formula 
bes 6 x CH,0 = CoH 1206. ] 

A gaseous hydrocarbon contains 85.7% ‘cuibon and 14.3% 
hydrogen. 1 litre of the hydrocarbon weighs 1.26 g at NTP. 
Determine the molecular formula of the eA oa 

[Ans. C,H,] 

Equal masses of oxygen, hydrogen and methane are taken ina 
container under identical SeaHeMs: Find the ratio of their 
volumes. . : 

[Ans. 1:16: 2] 
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” [Ans. 
‘A sample of potato-starch was ground to give a starch like 
‘molecule. The product analysed 0.086% phosphorus. If each 


How many moles are there in 1 m? of any gas at NTP? - 
[Ans. 44.6 moles] 

A hydrated chloride of metal contains 18.26% metal and 
32.42% chloride ion by mass. The specific heat of metal is 
0.16. What is hydrated chloride? 

[Ans. CaCl,-6H,O] 


1.878 g of MBr, when heated in a stream of HCl gas was 


Basic PRINCIPLES ase = 47 

[Hint: Formula of divalent hydrated metal sulphate will be 

MSO,-xH,O0 

Molecular mass of salt = 65.4 + 96 + 18x 
= (161.4 + 18x) 
% of water = —!®* _ x 100 = 43.85 
161.4 + 18x 

On solving, x=7 


completely converted to chloride MC1,, which weighed 1.0 g. 
The specific heat of metal is 0.14 cal g™!. Calculate the 
molecular masses of metal bromide and metal chloride. 

[Ans. Mol. mass of metal bromide = 285.54; 

Mol. mass of metal chloride = 152.2 ] 

An automobile antifreeze consists of 38.7% C; 9.7% H and 
remaining oxygen by weight. When 0.93 g of it are vaporised 
at 200°C and | atm pressure, 582 mL of vapour are formed. 
Find the molecular formula of the antifreeze. 

[Ans. C,H,O,] 

A mineral contained MgO = 31.88%; SiO, = 63.37% and 
H,O = 4.75%. Show that the simplest formula for the mineral 
is H,Mg3Si,0,,. ae 

(H = 1; Mg = 24; Si = 28; O = 16) 

How many moles of NH, are there in 250 cm’ of a 30% 
solution, the specific gravity of which is 0.90? 

[Ans, 3.97 moles] 

Haemoglobin contains 0.25% iron by mass. The molecular 
mass of haemoglobin is 89600. Calculate the number of iron 
atoms per molecule of haemoglobin. 

[Atomic mass of Fe = 56] - 

4 atoms] 


molecule is assumed to contain one atom of phosphorus, what 
is the average molecular mass of the material? 

[Ans. 36000 amu] 

Insulin contains 3.4% sulphur. Calculate minimum molecular 
mass of the insulin. 

[Ans. 941.176 amu] 

[Hint: For minimum molecular mass, one molecule of insulin 
must have atleast one sulphur atom.] 

Calculate the number of carbon, hydrogen and oxygen atoms 
in 18 g of glucose. 

[Ans. 3.61 10% carbon atoms, 7:22 x 10 bydrogen atoms, 
3.61 x 107 oxygen atoms] 

Hydrated sulphate of a divalent metal of atomic weight 65.4 
loses 43.85% of its weight on dehydration. Find the number of 
molecules of water of crystallisation in the formula of 
hydrated salt. [JEE (West Bengal) 2005] 
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~. Molecular formula of hydrated salt = MSO,-7H,O] 


A person with fever has a temperature of 102.5°F. What is the 
temperature in degree celsius? 


{Hint: Use C= a2) } 


An ornamental ring contains 275 carats of diamond. How 
many grams diamond does it have? 

(Hint: 1 carat = 200 mg 

Mass of diamond = 275 x 200 x 10° g] 


1 volume of a gaseous compound consisting C, H, O on 
complete combustion in presence of 2.5 volume of O, gives 2 
vol. of steam and 2 vol. of CO,. What is the formula of the 
compound if all measurements are made at NTP? 

{Ans. C,H,0O ] 

60 mL of a mixture of nitrous oxide and nitric oxide was 
exploded with excess of hydrogen. If 38 mL of N, was 
formed, calculate the volume of each gas in the mixture. 
[Ans. NO = 44 mL andN,0 = 16 mL] 

For a precious stone, ‘carat’ is used for specifying its mass. If 1 
carat = 3.168 grains (a unit of mass) and 1 gram = 15.4 grains, 
find the total mass in kilogram of the ring that contains 0.5 
carat diamond and 7 gram gold. 

[Ans. 71x107kg] . 

The density of a gaseous element is 5 times that of oxygen 
under similar conditions. If the molecule of the element is 
triatomic, what will be its atomic mass? 

[Ans. 53.33] 

Calculate the number of electrons, protons and neutrons in | 
mole of 80" ions. 

[Ans. Electrons = 10 x 6.023 x 10” 


Protons = 8 x 6.023 x 102 


Neutrons = 8 x 6.023 x 1077] 


600 mL. of a mixture of O, and O, weighs 1 gm at NTP. 


Calculate the volume of ozone in the mixture. 
{Ans. 200 mL] 
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Set-1: Questions with single correct answer 


. The father of modetn chemistry is: 


(a) Priestley 
(c) Dalton 


(b) Lavoisier 
(d) Mendeleev 


. A pure substance can only be: 


(a) a compound 

(b) an element ‘ 
(c) an element or a compound 

(d) a heterogeneous mixture 


A pure substance which contains only one type of atoms 1s 
called: 


(a) an element 
(c) a solid 


(b) a compound 
(d) a liquid 


. Which one of the phrases would-be incorrect to use? 


(a) Amole of an element 
(c) An atom of an element 


(b) A mole of a compound 
{d) An atom of a compound 


. Asymbol not only represents the name of the element but also 


its: 
(a) atomic mass (b) atomic number 
(c) atomicity (d) atomic volume 


The credit for the discovery of transuranic elements goes to: 
(a) Hahn 


(c) Seaborg (d) Curie 


. The most abundant metal in earth’s crust is: 


(a) iron 
(c) calcium 


(b) magnesium 
(d) aluminium. 


. The most abundant element in earth’s crust is: 


(a) hydrogen (b) oxygen (c) nitrogen (d) silicon 


. Which one of the elements is not found in nature? 


(a) Radium (b) Technetium 

(c) Polonium (d) Helium 

Which one of the following is not a compound? 

(a) Marble: (b) Ozone 

(c) Carborundum (d) Quicklime 

Which one of the following is not an element? 

(a) Diamond (b) Ozone  (c) Silica (d) Graphite 
The direct change from solid to gaseous state is referred to as: 
(a) dissociation (b) decomposition 

{c) sublimation (d) deliquescence 

Sulphur burns in oxygen to form sulphur dioxide. The 
properties of sulphur dioxide are: 


(a) totally different from sulphur and oxygen 


. (b) similar to-sulphur 


14. 


‘(c) similar to oxygen 


(d} more similar to sulphur than oxygen 
Which one of the following statements is incorrect? 
(a) All elements are homogeneous 


‘(b) Compounds always contain two or more different elements 


(c) A mixture is not always heterogeneous 
(d) Air is a heterogeneous mixture | 


(b) Rutherford _ 
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One sample of air is found to have 0.03% carbon dioxide and 
another sample 0.02%. This illustrates that: 

(a) air.is a compound 

(b) air is an element . 

(c) air does not follow the law of constant proportions 

(d). air is a mixture 

Which one of the following is not a mixture? 

(a) Distilled water 

(b) Sugar dissolved in water 

(c) Liquefied Petroleum Gas (LPG) 

(d) Gasoline 

Which of the following is a characteristic property of both 
mixtures and compounds? 


- (a) Their properties are same as those of their components , 


(b) Energy is released when they are formed 

(c) Their masses are equal to the sum of the masses of their 
components 

(d) They contain the components in fixed proportions 

Name the scientist who stated that matter can be converted 

into energy: 

(a) Boyle (b) Lavoisier (c) ovsadio (d) Einstein 

Which one of the following is not an intensive property? 

(a) Weight (b) Density 

(c) Refractive index (d) Melting point 

The metalloid among the following group of elements is: 


' (CPMT 1993) 

(a) P (b) Ass (ec) Al (d) Po 
Which of the following alloys does contain Cu and Zn? 

(UT 1993) 
(a) Bronze (b) Brass: 
(c) Type metal (d) Rolled gold 
Which metal is present in german silver? 
(a) Copper (b) Iron (c) Silver (d) Zinc 


Which of the following processes results in the formation of a 


" new compound?- 
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(a) Dissolving common salt in water 

(b) Heating water 

(c) Heating platinum rod - 

(d) Heating iron rod 

Which one of the following is not a chemical change? 

(a) Sublimation (b) Combustion 

(c) Electrolysis (d) Rusting 

The law of multiple proportions is illustrated by the pair of 


compounds: 


(a) sodium chloride and sodium bromide 

(b) water and heavy water 

(c) sulphur dioxide and sulphur trioxide 

(d) magnesium hydroxide and magnesium oxide 

In compound 4, 1.0 g nitrogen combines with 0.57 g oxygen. 
In compound 8, 2.0 g nitrogen unite with 2.24 g oxygen and in 
compound C, 3.0 g nitrogen combine with 5.11 g oxygen. 
These results obey the law of: 
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- (c) constant proportions 
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~ (c) 17x10" 
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(b) constant proportions ~ 
(d) none of these 


(a) multiple proportions 
(c) reciprocal proportions 


_ Which one is the best example of law of conservation of mass? 


(a) 6 g of carbon is heated in vacuum, there is no change in 
mass 

(b) 6 g of-carbon combines with 16 g of oxygen to form 22 g 
of CO, 

(c) 6 g water is completely Sonverted into steam 

(d) A sample of air is heated at, constant pressure when its 
volume increases*but there is no change in mass) 

A chemical equation is balanced according to the law of: 

(a) niultiple proportions (b) constant proportions 

(c) reciprocal proportions (d)_ conservation of mass 

SO, gas was prepared by {i) burning sulphur in oxygen, 

(Gi) reacting sodium sulphite with dilute H,SO, and (iii) 


heating copper with conc. H,SO,. It was found that in each 


case sulphur and oxygen combined in the r ratio of 1: 1. The 
data illustrates the law of: 
(a) conservation of mass _—_(b)_ multiple proportions 

‘(d) reciprocal proportions 
Asample of CaCO, has Ca = 40%, C = 12% and O = 48%. If 


the 1aw of constarit proportions is true, then the mass of Ca in 


_ 5 g of CaCO, from another source will be: 


(a) 2.0g (b) 0.2 g (c) 0.02g - (d) 200g 
Potassium combines with. two isotopes of chlorine 


((Cland 7Ch respectively to form two samples of KCI. 


Their formation follows the law of: 

(a) constant proportions (b) multiple proportions 

(c) reciprocal proportions (d) none of these _ 

Different proportions of oxygen in the various oxides of 


* nitrogen, prove the law of: 


(a) reciprocal proportions 
(c) constant proportions 


(b) multiple proportions 
(d) conservation of mass 


One part of an element A combines with two parts of B . 


(another element). Six parts of element C combine with four 
parts of element B. If A and C combine together, the ratio of 
their masses will be governed by: 

(a) law of definite proportions 

(b) law of multiple proportions - 

(c) law of reciprocal proportions 

(d) law of conservation of mass 

H)S contains 5.88% hydrogen, H,O contains 11. 11% hydrogen 


- while SO, contains 50% a as These fi igites illustrate the 
law of: 


(a) conservation of mass '(b) constant proportions 

(c) multiple proportions (d) reciprocal proportions 
Number of atoms in 4.25 g of NH; is: (AFMC 2010) 
(a) 6.023x 1073  (b) 4x 6.023 x 107 


(@) 4.5x 6.023x 10 


[Hint: Number of molecules of NH, = vis 6.023 x 108 
| == x6.023 x10" 


“Number of atom = 4 x A x 6.023 x 10” 


= 6.023 x 1077] 
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‘ (d) all the elements are: available in nature in the form of 
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(Hint: 


‘(c) Equivalent mass 


| a 


Hydrggen combiries with chlorine to form HCl. It also 
combines with sodium to form NaH. If sodium and chlorine 


_also combine with each other, they will do so in the ratio of 


‘their masses as: 
(a) 23°: 35.5 (b) 35.5 : 23 5 
(c) 1:1 (d) 23:1 ; 


Zinc sulphate contains 22.65% Zn and 43.9% H,0. If the law 

of constant proportions is true, then the mass of zinc required 

to give 40 g crystals will be: 

(a) 90.6 g (b) 9.06g (c) 0.906g (d) 906 g 

3 g of a hydrocarbon on combustion in excess of oxygen .- - 
produces 8.8 g of CO, and’5.4 g ot H,0. ihe data. illustrates’ 

the law of: 


(a) conservation of mass 
(c) constant proportions 


(b) multiple proportions 
(d) reciprocal proportions 


Mass of carbon in 88 g CO, =< x 8.8= 2.4¢; 
Mass of hydrogen iin 5.4 g H,O = 7 x 54 = 0.62 


Total mass of (C + H) = 2.4+ 0.6= 3.0g] 


In the reaction, N, + 3H, —> 2NH;,. the ratio of volumes of 
nitrogen, hydrogen and ammonia is 1 :3:: +2. These figures 
illustrate the law of: _ 

(a) constant proportions (b) Gay-Lussac 

(c) multiple proportions (d) reciprocal proportions 

Two volumes of ammonia, on dissociation gave one volume of 
nitrogen and three volumes of hydrogen. How much hydrogen 
will be obtained from the dissociation of 10 litre of NH;? 

(a) 30 litre (b) 10 litre (c) iSlitre (d) 20 litre 

If 6 litre of H, and 5.6 litre of Cl, are mixed and Ree in 
an eudiometer, the volume of HCI formed is: - 


(a) 6.0litre (b) 5.6 litre (c) 11.2 litre (d) 11.6 litre 


The law of constant proportions was enunciated by: 

(a) Dalton . (b) Berthelot (c) Avogadro (d) Proust _. 
An important postulate of Dalton’s atomic theory is: 

(a) an atom contains electrons, protons and neutrons 

(b) atom can neither be created nor destroyed nor divisible 
(c) all the atoms of ari element are not identical 


atoms 
The atomic masses of the elements are usually fractional because: 
(a) elements consist of impurities — 
(b) these are mixtures of allotropes - 
(c) these are mixtures of isobars: 
(d) these are mixtures of i isotopes . 
The chemical formula of a particular compound represents, 
(a) the size of its molecule 
(b) the shape of its molecule ; 
{c) the total number of atoms ina molecule ~ eS 
(d) the number of different types of atoms in a molecule 
Which one of the following properties oF an element is not 
variable? 
(a) Valency (b) Atomic mass 
(d) All ofthese . 
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1 amu is equal to: 

(a) 1.00758 g (b) 0.000549 g 

(c) 166x 10 g (d) 602 x 10° g 
Which one of the following relationships is correct? 
(a) At. mass = 6.4 x Sp. heat, 

(b) At. mass x Sp. heat = 6.4 

(¢) At. mass x 6.4 = Sp. heat 

(d) At. mass x Sp. heat x 6.4 =.1 


A, g of an element gives A, gofi its oxide. The equivalent mass 
of the element is: 


Ay ~ Ay A, = A) 
x8 b) —*—— x8 
(a) (b) 


Bs 2 


Os x8 (d) (A, - A,)x 8 


eT: 


: ; ay, 
A, g of an element gives A, g of its chloride; the equivalent 
mass of the element is: 


x 35.5 (b) 
27 Ay ; a Ay 


(c) Ar~ AL y 355 (d) Ay AL y 586 
A 2 

Which one of the relationship is wrong? 

(a) 2 V.D. = Mol. mass 


(b) At. mass = Eq. mass x Valency 


x 35.5 


(c) At. mass = eS 
Sp. heat 
(d) Valency = Molmas 
q. mass 


In m, g ofa metal A displaces m, g of another metal B from its 
salt solution and if their equivalent masses are £, and E, 
respectively, then the equivalent mass of A can be expressed 
as: 


_m XE, _ mm 
(a) Ey a (vb) E, = My x Ey 


™ 
(d) E, = ‘ie 


2 
When the specific heat of a metallic element is 0.214 cal g™', 
the atomic mass will be closest to which one of the following? 
(a) 1 (b) 12 (c) 30 (d) 66 
Approximate atomic mass of an element is 26.89. If its 
equivalent mass is 8.9, the exact atomic mass of the element is: 
(a) 26.89 (b) 8.9 (c) 17.8 (d) 26.7 
When an element forms an oxide in which oxygen is 20% of 
the oxide by mass, the equivalent mass of the element will be: 
(a) 32 (b) .40 (c) 60 (d) 128 

0.32 g of a metal gave on treatment with an acid 112 mL of 
hydrogen at NTP. Calculate equivalent mass of the metal: 


JAMU (ngg.) 2010] 


(a) 58 (b 32 (c) 11.2 (d) 24 
(Hint: Mass of metal that displaces 11200 mL ee at STP 
wilt be its equivalent mass. 


”. Equivzient mass of metal = = x 11200 = 32] 


57. 


58. 


59. 


60. 


61. 


62. 


63. 


64. 


65. 


66. 


67. 


68. 


69. 


74.5 g of a metallic chloride contains 35.5 g of chlorine. The 
equivalent mass of the metal is: 

(a) 19.5 (b) 35.5 (c) 39.0 _(d) 78.0 

The product of atomic mass and specific heat of any element is 
a constant, approximately 6.4. This is known as: 

(a) Dalton’s law (b) Avogadro’s law 

(c) Gay-Lussac law (d) Dulong Petit’s law 

The molecular mass of chloride, MCI, is 74.5. The equivalent 
mass of the metal M will be: 


(a) 39.0 (b) 74.5 
(c) 110.0 (d) 35.5 
[Hint: Mol. mass = At. mass + 35.5 = Eq. mass x valency +35.5, 


Valency of M from the formula MC is 1] 

1 g of hydrogen is found to combine with 80 g of bromine. 1 ¢ 
of calcium combines with 4 g of bromine. The equivalent mass 
of calcium is: 

(a) 10 (b) 20 (c) 40 (d) 80 

2.8 g of iron displaces 3.2 g of copper from a solution of 
copper sulphate. If the equivalent mass of iron is 28, the 
equivalent mass of copper will be: 


(a) 16 (b) 32 (c) 48 (d) 64 
The specific heat of a metal of atomic mass 32 is likely to be: 
(a) 0.25 (b) 0.24 ~~ (c) 0.20 “(d) 0.15". 


The equivalent mass of an element is 4. Its chloride has a 
vapour density 59.25. The valency of the element will be: 


(a) 4 (b) 3 (c) 2 (d) 1 
The equivalent mass of iron in the reaction, 

3Fe + 4H,O = Fe3,0, + 4H, would be: 
(a) 21 (b) 56 (c) 42 (d) 10 


The specific heat of a bivalent metal is 0.16. The approximate 
equivalent mass of the metal will be: 
(a) 40. (b) 20 (c) 80 (d) 10 
A sample of pure calcium weighing 1.35 g was quantitatively 
converted to 1.88 g of pure calcium oxide. Atomic mass of 
calcium would be: 
(a) 20 (b) 40 (c) 16 (d) 35.5 
A metal oxide is reduced by heating it in a stream of hydrogen. 
It is found that after complete reduction, 3.15 g of the oxide 
have yielded 1.05 g of the metal. We may conclude that: 

; (MLNR 1991) 
(a) atomic mass of the metal is 4 
(b) atomic mass of the metal is 8 
(c) equivalent mass of the metal is 4 
(d) equivalent mass of the metal is 8 
Compounds with identical crystal structure and analogous 
chemical formula are called: 
(a) isomers (b) isotones 
(c) allotropes (d) isomorphous 
Which pair of the following substances is said to be 
isomorphous? 
(a) White vitriol and blue vitriol 
(b) Epsom salt and Glauber’s salt 
(c) Blue vitriol and Glauber’s salt 


(d) White vitriol and epsom salt 
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c mass of chlorine is 35.5. It has two isotopes of atomic . 


'5 and 37. The percentage of heavier jsotope i is: 

(b) 15s (ec) 20" (d) 25 

c mass of boron is 10.81. It has two isotopes with 80% 

J% abundance respectively. The atomic mass of the 

> having 80% abundance is 11.01. The atomic mass of 

ler isotope is: 

81 (b) 11.01 (c) 10.01: @ 21.82 

f chlorine combines with a metal giving 111 g of its 

ie. The chloride is isomorphous with MgCl, -6H,O. The 

; mass of the metal is: 
(b) 30 


(c) 40 (d) 69 


ipour density of a volatile chloride of a metal is 59.5 and 


uivaient mass of the metal is 24. The atomic inass of the 
at will be: 
: (b) 48 (c) 24 (d) 12 
xide of an element possesses the molecular formula, 
_ If the equivalent mass of the metal is 9, the atomic 
f the metal will be: _ ; 

(b) 18 (c) 9 (d) 4.5 
lecular mass of a compound having formula MO and 
lent mass 20 is: 


| (b) 40 (©) 28, (d) 20 
nsity of air is 0.001293 g mL’. Its vapour density is: 
3 (b) 14.3 (c) 1.43 (d) 0.143 


Divide with the density of hydrogen, ie, 0.00009 g 


f a substance when vaporised occupy a volume of 5.6 
NTP. The molecular mass of the substance will be: 

(b) 2M (c) 3M (d) 4 
apour densities of two gases: are in the ratio of 1: 3. 
molecular masses are in the ratio,of: 
3° (by) 1:2 (c) 2:3° * (dd) 3:1 
ganic compound on analysis was found to contain 
% of sulphur. The molecular mass of the tompound, if its 
ule contains two sulphur atoms, is: 
0 (b) 2000» 
‘000 (d) 200000 | 
tomic mass of an element is 27. If valency is 3, the 
t density of the volatile chloride will be: ¥ 
Fe (b) 6.675 (c) 667.5 (d) 81 


mnsity of a gas ‘A’ is three times that of a gas ‘B’. If the © 


lar mass of A is M, the molecular mass of ao is: 


r (b) M/3 ©) GM. . kaye 
B 
r density of a volatile substance is 4 in comparison to 
ae (CH, = 1). Its molecular mass will be: 
(b) 2 *() 64 (d) 128 
e the wrong statement: ; 
nole means 6.02 x 1073 particles 
olar mass is mass of one molecule 
olar mass is mass of one mole of a substance 
olar mass is molecular mass expressed in grams 
le of CO, contains: (MLNR 1990; CBSE 1993) 


Ww 1723 nenmenn nfo 


85. 


86. 


87. 


88. 


89. 


91. 


92. 


93. 


94, 


95. 


96. 


(c) 18.1 x 10° molecules of CO, 
(d) 3 g-atoms of CO, 
Which among the following is the heaviest? 
[PMT (Kerala) 2006] 
(a) One mole of oxygen 
(b) One molecule of sulphur trioxide 
(c) 100 amu of uranium 
(d) 10 moles of hydrogen 
(e) 44 g of carbon dioxide 
The largest number of molecules is in: 
(a) 28 gof CO (b) 46 g of C,H,OH 
(c) 36 gofH,O (d) 54go0fN,0, — 
Which of the following has the smallest number of molecules? 
(a) 22.4 x 10° mL of CO, gas 
(b) 22 g of CO, gas 
(c) 11.2 litre of CO, gas 
(d) 0.1 mole of CO, gas 
The number of grams of H,SO, present in 0.25 mole of H,SO, 
is: 


(a) 0.245 (b) 2.45 (c) 24.5 (d) 49.0 
Number of molecules in I litre of oxygen at NTP is: 

- 6.02 x 107 6.02 10° 
oj 0) 

ae 22.4 
32 

c) 32 x 22.4 d) —— 
) “) 22.4 


4.6 x 1077. -atoms of an element weigh 13.8 g. The atomic mass 
of'the element is: 


(a) 290 (b) 180 (c) 34.4 (d) 10.4 
The nue of molecules in 89.6 litre of a gas at NTP are: 
(BHU 1992) 


(a) 6.02 x 10? (b) 2x 6.02 x 103 
(c) 3x 602 x 10” (d) 4x 602 x 107 


The el number of protons in 10 g of calcium carbonate is: 
(CPMT 1992) 


(a) 30115: 10% (b) 15057 x 10% 
(c), 20478 x10 (d) 4.0956 x 107 
19.7 kg of gold was recovered from a smuggler. The atoms of 


‘gold recovered are: (Au = 197) 


(a) 100 
(c) 602 x 10" 


(b) 6.02 x 10” 
(d) 602 x 107 


The molecular mass of CO, is 44 amu and Avogadro’s number — 


is 6.02 x 10°°. Therefore, the mass of one molecule of CO, is: 
(a) 731x 10°23 (b) 3.65 x 103 

(c) LO1x 10°? (d) 2.01x 10° 

Equal volumes of different. gases at any detinite temperature 
and pressure have: 

(a) equal weights (b) equal masses 

(c) equal densities (d) equal number of moles 
A gaseous mixture contains oxygen and sitrogen in the rath 
1:4 by mass. Therefore, the ratio of their rem ber of 
molecules ts: 
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m will react with ethyl alcohol to give: 
.ofhydrogen (b) one mole of oxygen 

of NaOH . (d) 1/2 mole of hydrogen 
an atom of carbon is: 


(b) 199x102 g 
—(d) 1.99x 107 g 
of moles of H, in 0.224 litre of hydrogen gas at 


(MLNR 1994). 
“(by 0.1 () 0.01 —-{d) 0.001 
of 1 g helium at NTP ‘in litres is: 
(b) 0.56 - () 28° —-(d) 0.28 
s to contain 1.0 x 10” particles, the mass of one 
en is: - . . 
(b) 532g 
{d) 16.02 


f 1 litre capacity each are separately filled with 


le, O, and O;. At the same temperature and . 


-ratio of the number of atoms of these gases 
ferent flasks would be: 
1 es (b).22122:3 
3 (d) 3:2:2:1 
mperature and pressure, two flasks of egiial 
filled with H, and SO, separately. Particles which 
iumber, in the two flaskes are: 
(b) electrons 
gr.  (d) neutrons - 
a- mixture of 602 10” oxygen atoms and 
yaropen molecules at NTP is: 
(b) 33.6 litre 
(d) 22.4 litre 


of molecules: preoent in a drop of water, if its | 


)5 mL, are: 
pl ~— (b) 1.66 x 1077 
si (d) 1.66 x 104 


was ‘found to contain nitrogen and oxygen in the 
n 28 g and oxygen 80 g. The formula of the 


(b) NO; 
(d) N,O, 
t formula of a compound containing 50% of 
At. mass = 10) and 50% of aS element -Y- (At. 
5 qT 1994) 
(b) X,Y 
@) X,Y," 
ts Xx (At. mass = 75) and y (At. mass = 16) 


ive a compound having 75.8% of X. The formula a» 
rund is: vs - (MLNR 1991) 


_. (by X,Y. 
— d) X2Y; 
a certain compound was found to contain iodine 


in the ratio’ of 254: 80. The formula of the — 


: (At. mass of ] = 127, O = 16) 
(b) 1,0 
(d) 1,0, 


110. 


ill. 


112. 


113. 


A compound of aluminium and chlorine is composed of 9.0 g 
Al for every 35.5 g of chlorine. The empirical formula of the 
compound is: 

(a) AICI {b) AICI, (c) AICI, (d) AICI, 

The haemoglobin from red corpuscles of most mammels 
contain approximately 0.33% of iron by mass. The molecular 
mass of haemoglobin is 67200. The number of iron atoms in 
each molecule of haemoglobin is: 

(a) 4 (b) 3 {c) 2 (d) 1 

‘The percentage of P,O, in diammonium hydrogen phosphate, 


[ENH, ), HPO, Jis: (CPMT 1992) 
(a) 23.48 (b) 46.96 

(c) 53.78 (d) 71.00 

The percentage of nitrogen in urea (NH,CONH,), is: 

(a) 38.4 (b) 46.6 (c) 59.1 (d) 61. a. 


114. 


115. 


116. 


117. 


118. 


119. 


, 120. 


121. 


122. 


(a) HF 


The chloride of a metal has the formula MC1,. The formula of 
its phosphate is: 

(a) MPO, (b) MPO, () M PO, (d) M(PO,), 

10 g of hydrofluoric acid gas occupies 5.6 litre of volume at 
NTP. If the empirical formula of the gas is HF, then its 
molecular formula will be: (At. mass of F = 19) 

(b) HF; 

(c) HF, (d) HK, 


flint: Molecular mass = ee x 22.4 = 40] 


Calcium pyrophosphate is represented by the formula 
Ca,P,0,. The molecular formula of ferric. pyrophosphate is: 
(a) Fe,P,0, (b) FeP,O7_ 

(c) Fe(P,0;); (d) Fe,(P,0;), 

The percentage of available chlorine in a sample of bleaching 
powder, CaOCl, -2H,9, is: 


(a) 30 (b) 50 (©) 43.5 (d) 59.9 
SI unit of energy is: 
‘(ay kg m? s _. (b) kg ms? 

© kgm'st @ kg ms? 

One micro gram is equal to: ; a 

(2) 10° g = (b) 10° gg @ 10°g =) 10g 
Significant figures in 0.00051 are: > a 
(ay5 = (b) 3. (2 (d) 4 


. The number of significant figures in 6.02 x. 10° i is: 


(a) 23» by) 3 (©) 4 . (d) 26° 
Express 0: 006006 into scientific notation in three significant 


__ digits: 


© 123. 


. (a) Micron 


(a) 6.01x 10°73 (by 6.006 x 10? 

(c) 600 x 107 (d) 60x 107 

The proper value of Sens cant figures | in 38. 0+ 0.0035 
+ 0.00003 is: 
(a) 38 

(c): 38.00353 


" (b) 38.0035 
(d) 38.0 


. Which of the following is the correct unit for measuring 


nuclear radii? ae 
- (b) Millimetre 
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at to prepare 1 litre normal solution of KMnO,, how 

srams of KMnO, are required if the solution is to be 

acid medium for oxidation? 

8 g (b) 316g (c) 62g (d) 790 g 

an oxide of a metal is converted to chloride completely. 

fields 5 g chloride, The equivalent weight of metal is: 
(KCET 2002) 

25 (b) 3.325 (c) 12 (d) 20 

sr of atoms 558.5 g Fe (At. wt. of Fe = 55.85 g mol!) is: 


(AIEEE 2002) 


ice that in 60 g carbon (b) 6.023-x 10” 


f that of 8 g He (d) 5585 x 6023 x 10” 

efix 10! is: [MEE (Kerala) 2002] 
ra (b) exa (c) kilo (d) nano 

2a 


ance in density is the basis of: [MEE (Kerala) 2002] 
ra filtration 

avity separation 
mic absorption 


(b) molecular sieving 
(d) molecular attraction 


; slelds 
ctive of the source, pure sample of water aly, This is 


mass of oxygen and 11.11% mass of Kerala) 2002} 


red by the law of: ant composition 
nservation of mass (P constant volume 
tiple proportion ‘ 
y-Lussac’s, a tectron weigh one kilogram? 
lany © [IIT (Screening) 2002} 
3x 1073 (by x 10 
9.108 

3x 10" a 

( d) . Prat 
9.108 9.108 x 6.023 


he numbers: 161 cm; 0.161 cm; 0.0161 cm. The 
of significant figure for three numbers is: 


[AFMC (Pune) 2002] 
= (b) 3,3,3 (©) 3,3,4 3 3=(d) 3,4,4 
me of the following laws directly explains the law of 
ation of mass? (AFMC 2002) 


d’s rule 
gadro’s law 


(b) Dalton’s law 
(d) Berzelius hypothesis 
‘as Maximum number of atoms? 

[ILT (Screening). 2003] 
/C(2) - (b) 56 g Fe(56) 
-Al(27) (d) 108 g Ag(108) 
ich of sulphur is present in.an organic compound, if 
ompound gave 1.158 g of BaSO, on analysis? 

[PET (Kerala) 2005} 
(b) 15% » (c) 20% (d) 25% 

. of H, and 20 mL of O, react to form water, what is 
e end of the reaction? (AFME 2005) 


+, o#o#rTe wat + tres 


[PET (MP) 2002} 


137. 


138. 


139. 


140. 


41. 


142. 


143. 


The density of a liquid is 1:2 g/mL. There are 35 drops in 2 
mL, The number of molecules in one drop (melar mass of 


liquid = 70) is: 
12 i), 

(35) O(a) 

N, (d) 1.2N, 


12 
(ce) —> 
(35) 
A sample of PCl, contains 1.4 mole é the substance. How 
many atoms are there in the sample? [CEE (Kerala) 2004] 
(a) 4 (b) 5./ 4 
(c) 8431x103 (a) 372% 10° 


Slash id H,PO, in the 
i i 
The equivalent weight of »nosphoric acid M3! D4 
ene NaOH + re O, ~—> NaH,PO, + H,O1s: : 
{BHU (Pre.) 2005} 
‘ (b) 49 (c)25 > (d) 98 
(@) 3? Only one hydrogen of H;PO, is replaced, i.e, , its basicity 


mae Molecular mass 98 - 
Equivalent mass = = 


= = 98] 
Basicity ] 


5.6 g of an organic compound on burning with excess of 
oxygen gave 17.6 g of CO, and 7.2 g H,O. The organic 
compound is: [PET (Kerala) 2006] 
(a) C,H, (c) C;H,  (d) CH,;COOH 
(e) CH,;CHO 

The decomposition of a certain mass of CaCO, gave 11.2 dm° 
of CO, gas at STP. The mass of KOH required to completely 
neutralise the gas is: (KCET 2006) 
(a) 56g (b) Bg (d) 20g 


[Hint: 11.2 dm? of CO, at STP = ; mole CO, 


(b) C,Hg 


(c) 42g — 


KOH + CO, —> KHCO, 


; mole CO, will be neutralised by ; mole KOH, i.e , 28 g KOH.) 


How many moles of magnesium phosphate, Mg, (PO, )), will ~ 


contain 0.25 mole of oxygen atoms? 

(a) 0.02 (b) 3.125 x 107 
(c) 1.25x 107 (d) 2.5x 107 

[ Hint: 

«8 mole oxygen atoms are present in | mole Mg,(PO,). 


(AIEEE 2006) 


0.25 mole oxygen atoms will be present in= x 0.25 mole 


Mg,(PO,),, i.e.,3.125 x 10? mole Mg;(PO,))] 

An element, X has the following isotopic composition, 

20 X 190% 

9X 18% 

02X 2% 
the weighted average atomic mass of the naturally- occurring 
element ‘X’ is closest to : [CBSE (Med, 2007} 
(a) 201 amu (b) 202 amu (c) 199 amu_=—s (d) 200'amu 
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age atomic mass of 

| ox |+| 2 x202 | 
100 100 
pamu = 200 amu] 
statement for 14 g CO is: 
5 2.24 Lat NTP 


POds to ; mole of CO 


200 | + 


(VMMC 2007) 


PONG same mole of CO and N, 
ronds 3.91 x 1073 molecules of CO 


eek. en atoms present in 25.6 g of sucrose 
4. molar mass of 342.3 g, is: 
5 . (VITEEE 2008) 
' 59.91 x 107 
(a) 44- 423 

nber OF Mowe vr vucrage 

= Mass. jen bee 

“Molar mass 342.3 

= 0.075 


10les of hydrogen atom = 0.075 x 22 
toms of hydrogen = 0.075 x 22 x 6.023 x 10” 
=9.9 x 107] 
pied by one molecule of.waler (density = 1 g/cm?) 
[CBSE-PMT (Pre.) 2008} 
yom? (b) 5.5 x 10° cm? 
5 om? (d) 6.023 x 10°? cm? 


18 
iss Of one molecule = ——_-——-, g 
- 6,023 x 10 


=2.98 x10 g _ 
M. 298x107, 
ne molecule = — = — cm 
ensity 1 


=3x10°3 cm? ] 
ren contains as many atoms asin: (KCET 2008) 
iydrogen (b) 5 g of hydrogen 
‘ydrogen (d) 1 g of hydrogen 
3 consists of uniform cylindrical particles of 150A 


and 5000A long. The specific volume of virus is ° 


If the virus is considered to be a single particle, its 
\ass is: 
 g mol! (b) 7.90 x 10’ g mol”! 
(d) 9.70 x 10’ g mol! 
ame of single virus = nr7h 

= 3.14x (75 x 1078 x (5000 x 107°) 


= 8.836 x 107'7 cm? 


Y g mol! 


. _ "Volume 8.836 x 10° '? om? 
ingle virus = - = - m 
F Specific volume 0.75 cm? /g 
= 1178x107! g : 


ss of virus = 1.178 x 107'6 x 6.023 x 10 
= 7.09 x 10’ g mol”! J 


149. 


150. 


Common salt obtained from sea-water contains 95% NaCl by 
mass. The approximate number of molecules present in 10 g 


salt is: (DPMT 2009) 
(a) 10°! (b) 10 
(c) 10”? (d) 10% 


[Hint : Mass of NaCl in 10 g salt = lox =95g 


Nuniber-ofmolecules of NaCl = = x 6.023 x 1077 

= 978x102 ~ 107] 
10 g hydrogen and 64 g oxygen were filled in a steel vessel 
and exploded. Amount of water produced in this reaction will 


be: [CBSE (PMT) 2009] 
- (a) 3 mol (b) 4 mol 
(c) 1 mol . (d) 2 mol 
- 10 64 
Hint : =—=5 == 
ee Ra "02 "39 


151. 


3152. 


© (c) 55.75 u 


153. 


2H, + 0, —~2H,0 
Case I: If H, is completely consumed then : 
ty 30 = 5 mol 
“see IT: If O, is completely consumed then 


Per, 


ne x2=4 mol 

Since, OJ gives te. 

hence, it is limiting amount of product on complete consuenption 
equal to 4.] ser of moles of water formed will be 


An organic compound made ot ~_ 
nitrogen. What will be its molecular “and N contains 20% 
one nitrogen atom in it? jJi.contains only 


(a) 70 (b) 140 “BY 2009] 
(c) 100 (d) 65 
[Hint :% N= Mass of nitrogen %100 
: Molecular mass 
20=*4 x10 
m= 70} 


Given that the abundances of isotopes *‘Fe, **Fe and "Fe are 
5%, 90% and 5% respectively, the atomic mass of Pe is: 

(IT 2009) 
(a) 55.85 u (b) 55.95 u 


(d) 56.05 u 


x 544+ ay x 56+ : x57 
100 100 


[Hint : Atomic mass of Fe = 2 
100 


= 55.95 amu] 
The number of atoms in 0.1 mol triatomic gas is: 


(N 4 = 6.02x 10” mol) {CBSE (PMT) 2010] 
(a) 6.026x 10” (b) 1.806 x 107° 
(c) 3.6x 10” (d) 8x 10” 


[Hint : No. of atoms = 0.1x 3x 6.02 x 10”? 
= 1.806 x 1077] 


Fahy Maida Mies eases 
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questions given below may have more 
than one correct answers 


‘the following relationships are wrong? 

1= 0.1 bar (b) 1 litre =1 an” 

0.239 cal (d) teV=9.1L x 1073 

of the following numbers have same significant 


> (6) 0.60 ~~) 6.0 (d) 60 
f the following bave the same mass? 

nole of O, gas 

nole of SO, gas 

3 x 10% molecules of SO, gas 


4x10” molecules of O, gas 


4. Select the numbers with same significant figures: 
(a) 6.02 x 1077 (b) 0.25 
(c) 6.60 x 1074 (d) 1.50 
5, Which are isomorphic to each other? 
(a) CuSO,-5H,O (b) ZnSO,-7H,O 
(c) FeSQ4:7H,0 (d) FeSO,-8H,O 
6. 11.2Lofa gas at STP weighs 14 g. The gas could be: 


(a) Ny (b) CO. 
(c) NO, (d)N,0 

7, 8g 0, has same number of molecules as that in: 
(a) 14gCO (b)7gCO 
(c) 11 gCO, (d) 22 g CO, 


Assertion-Reason TYPE QUESTIONS 


e following questions, two sta~ments are given as 
A) and ‘Reason’ (R). -*9Swer the questions by 


er codes given bele- 

sth (A) and uX) are correct and (R) is the correct 
anafett 0 

th (A) and ®) are correct but (R) is ; not the. correct 
anation of (A). 

.) is correct and (R) is wrong. 

.) is wrong but (R) is correct. 

th (A) and (R) are wrong. 

O, and 1 gO, have equal number of atoms. 

3s of 1 mole atom is equal to its gram-atomic mass. 
our density of sulphur vapour relative to oxygen is 2 
ause sulphur atom is twice as heavy as that of oxygen 
ri. ; 

our density depends upon the molecular state of the 
stance in vapour state. 

vogram is equal to 1 amu. 

gram is reciprocal of Avogadro’s number. 

ole H,SO, contains same mass of oxygen and sulphur. 
ole H,SO, represents 98 g mass. 

nole oxygen and N, have same volume at same 
perature and pressure. 

ole gas at NTP occupies 22.4 litre volume at STP. 


6. (A) Empirical formula of glucose is HCHO. 
(R) Molecular formula of glucose will also be equal to HCHO. 
7. (A) The volume of | mole of an ideal gas at 1 bar pressure at 
25°C is 24.78 litre. 
(R) 1 bar = 0.987 atm. 


8. (A) Atomic weight = Specific heat (cal/mol) x 64 


‘(R) The formula is valid for metals only. 
9. (A) Number of moles of H, in 0.224 L of H, is 0.01 mol. 
(R) 22.4 litres of H, at STP contains 6.023 x 10°? mol. 
(ATMS 1996) 
10. (A) The equivalent weight of an element is variable. 
(R) The valency of an element is variable. (AHIMS 1995) 
Hi. (A) The number of significant figures in 507000 is three. 
(R) In 507000, all the zeros are significant. 
12. (A) Law of conservation of mass is invalid for nuclear fission, 
fusion and disintegration. 
(R) The law proposes that mass is neither created nor 
destroyed in a reaction. 
13. (A) Mass spectrometer is used for determination of atomic 
mass of isotopes. 
(R) Isotopes are the atoms of same element having same 
atomic number but different mass numbers. 
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3. (a) 4d 5. (a) - 6. (c) 7. (d) 8. (b) 
©), 12. (c) 13. (a) 4@ -  15.@)_ 16. (a) 
9. (a) 20. (b) 21. (b) 22.) 2.) . 24 (a) 
7. (b) 28. (d) 29, (c) 30. (a) 31. @) 32. (b) 
5. (a) 36. (a) 37. (b) 38. (a) . 39, (b) 40. (c) 
3 (b) 44. (d) 45. (d) © 46. (6) 47. ©) 48. (b) 
1. (d) 52. (b) - 53. (c) 54, (d) 55. (a) 56. (b) 
>. (a) 60. (b) 61. (b) 62.- (c) 63. (b) 64, (a) 
7. (c) 68. (d) 69. (d) 7.0) 1) 72. (c) 
S. (a) 76..(b-) 77. @d) 78. (a) 79. (a) 80. (a) 
3. (b) _ 84, (a) 85. <e) 86. (c) 87. (d) 88. (c) 
1. (d) 92. (a) 93. (d) 94. (a) 95. (d) 96. (c) 
9, (c) 100. @) 101. @) 121(b) «103. (©) 104, (d) 
7. (b) 108. (d) 109. (d) - 10.0) aa a) 112. (c)’ 
5. (c) 116. (d) ~ 117. (©) 118. (a) +19, (d) 120, (©) 
3d) «24, d) 125. (b) . 126. (a) 127. (a) ~ 128; -(b). 
. (d) 132. (b) 133.) . 134 @ 135. (€) sag. (d+) 
». (d) 140. (b) 141. (b) 142. (b) 143, (d) “444, (ay 
7, (b) 148. (a) 149, (c) . 150. (b) 151, (a) | 152. (b) 
3.(6,0c) 4. (ad) 5. (b,c) 6. (a,b) 1. (b,¢) 
REASON TYPE QUESTIONS 
(c) 4. (d) 5. (b) 6. () “9, (b) 8. (b) 


(ce). . ~~ 12. (b) 13. (a) 


ca 
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7) 2) A BRAIN STORMING: PROBLEMS | LLL LL fi 


IIT ASPIRANTS 


Y Opsective Questions] for | 


ng questions contain single correct option: 


the following table: 
npound Mass of the compound 
I. mass) ° (in grams) taken | 
CO, (44) — 44 
NO, (46) 2.3 
HO, (34) : oie 
SO, (64) 1.6 


two compounds have least mass of oxygen? 

‘ular masses of pompous are given in brackets.) 
(EAMCET 2004) 

nd IV (by: landI (c)landIt (d) Il and IV 


I. Mass of oxygen present= x 32=3.2¢ 


I, Mass of oxygen present= 2 X32=1.62 


II. Mass of oxygen present= “ x32=642 


V. Mass of oxygen present= x 32=08¢ 


1 TV have least mass of oxygen.] 


osphate of a certain metal M is M,(PO, do The correct 
a of metal sulphate would be: _ ; 

(S04); _ (b) MSO, 

(SO, ), (d) M,SO, 

rcentage of Se in peroxidase enzyme is 0.5% by mass 
> mass of Se=78.4 amu). Then, the minimum 


‘lar mass of enzyme which contains not more than one 
n is: 


38x 10* amu (b) 1.568 10’ amu 
8x 10° amu (d) 1.568 10° amu 
0.5 g Se is present in 100 g enzyme. 
: Se will be present in x 78.4 g enzyme 
= 15680 amu 


= 1.568 x 10° amu] 
mber of moles of a gas in | m° of volume at NTP is: 


(b) 0.446 — (c) 1.464 (d) 44.6 
~ Tm? = 1000L- 
1000 


nber of moles =——— = 44.6] 
22.4 


al number of electrons Present in 18 mL water (density 
Jis: 


3x 102 
3x 10° 


(b) 6.023 x 1074 
(d) 6.023 x 107! 


10. 


[Hint: Mass =18g 
Number of molecules of H,O in 18 g mass = 6,023 x 107 
Number of electrons in 18 g water = 6.023 x.107 x 10 


= 6.023 x 10% ‘ 


‘: Each molecule of water contains 10 electrons.] 


. What is the empirical formula of vanadium oxide if 2.74 g of 


metal oxide contains 1.53 g of metal? 


(a) V,0, (b) VO (c) V,05 (d) V,0, 
Liman % of V= ore 100 = 55.83 
2.74 
% Of O = 44.17 — 
Element % Atomic ratio Simplest ratio 
V 5883 0 = LI ne 
a a 1.1 
44.17 2.76 
——" = 2.76 S325 
eg mee 16 11 
“V:0=2:5 


Thus, empirical formula = V,05] 


. Number of moles of electrons in 4.2 g of N° ion (nitride ion) 


is: 


(a)3 (b) 2 (c) 1.5 (4) 42 


. The ratio of volumes occupied by 1 mole O, and 1 mole Co, 


under identical conditions of peat a and pressure is: 
(a) 1:1 (b) 1:2 (c) 1:3 (d) 2:1 

The maximum amount of BaSO, that can be obtained on 
mixing 0.5 mole BaCl, with 1 mole H,SO, is: 

(a)0.5mol  (b)0.1 mol (c) 0.15 mol (d) 0.2 mol 
[Hint: H,SO,+ BaCl, —> BaSO, + 2HCI 

0.5 mole BaCl, will react with 0. 5 mole H,SO, to give 0.5 mole 
BaSOQ,] 


If 10°! molecules are removed from 100 mg CO,, then number 
of moles of CO, left are: 


(a) 6.10« 10 
(c) 2.28 107 
[Hint: 


(b) 2.8x 10% - 
(d) 1.36 10°? 
Number of molecules in 100 mg CO, 
Mass 


= x 6,023 x 10 
Molar mass 


oh. 6.023 & 10% 
rT 


= 1.368 x 107! 
Molecules remaining = 1.368 x 10°! ~ 10?! = 0.368 x 10”! 
21 
Number of moles remaining = pose ee 6.1.x 10] 


6.023 x 107 
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on one gram ion of Al’* ion is: 


-e coulomb > x Ny X ecoulomb 


e coulomb (d)3x N, x ecoulomb 


> gram ion of Al** means one mole ion of Al*. 
mole Al** = 3 x ex N, coulomb.] 


1ass of N,O as well as CO, is 44 g mol. At 25°C 
‘essure, 1 L N,O contains 2 molecules of gas. The 
-O, molecules in 2 L under same conditions will 


n n 
(b) 2n (c) 5 (d) rr 
_is dissolved in 1 L water, The number of ions of 
~ in 1 mL of this solution will be: 
' (b) 12x 107? (c) 12x 10 ey wuz x1 
ober of moles uf NaCl 
= Mass 5.85 


aces 0.1 
Molar mass ~ 58.5 


07° 


ns (Na + CI jin 1 L 
=2x0.1x 6.023 x 10” 


= 12.046 x 107 


22. 
oe ee 12.046 x 10 


= 1.2x 107°] 

de has the formula X,0O . It can be reduced by 
give free metal and water. 0.1596 g of metal oxide 
g of hydrogen for complete reduction. The atomic 
al in amu is: 


(b) 155.8  — (c) 5.58 (d) 55.8 
0, + 3H, —> 2X + 3H,0 
nol 3 mol 
48) 6g 


1, is required by 0.1596 g oxide 
ill be required by 159.6 g oxide 
2a + 48 = 159.6 
a= 558° 
‘omic mass of metal M.] 
(PH;) decomposes to produce vapours of 
and H, gas. What will be the change in volume 
L of phosphine is decomposed? 
(b) 500 mL 
(d) — 500 mL 
PH,(g) —> P,(g) + 6H,(g) 
6 mL 


0 mL —> 25 mL 
sases by 75 mL. ] 
neutron is assumed to half of its original value, 
t of proton is assumed to be twice of its original 
ne atomic mass of ‘$C will be: 


Pc me ee. POR Le eae ee ae eee 


150 mL 


17. 


"49 


. 18. 


* 


20. 


21 


* 


|Hint: 


¢C : Number of protons = 6 


In the isotope : 
Number of neutrons = 8 
New atomic mass will be = 2 x6+5 x8=16 


a4 


% Increase in mass = 8 X 100 = 14.28% ]} 


The mass and charge of | mole electrons will be: 
(a) 1 kg; 96500 C (b) 0.55 mg; 96500 C 
(c) 1.55 mg; 96500 C (d) 5.5 mg; 96500 C 
The simplest formula of the compound containing 50% X 
(atomic mass 10 amu) and 50% Y (atomic mass 20 amu) is: 
(@) XY, ) XY ©) X¥,  @XY- 
[Hint: Element oe  mnwimicratio Simplest ratio 
x 9 Ys > =2 
10 25 
50 2.5 
Y 50 50 2.5 ae 1 


Formula = X,Y] 
Rest mass of 1 mole neutrons (m, 
(a) 1.8x 107 kg 

(c) 1.08 x 107 kg 


= 1.675 x 10°’ kg) is: 
(b) 1.008 x 10 kg 


(d) 1.008 x 10°? kg 


[Hint: Mass of 1 mole neutrons 
= 1.675x 10°? x 6.023x 10% 
= 1.008 x 10° kg] 

Loschmidt number is the number of: 


(a) molecules present in 1 mL ofa gas at STP 

(b) molecules present in 1 gram mole of a gas at STP 
(c) atoms present in 1 mL of a gas at STP 

(d) atoms present in 1 gram mole of a gas at STP 
Which of the following statements is incorrect? 


x 10-3 


108 
0 le of silver | 
(a) One gram mole of silver equals 6023 


(b) One mole of CH, and 17 g of NH, at NTP occupy same 
volume 

(c) One mole Ag weighs more than that of two moles of Ca 

(d) One gram mole of CO, is 6.023 x 10° times heavier than 
one molecule of CO, © 


-7. One atom of an element ‘X” weighs 6.664 x 107? gm. The 


number of gram atoms in 40 kg of it is: 

(a) 10 (b) 100 (c) 10000 (d) 1000 

The density of a liquid is 1.2 g/mL. There are 35 drops in 2 
mL. The number of molecules in 1 drop is (molecular weight 
of liquid = 70): 


2 
1.2 1 
(a) 35 Ny ) 6 N 
Oa @12N, 


[Roet. Volume of one drop = Z. mL 


2x2 1.2 


Number of moles in one drop = —— = 


ae 
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nolecules in one drop = fae 5X 

35) 

ne of a liquid will contain 4 mole? Molar mass of 

0 and its density is 1.4 g/mL: 
(b) 1.6L (c) 0.8L 

tx L liquid contain 4 mole of it. 
Mass 

Molar mass 


Nal 


(d)4.8x 10" L 


ber of moles = 


29, 


_ xx 1000x 1.4 


280 
_ 4x 280 


4 x 1000 
ratio of Fe’* to Fe** in a mixture of FeSO, and 
having equal number of sulphate ions in both 
| ferric sulphates is: 
(b) 3:2 
(d) none of these 
SO, —> Fe" + SOF 


=0.8L] 


30. 


O,); —> 2Fe** + 38077 
mole SO? ions are furnished by both FeSO, and 


moles of Fe** =x a 


moles of Fe** = ; x 32. 


2 
Fe :Fe™ ::x: ra 


=3:2] 
f electrons present in 3.6 mg of NHj are: 
07! (by 1.2 10° (c)1.2x 107 (d)2x 10° 
umber of electrons in one ion of NH = 10 
‘ions in 3.6 mg NH? 


_ 3.6x 10° 


x 6.023 x 10 = 1.2 10% 33. 


ber © tectrons in 3.6 mg NH* = 1.2 x 10 x 19 
=1.2x 10717 


stion 44 + 2B + 3c 5 4 4B,C3, what will be the 
“moles of product formed, starting trom one mole of 
le of B and 0.72 mole of C? 


(b) 0.3 (c) 0.24 
At 28 + 30 HA Be, 


nol 0.6 mol 0.72 moi 


34, 


(d) p33 


sent case, reactant *C” will be the limiting reactant 

will give least amount of product on being completely ; 
: , 35. 

sives | mol product, 

‘C’ will give 0.24 mol of product] 


if Na,SO,nH,0 contains 12.6 gm of water. The 


1s: 


pe ae Pa ae ate’ 


59 


[Hint: Na,SO,-nH,O 
Molar mass = (142 + 18”) 
Mass of water = ae x (142 + 18”) 


18% = ES. x (142 + 18%) 
26.8 
n= 7] 
Consider the following data: 
Element Atomic weight 
A 12.01 
Boe 35.5 


A and B combine to form a new substance X.If 4 moles of B 
combine with 1 mole of A to give 1 mole of X, then the weight 
of 1 mole of X is: 


(a) 154g  (b) 74g =. «(c) 475g —(d) 160g 
How many moles of Na” ions are in 20 mL of 0.4 MNa,PO,? 
(a) 0.008. © (b) 0.024 - (c) 0.05 (d) 0.20 
rita Novotmals ot NasbO) 2s 
1000. 1000 
= 0,008 


‘Number of moles of Na* = 3 x Number of moles of Na,PO, 


= 3 x 0.008 = 0.024] 
The element whose one atom has mass of 10.86 x 10° kg is: 
(a)boron. _— (b) calcium —(c) silver (d) zinc 
‘An electric discharge is passed through a mixture containing 
50 cc of O, and 50 cc of H,. The volume of the gases formed 
(i) at room temperature, (ii) at 110°C will be: 


(a) @) 25 ce (ii) 50 ce (b) (i) 50 cc Gi) 75 ce 
(c) @) 25 cc (ii) 75 cc (d) @) 75 ce (ii) 75 cc 
[Hint: 2H,(g)+ O,(g) > 2H,O 


50 cc H, will combine with 25 cc O, to form 50 cc H,O0 

“. O, left = 25 ce 

At room temperature, H,O will be in liquid state but at 110°C, it 
will be gaseous. Thus, volume of gases at 25°C and 110°C will be 
25 cc and 75 cc respectively. ] 

The mass of carbon present in 0.5 mole of K,[Fe(CN),] is: 
(a) 182 (b) 18 g (c) 3.6g (d) 36 g 

{Hint: 1 mole of K,[Fe(CN), ]contains 6 mole carbon, i.e ,72 g 
carbon.] 

Caffeine has a molecular weight of 194. If it contains 28.9% 
by mass of nitrogen, number of atoms of nitrogen in one 
molecule of caffeine is: 


(a)4 (b) 6 (c)2 (d)3 | 

[Hint: Mass of nitrogen in 194 amu caffeine = = x 194 
= 56amu- 

“One molecule of caffeine will contain 4 atoms of nitrogen.] 


Chlorine can be prepared by reacting HCl with MnO,. The 
reaction is represented by the equation, 


MnO,(s) + 4HCi(aq.) —> Cl(g)+ MnCl, (aq. + 2H,0(/) 


Assuming that the reaction goes to completion, what mass of 
cone. HCI solution (36% HCl by mass) is needed to produce 2.5 g 


‘eal 


36. 
37. 


38. 


39, 


40. 


41. 


42. 


43. 


44. 


45. 
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What is the mass per cent of oxygen in Al, (SO, );-18H,0? 
The molar mass of this substance is 666.43 g/mol : 
(a) 9.60 (b) 28.8 . (c) 43.2 “(d) 72 ' 
0.25 g of an element ‘M’ reacts with excess fluorine to produce 
0.547 g of the hexafluoride MF,. What is the element? 
(a) Cr (b) Mo (c)S (@ Te 
How many electrons are present in 2 x 10°? moles of '807-? 
(a) 1.2x 107) (b)9.6x 107! (c) 1.2x 107 (d) 1.9x 107 
Fluorine reacts with uranium to form UF,. 

U(s) + 3Fy(g) — UR(g) 


How many fluorine molecules are required to produce 2 mg of 
_ UK, from an excess of uranium? The molar mass of UK, is 352 


gmol”', 
(a)3.4x 10% (b)1x10° (c)2x 10" . (d) 3.4 x 107! 


What is the formula of a substance with mass percentages of 
35.79% for S, 62.92% for O and 1.13% for H? 

(a) H,SO; (b)H,SO,  (c)H38,0,  (d)H,S,0, 

In 1811, Avogadro calculated the formula of camphor by 
means of elemental chemical analysis and by measuring the 
density of its vapour. Avogadro found the dénsity to be 3.84 
g/L when he made the measurement at 210°C at 1 atm 
pressure. Which of the following is the correct formula of 
camphor? ; : 
(a) CyoHgO — () CoHgO (©) Grog, (4) Cig, 0 


(e) None of these 
(Hint: Pm = dRT ; 
es oe = 3.84 x = x 483 = 152.27 


. CygH ,O will be the correct formula.] 

A quantity of aluminium has a mass of 54 g. What is the mass 
of same number of magnesium atoms? ; 
(a) 12.1 g (b) 24.3 g (c)48.6g (d)972¢g 
When 1 L of CO, is heated with graphite, the volume of the 
gases collected is 1.5 L. Calculate the number of moles of CO 


_ produced at STP: , 
1 28 dl 14 
Pe ae oe ‘d) ——_ 
(@) 11.2 ) 22.4 ©) 22.4 ¢) 22.4 
[Hint; 


CO,(g)+ C(s) —> 2CO(g) 
I~ x z 2x 


. Total volume = 1-x+ 2x =1+ x=1.5 
x=05L 
“. Volume of CO=2x 05=1L 
1 z 
f moles of CO = —— 
Number o: males. © ve, 


Which of the following has greatest number of atoms? 

(a) 1 g of butane (C,H,9) (b) 1 g-of nitrogen (N,) 

(c) 1 g of silver (Ag) _(d) 1-g of water (H,0) 

A metal oxide has the formula M,03. It can be reduced by H, 


_to give free metal and water. 0.1596 g of M4,0, required 6 mg 


of H, for complete reduction. The atomic mass of the metal is: 
(a) 27.9 - (b) 79.8 
(c) 55.8." (d) 159.8 
[Hint: M,O, + 3H, —>» 2M+3H,0 
(2x+48)g 68 


46. 


47. 


48. 


49. 


56. 


5}. 


10 mL of mixture containing c- 


x = Atomic mass of metal 
' 0.006 g H, reduces 0.1596 g M,0, 


“. 6g H, will reduce x 6gM,0, = 159.6 M,0, 


2x + 48 = 159.6 
2x = 111.6 
x= 55.8}: 
In a compound of molecular formula 4,,8,,: 
(a) number of equivalents of 4, B and A,,B,, are same 
(b) number of moles of A, B and A,,B, are same 
(c) mx moles of A =n x moles of B = (m+ n)x moles of 
. A,B, 
(d) 2 x moles of A = mx moles of B = (m+ n)x moles of 
A,B, 
4.4 g of CO, and 2.24 litre of H, at STP are mixed in a 
container. The total number of molecules present in the 
container will be: 
(a) 6.022 x 107 (b) 12044 x 10? — 
(c) 6.023 x 1076 (d) 6.023 x 107° 
A partially dried clay mineral contains 8% water. The original 
sample contained 12% water and 45% silica. The % of silica in 
the partially dried sample is nearly: 


(a) 50% (b) 49% 
(c) 55% (d) 47% 
[Hint: Initial stage: Clay Silica Water 
43% 45% 12% 
Final stage: (92 —x) x 8% 


Ratio of silica and clay will remain constant, beforé and after 
drying. 


45 x 
43 92-x 
x = 47%] 


Which of the following is isomorphous with MgSO,-7H,O? 
(a) Green vitriol (b) Blue vitriol 

(c) Red vitriol (d) Vitriol of mass 

In the reaction; 


1 


CO + 5 0, —> C0; > 2NO © 


N, + O,- 
.oon monoxide and nitrogen 
required 7 mL oxygen to form CO, and NO, on combustion. 
The volume of N, in the mixture will be: ¢ 


(a) 72mL~ ts) 17/2mL (c) 4mL (d) 7 mL 
[Hint:  CO(g)+ 5 0,(g) —> ©O.18) 
N,(g) : as 2NO(g) 
; rere, a) 
- + y=7 ... di) 


Solving eqs. (i) and (ii), . 
x=6 -and y=4] ; 

1.44 g of titanium (Ti) reacted with excess of O, and produced 
x gm of a nonstoichiometric compound Ti, 440. The value of 


xisi is 


“*# 
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(b) 1.77 
(d) None of these 


ne reaction: 

 Ti+0, —> Ti, 40, 
les of titanium = Number of moles of Ti, 4,0, 

144 _ x 
48 48x 1.44 +16 
x=1.77 g] 

e of 75% alcohol by mass (d = 0.8 g/cm?) must be 
pare 150 ce of 30% alcohol by mass (d = 0.9 


L (b) 56.25 mL 
— (d) 33.56 mL 
V mL of alcohol was used, | 


75 ; 30 
= XV xX 0.8 = — x 150x 0.9 
100 : 100 * aaa 


V=67.5 mL] 


‘ect option 


2. (b) 3. (a) 4.) 
10. (a) 11. (d) 12. (b) 
18. (b) - 19. (d) 20. (a) 
26. (a) 27. (ce)  —28. (d) 
34. (a) «335. (b) 36. (d) 
42. (c) 43. (c) 44 (a) 
50. (c)- Si. (b) $2. -(c) 

‘e than one correct options a 
2. (c,d) 3. (a,c) 4. (a,c, d) 


Following questions may have more than one correct options: 


’ 


1, 


2. 


-6) & &) 7. (a) 


11.2 L of a gas at STP weighs 14 g. The gas could be: 
(@N,O — (b)NO,_—@)N (d) CO 

In which of the following pairs do | g of each have an equal 
number of molecules? 

(a) N,O and CO (b) N, and C,0, 

(c) N, and CO (d) N,O and CO, 

8 g of oxygen has the same number of molecules as in: 

(a) ll gCO, (b)22gCO, (c)7gCO (d)1l4gCO 


‘Which of the following has three significant figures? 
(a) 6.02 x 107 


~ (c) 6.60x 1074 


(b) 0.25 

(d) 1.50 

1 mole of '4.N*- ions contains: 

(a) 7 x 6.023 x 10” electrons (b) 7 x 6.023 x 10” protons 
(c) 7 x 6.023 x 10” neutrons (d) 14 x 6.023 x 10”? protons 
1 g atom of nitrogen represents: 

(a) 14 g nitrogen 

(b) 11.2 litre of N, at NTP 

(c) 22.4 litre of N, at NTP 

(d) 6.023 x 10° molecules of N,_ 


5 8. (a) 
13. (c) 14, (d) dS (e) «GY 
‘21. (a) 22. (d) | 23. (c) 24. (c) 
29. (a) 30. (b) "31. (d) 32. (c). 
37. (b) 38. (c)’ 39. (b) 40. (0) 
45. (c) 46. (a) 47.) 48.) 

5. (b,c). 6. (a). 
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Integer Answer 2eEe QUESTIONS 


o each of the following questions is.a 
teger, ranging from 0 to 9. If the correct 
estion numbers X, Y, Z and W (say) are 
respectively, then the correct darkening 
Il look like the given figure. 


‘ous alkane (C,H,,,5) is exploded with oxygen. The 
2 of O, used and CO, formed are in the ratio of 7 : 4. 
2 the value of n. 


C,Hope a + E + "tl, — nCO, + (n+ 1) H,0 


(n+ I) 
as 
n 4 
n=2] 


nany atoms do a mercury vapour molecule consist of, if. 


pour density of mercury vapour relative to air is 6.92? 
ic mass of mercury is 200). The average molar mass of 


9 g/mol. ; 
_ Vapour density of Hg vapour _ Molar mass of Hg 
Vapour density of air ~ Molar mass of Air 
Lc Pees 
1 29 
m = 200 g/mol 


mass is same as that of atomic mass hence mercury vapour 
4S monoatomic mercury. ] 
ole of an element contains 4.2 x 10% electrons. What i is 
mic number of the element? 
romolecule of iron has molar mass 2800 amu, it contains 
nn by mass. The number of iron atom in one formula unit 
macromolecule is: __ 
, Number of iron atoms in one formula unit of compound 
_ % y Molecular mass 8 

100» Atomic mass 100 56 
»s of ‘A’ and 10 moles of ‘B’ are mixed and allowed to 
ccording to the equation : 

| A+3B —~ 2C 

nany moles of C are present when there are 4 moles of A 
container? 
nany water molecules will be there in 3x 10° g sample 
er? 


4. (4) 


19 {fA 


7. 


10. 


11. 


12. 
13. 


14, 


5. (4) 
42 ¢* 


5 g H, is allowed to react with 14 g N, for the following 
reaction: 
N,(g)+ 3H; (g) ——> 2NH;(g) 

What mass of H, will be left unreacted at the end of reaction? 
[Hint :N, is limiting reactant, thus 14 g N, will give 17 g NH, 
and xg H, remains unreacted. 
Mass before reaction = Mass after reaction 

(5+14) I (17+x) 

x= 2g] 
Calculate the number of moies of water in 976 g BaCl, -2H,O. 
If Avogadro’s number be 3.01x 10° then the atomic mass of 
carbon will be: 
How many moles of R will be produced when 8 mol of P and 5 
mol of Q are allowed to react according to the equation : 

2P+Q-—-— >R 

The mass of 1x 10”* molecules of blue vitriol (CuSO, -xH,0) 
is 4.144 g. The value of ‘x’ will be: 

What will be the mass (in kg) of 7. a x 10° mol electrons? 
sy (Atomic weight = 108 g mol”) has a density of 10. 5 3 
3_ The number of silver atoms on a surface area of 107 
can re expressed in scientific notation as y x 10°. The value of 
xis: (UIT 2010) 

[Hint : Mass of | cm? Ag=1 x 10.5 ¢ 


Number of atoms = <. x 6.023 x10” 


10.5 V3 
Number of atoms in | cm = eR x 6.023 x 10" | 


3 
Number of atoms in | cm? = Re x 6,023 x 10 | 


Number of atoms in 10m? or 10° cm? 


3 

-[ 156 023 x 10" | x10 = 1.5x107] 
108 ; 

A student performs a titration with different burettes and finds 

titre values of 25.2 mL, 25.25 mL and 25.0 mL. The number of 

significant figures in average titre value is: (GUT 2010) 

25,2 + 25.25 + 25.0 


{Hint : Average titre value = ; 
a 2) 2 DF 58') 
3 3 


(In addition, result is reported upto least place of decimal)] 


6. (1) 7. (2) 


4a (2% 


8. 8) 


BASIC PRINCIPLES 


" 3@ LINKED COMPREHENSION TYPE QUESTIONS © 


1 


y. ‘mole’ is an essential tool for the chemical 
| is a basic SI unit adopted by the \4th general 
weights and measurements in 197\. A mole contains 
itary particles as the number of atoms present in 12g 


of a gas at STP occupies 22.4 litre volume. Molar. 


ds and liquids is not definite. Molar mass of a 
0 called gram-atomic mass or gram molar mass. The 
g of mole is plenty, heap or the collection of large 
le of a substance contains 6.023 x 10° elementary 
om or molecule. Atomic mass unit (amu )is the unit of 
g., atomic mass of single carbon is 12 amu. 

lowing questions: 


; of one amu is approximately: 7 
(b) 0.5 ¢ 
10°44 9 . (d) 3.2 104 g 


of a gas at STP are found to have a mass of 22 g. The 
r mass of the gas is: 


(b) 44. (c) 88 (d) 33 
s of one molecule of water is approximately: 
(b) 0.5 g 
10° g (d)3.2x 10 g 
ly atoms are present in 49 g of H,SO,? 
023 x 1073 (b) 5 x 6.023 x 107 
923 x 107 (d) 7x 3.02 x 107" 


s at STP contains 3 x 10” molecules. The number of 
3 in x L ozone at STP will be: 


22 (by 4.x 10? (c) 6.02 x 10” (d) 3 x 10% 


iro’s number is 1x 10” mol! then the mass of one 
xygen would be: 


nu (b) 16 x 6.02 amu 


a (d) 16 x 10°73 amu 


the Avogadro’s number then number of valence 
n48¢ of O* is 
(b) 4.2 N, 


()L6N, (d)3.2N, 


2 * 


‘he atoms of same element; they have same atomic 
rent-mass numbers. Isotopes have different number 
reir nucleus. If an element exists in two isotopes 
asses ‘a’ and ‘b’ in the ratio m:n, then average 
mXatnxb 
be —— —_-— 
m+n 


apes of same element have same position in the 
he elements which have single isotope are called 
nents. Greater is the percentage composition of an 


| ss 


<8 


Answer the following questions: 


1. 


The isotopes of chlorine with mass number 35 and 37 exist in 
the ratio of..... Its average atomic mass is 35.5. 


(a) 1:1 (b) 2:1 (c) 3:1 (d)3:2 


. Which of the following isotopes is/are used to decide the scale 


of atomic mass? 

(a) §C SC ©) "5 (d) "SN 

Atomic mass of boron is 10.81. it ie two isotopes namely 
TB and $B with their relative abundance of 80% and 20% 

jeapesively The value of x is: 

(a) 10.05 (b) 10 (c) 10.01 @ 1 10.02 

The ratio of the mass of '* atom to that of an atom of element 

X (whose atomicity is four) is 1:9. The molecula: mass of 

element X is: 

(a) 480 g mol! (b) 432 g mol! 

(c) 36 g mol! (d) 84 g mot! 

"Cand *C isotopes are found as 98% and 2% respectively i in 

any sample. Then, the number of '4C atoms in 12 g of the 

sample will be: 

(a) 1.5 mole atoms 


(c) 2.06x 107! atoms 


(b) 1.032 107 atoms 
(d) 2 g atoms 


@ Passage 3 


Empirical formula is the simplest formula of the compound which 
gives the atomic ratio of various elements present in one molecule of 
the compound. However, the molecular formula of the compound 
gives the number of atoms of various elements present in one 
molecule of the compound. 


Molecular formula = (Empirical formula) x n 
Molecular mass _ 
~ Empirical formula mass 


A compound may have same empirical and molecular formulae. 
Both these formulae are calculated by using percentage composition 
of constituent elements. 


Answer the following questions: 
1. 


* 


Two metallic oxides contain 27.6% and 30% oxygen 
respectively. If the formula of first oxide is M@,0,, that of 
second will be: 


(a) MO (b) MO, (c) M,0, (d) M,0, 

Which of the following compounds have same empirical . 
formula? © 

(a) Formaldehyde (b) Glucose 

(c) Sucrose (d) Acetic acid 


Which of the following represents the formula of’ a substance 
which contains 50% oxygen? 


(a) N,0 (b) CO, 

(c) NO, (d) CH,0H 

An oxide of iodine (J = 127) contains 25.4 g of iodine and 8 g 
of oxygen. Its formula could be: 

(a) 1,0, (b) 1,0 

(c) 1,0; (d) 1,0, 
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jrofluoric acid gas occupies 5.6 litres of volume at 
¢ empirical formula of the gas is HF, then’ its” 
formula in the gaseous state will be: 

(b) HLE, ()H3F, = (d) HE, 
"species having different percentage composition of 


JOH and C,H,,0, (b) CH,;COOH and C,H;OH 
CH, and HCOOH (d) C,H;OH and CH,OCH, 
nd of Na, C and O contains 0.0887 mol Na, 0. 132 
2.65 x 10” atoms of carbon. The empirical formula 
ypound is: ; 
(b) Na,C;0, 
Is (d) Nao oge7© 4 65. 1922 0.132 


4 


loids are extracted from the extracts of the plants 
na. Marijuana owes its activity to tetrahydro 
tich contains 70% as many as carbon atoms as 
s and 15 times as many hydrogen atoms as oxygen 
m of tetrahydro cannabinol is 0.003 18. 

lowing questions: — 

w mass of the compound is: 

u. (b)3l4amu = (c) 143 amu 
ar formula of the compound is: 
3002 (b) C,,H,,0; 
460 (d) none of these : 
of oxygen atoms in 1 mot of the’ tetrahydro 
ol is: 


(d) 341 amu 


(b) Ny (3M, DAN 
= 6.023 x 107 
ge seicotwodtion of carbon in the compound i is: 
%  (b) 70.85%  (c) 80.25%  (d) 59.64% 
5 


sity of a compound is defined as ithe ratio of mass ofa - 
of gas to the mass of the same volume of hydrogen 


tical conditions of temperature and pressure. 
_ Mass of certain volume of gas (22.4 L) at STP_ 


~ “Mass of same volume of Hy gas (22. 4 L)at STP 

Mw 
a. 
lecular mass. of gas = Vapour densityxX 2 _ 
is a unitless quantity, if is unaffected by variation of 
id pressure. seria 
lowing questions: . 
density: of a metal chloride ;is 66. Its rae contains 
tal. The atomic mass of the metal is: 


(o) 54 i (©) 27.06 —-(d)- 2.086 
. Number of equivalents = Number of equivalents, 
of metal . "of oxygen 
353 Al. 
-E 8 
E£=902 


. (a) 60 
+ Which of the following two substances have same vapour 


-, Atomic mass of metal = 


Molecular formula of metal chloride = MC\,, 

‘Molecular mass = [n x 6.02 + n x 35.5] = 132 
n=3 

3 x 9,02 = 27.06] 
The vapour density of a mixture containing NO, and N,Q, is 
38.3 at 27°C. The moles of NO, in 100 moles of mixture are: 
(a) 33.48 (b) 53.52 (c) 38.3 (d) 76.6 | 
At STP, 5.6 litre of a gas weighs 60 g. The vapour density of 
gas is: 
(b) 120 (c) 30 (d) 240 
density? 


(a) Glucose (d) Starch 


(b) Fructose (c) Sucrose - 


- Let NH,HS(s)is heated in a closed vessel to decompose. 


==" NH, (g) + H,S(g) 


The vapour density of the mixture will be: 
(a) equal to that of NH,HS 

(b) lesser than that of NH,HS 

(¢) greater than that of NH,HS 

(d) cannot be predicted 


NH,HS(s) 


® Passage ) 


Precision refers to the closeness of a set of values obtained for 
identical measurement of a quantity. Precision depends on the 
limitations of measuring devices and the skills with which it is used. 
However, accuracy refers to the closeness of a single measurement to 
its true value. 

The digits in a properly recorded measurement are known as 
significant figures. These are meaningful digits in a measured or 
calculated quantity. The greater the number of significant figures in 
a reported result, smaller is the uncertainty and greater is the 
precision. The zeros at the beginning are not counted. The zeros to 
the right of a decimal point are counted. In the numbers that do not 


contain a decimal point, 


“trailing” zeros may or may not be 


significant. The purpose of zeros at the end of a number is to convey 
the correct range of uncertainty, 
Answer the following questions: 


1. 


If repeated measurements give values close to one another, the 
number is: 

(a) surely precise (b) surely accurate 

(c) surely precise and accurate (d) all of these are correct 

The number. of significant figures in a measured number _ 
contains how many uncertain number of digits? : 
(a) Zero (b)i 

(c) 2 ’ (d) Cannot be predicted 


- Inthe number,2.4560, there are 5 significant digits. whieh one 


is the least significant digit? 


(a) 2 (b)4 (c) 0 6 


. If we add 296.2 and 2.256, we get the answer as 298.456 g. . 


The number of significant figures in the result are: _ 


~ (a) 6 (b) 5 (c)4 (d) 3 
In which of the asians numbers, all the zeros are not 
significant? ; 
fa) NO010 FERAVAA. <SOATAAI ARK VLAN AAnG 
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‘Passage lL b@© 2. (c) 3. (d) 4. (d) 5. (a) 6. (c) 7. @) 
Passage2. 1. (c) 2. (a,c) 3. (b) 4. (b) 5. (b)} a” 
Passage3. 1. (d) 2. (a, b) 3. (d) 4. (c) 5. (b) 6. (b,c) 7. (a) 
Passage 4, <1. (b)* 2. (a) Peo. 3. (a) 4. (c) ; 
Passage 5. 1. (c) 2. (c} 3. (b) 4. (a, b) 5. (b) 
Passage 6. 1. (a) 2. (b) 3. (c} 4. (c) 5. (d) 
Ce a ees Dn 
——— S 3 
===  §§ © SELF ASSESSMENT @ 
ASSIGNMENT NO. 1 
SECTION-I 8. Which one of the following is not a unit of length? 
; (a) Angstrom (b) Light-year 
Straight Objective Type Questions (c) Micron (d) Radian 
_ This section contains 10 multiple choice questions. Each 9. Unit of J pa~! is equivalent to: by 
question has 4 choices (a), (b), (c) and (d), out of which only (a) m (b) em? 
one is correct. cath (c) dm? (d) none of these 
1. Cartisone is a molecular substance containing 21 atoms of : : ; 
: 10. The relative abundance of two isotopes of atomic masses 85 
carbon per molecule. The mass percentage of carbon in 


cattisone is 69.98%. What is the molecular mass of cartisone? . 


(a) 360.4 (b) 176.5 (c) 287.6 (d) 312.8 

2. Total number of atoms present in.25 mg of camphor, C,)H;,O 
is: 
(a) 2.57x 10?! (b) 9.89 10° 
(c) 2.67 x 107! (d) 6.02 10° 

3. The oxide of a metal contains 60% of the metal. What will be 
the percentage of bromine in the bromide of the metal, if the 
valency of the metal is the same in both, the oxide and the 
bromide? 
(a) 93% (b} 87% (c} 70% (d) 77% 

4. The radius of water molecule having density 1g mL"! i 
(a) 1.925A (b)73.46A (c)19.25A (d)7.346A 

5. 3 g of an oxide of a metal is converted completely to 5g 
chloride. Equivalent mass of metal is: 
(a) 33.25 (b) 3.325 (c) 12 (d) 20 

6. Quantitative analysis of a compound shows that it contains 
0.110 mole of ‘C’, 0.055 mole of ‘N’ and 0.165 mole of ‘O”’. 
Its molecular mass is about 270. How many atoms of carbon 
are there in empirical and molecular formulae of the 


compound respectively? 
Empirical formula ‘ifitnoiiad formals 
(a) H a 
(b). nF 2 
(c) 2 6 
(d) 3 2 
7. Total number of electrons present in 11.2 L of NH, at STP is: 
(a) 6.02 x 10 (b) 3.01 x 1078 
(c) 3.01 x 1074 (d) 51x 107 


and 87 are 75% and 25% respectively. The average atomic 
mass of element is: 


(a) 86 (b)40 = (c) 85.5 (d) 75.5 
SECTION-II 


Multiple Answers Type Objective Questions 


11. 


12. 


13. 


Mass of one atom of oxygen is/are: 

(a) 16 amu (b) 32 amu 

(c)l6gm (d) 2.656 x 10°” gm 

Which of the following compounds have same peices 
composition of carbon? 

(a} C5H,.0, (b) CH,COOH 

(c)HCOOCH; (d) C.2H20i 

Which of the following is/are correct about | mole electrons? 


- (a) 6.023 x 107 electrons —(b) 5.48 x 10°” kg 


(c) 96500 coulomb charge (d) None of these 

In which of the following numbers, all zeros are significant? 
(a) 5.0005 (b) 0.0030 (c) 30.000 .  (d) 0.5200 
Which of the following are correct SI units? 

(a) Amount of substance inmol L! 

(b) Pressure of gas in pascal 

(c) Density of a solid in kg m™* 

(d) Force in newton 


-SECTION-IIl 


_ .Assertion-Reason Type Questions 


This section contains 4 questions. Each question contains 
Statement-1 (Assertion) and Statement-2 (Reason). Each 
question has following 4 choices (a), (b), (c) and (d), out of 
which only one is correct. 


1 
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16. 


17, 


18. 


19. 


Bs 
“it 
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(a) Statement-1 is true; statement-2 is true; statement-2 is a _ 


correct explanation for statement-1. 


(b) Statement-I is true; statement-2 is true; statement-2 is not - 


_ acorrect explanation for statement-1. 
(c) Statement-1 is true; statement-2 is false. 
(d) Statement-1 is false; statement-2 is true. 
Statement-1: Avogadro’ s number is a dimensionless quantity. 
Because 
Statement-2; It is a number of atoms or molecules in one 
" gram mole. 
Statement-1: An element has variable equivalent mass.. 
Because 
Statement-2: The valency of element is variable. 
Siatementts Vapour density of CH, is half of Oy. | 
Because 
Statement-2: 1.6 g of CH, contains same number of electrons 
as 3.2 g of O04. 
Statement-1: Specific gravity is dimensionless quantity. 
Because 
Statement-2: Specific gravity is relative density of a 
_ substance, measured with respect: to density of water at 4°C. 


SECTION-IV_ 


Matrix-Matching Type Questions 


This section contains 3 questions. Each question contains 
statement given in two columns which have to be matched. 
' Statements (a, b, c and d) in Column-I have to be matched with 
statements (p, q; r and s) in Column-II. The answers to these 
questions have to be aDPLOp EtY. bubbled as illustrated i in the 
following examples: 
If the correct matches are cGoe “(b-q,n: (c-p, q) and (4-4); 
then the correctly bubbled 4 x 4 matrix should be as follows: 


a 


a 


26. 


“1. (@) a 4 
9. (a) 10. (c) 11. (a, d) 12. (a, b, c) 
17. (b) 18. (c) 19. (a) 


22. (a-p) (b-p, , s) (c-r) (d-q, 8) 


20. (a-r, s) (b-1,.s) (c-p, g) (d-p, @) 


20. Match the Column-I with Column-II: ' 


Column-I- Column-ll 
(a) N, (p) 40% carbon by mass 
(b) CO (q Empirical formula CH,O 
> (ec) CoH,205 (r) Vapour density = 
(d) CH,COOH (s) 14N, (N, = 6.023 x 10”) 
electrons in a mole 
21, Match the Column-I with Column-II: 
Column-I , Column-Il. 
(a) 1L (p) 10°° N 
(b) 13 - (q) 0.2389 cal 
(c) 9.9.x 10° erg (r) 10-3 m? 
(2. “3(d) 1} Dyne |. - (s) 6.25 x 108 ev 
"22. “Match the Column-I with Column-II: 
Column-I Column-If 
(a) | g mole of O,(g) (p) mass, 32 g 
(b) 0.5 mole of SO,(g) _—_(q) mass, 24g 
(c) 1 gofHj(g) | |. (r) volume, 11.2 Lat STP 
(d) 0.5 mole of O,(g) (s) 1.5 x 6.023 x 1073 atoms 
5. (a) 6. (c) 7. (c) 8. (d) 
13. (a, b, c) 14; (a,c) 15, (b,c,d) 16. (a) 


- 21. (a-r) (b-q, s) (c-q) (d-p)—- 


2.1 INTRODUCTION 


The word atom is a Greek word meaning indivisible, ie., an 
ultimate particle which cannot be further subdivided. The idea 
that all matter ultimately consists of extremely small particles 
was conceived by ancient Indian and Greek philosophers. The 
old concept was put on firm footing by John Dafton in the form 
of atomi¢ theory which he developed in the years 1803-1808. 
This theory was a landmark in the history of chemistry. 
According to this theory, atom is the smallest indivisible part of 
-matter which takes part in chemical reactions. Atom is neither 
created nor destroyed. Atoms of the same element are similar in 


size, mass and characteristics, however, atoms of different — 


elements have different size, mass and characteristics. 

. In 1833, Michael Faraday showed that there is a relationship 
between matter and electricity. This was the first major 
breakthrough to suggest that atom was not a simple indivisible 
particle of all matter but was made up of smaller particles. 
Discovery of electrons, protons and neutrons discarded the 
indivisible nature of the atom proposed by John Dalton. 

The complexity of the atom was further revealed when the 
following discoveries were made in subsequent years: 

(i) Discovery of cathode rays. 

(ii) Discovery of positive rays. 

Gii) Discovery of X-rays. 

(iv) Discovery of radioactivity. 

1 Discovery of isotopes and isobars. 

(vi) Discovery of quarks and the new atomic model. 

During the past 100 years, scientists have made contributions 
_ which helped in the development of modem theory of atomic 
structure. The works of J.J. Thomson and Ernest Rutherford 
actually laid the foundation of the modern picture of the atom. It 
is now believed that the atom consists of several particles called 
subatomic particles like electron, proton, neutron, positron, 
neutrino, meson, etc. Out of these particles, the electron, the 
proton and the neutron are called fundamental particles and are 
the building blocks of the atoms. 


2.2. CATHODE RAYS—DISCOVERY OF 
ELECTRON > 


The nature and existence of electron was established by 


experiments on conduction of electricity through gases. In 1859, 


Julius Placker started the study of conduction of electricity 
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through gases at low pressure in a discharge tube. [A common 
discharge tube consists of a hard glass cylindrical tube (about 
50 cm long) with two metal electrodes sealed on both the ends. It 
is connected to a side tube through which it can be evacuated to 
any desired pressure with the help of a vacuum pump.] Air was 


~ almost completely removed from the discharge tube (pressure 


about 10~* atmosphere). When a high voltage of the order of 
10,000 volts or more was impressed across the electrodes, some 
sort of invisible rays moved from the negative electrode to the 
positive electrode (Fig. 2.1). Since, the negative electrode is 
referred to as cathode, these rays were called cathode rays. 


Gas at low pressure 


Cathode Anode 


Vacuum pump 


Cathode rays 


Fig. 2.1 Production cf cathode rays 


Further investigations were made by W. Crookes, J. Perrin, J.J. 
Thomson and others. Cathode rays possess the following 
gest 

i They travel in straight lines away from the cathode with 
en high velocities ranging from 10° -10!! com per second. A 
shadow of metallic object placed in the path 1 is cast ¢ on the wall 
opposite to the cathode. 

. (i) They produce a green glow when strike the. glass wall 
beyond the anode. Light is emitted when they strike the zinc 
sulphide screen. 

) They produce heat energy when they collide with the 
matter. It shows that cathode rays possess kinetic energy which is 
converted into heat energy when stopped by matter. 

(iv) They are deflected by the electric and magnetic fields. 
When the rays are passed between two electrically charged 
plates, these are deflected towards the positively charged plate. 
They discharge a positively charged gold leaf electroscope. It’ 
shows that cathode rays carry negative charge. __ 

(v) They possess kinetic energy. It is. shown by the. 
experiment that when a small pin wheel is placed in their path, 


. the blades of the wheel are set in motion. Thus, the cathode rays 


consist of material particles which have mass and velocity. 
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These particles carrying negative charge were called negatrons 
by Thomson. 
The name ‘negatron’ was changed to ‘electron’ by Stoney, 
(vi) Cathode rays produce X-rays. When these rays fall on a 
material having high atomic mass, new type of penetrating rays 
of very small wavelength are emitted which are called X-rays. 
(vii) These rays affect the photographic plate. 
(viii) These rays can penetrate through thin foils of solid 
materials and cause ionisation in gases through which they pass. 
(ix) The nature of the cathode rays is independent of: 
fa). the nature of the cathode and 
“* 6) ‘the | gas in the discharge tube. 
In 1897, J. J. Thomson determined the e/m value 


(charge/mass) of the electron by studying the deflections of 


cathode rays in electric and magnetic fields. The value of e/ mhas 


been found to be —1.7588 x 10° coulomb/g. 


[The path of an electron in an electric field is parabolic, given 
as: : 


Le 
x? j 


oe mv? 
y= deflection in the path of electron in y-direction 
e= charge on electron 
E = intensity of applied electric field 
m= mass of electron 
v = velocity of electron 
x= distance between two parallel electric plates 
within which electron is moving. 

The path of an electron in a magnetic field is circular with 

radius ‘7 given as: 


where, 


m= mass of electron 

v = velocity of electron 

e = charge on electron 

B.= intensity of applied magnetic field 

The radius of the path is proportional to momentum. ] 

By performing a series of experiments, Thomson proved that 
whatever be the gas taken in the discharge tube and whatever 
be the material of the electrodes, the value of e¢/m:is always 
the same. Electrons are thus common universal constituents of 
all atoms. 


J.J. Thomson gave following relation to calculate 
charge/mass ratio: 


where, 


e E 


m yp? 
where the terms have ysual significance given before 
=—1.7588x10!! Ckg™! 


Electrons are also produced by the action of ultraviolet light or _ 


X-rays on a metal and trom heated filaments. B-particles emitted 
by radioactive materials are also electrons. 

The first precise measurement of the charge on an electron 
was made by Rebert A. Millikan in 1909 by oil drop 
experiment. The charge on the electron was found to be 
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ee own, it was, thus, pee } 
Mass of the electron: ‘ 


= 9.1096 x 1078 g or 9.1096 x 107! kg 
This is termed as the rest mass of the electron, i. e., mass of the 
electron when moving with low speed. The mass of a moving 
electron may be calculated by applying the following formula: 


Test mass of electron 


oY 
aC 
Le 
where vis the velocity of the electron and cis the velocity of light. 


When v becomes equal to c, mass of the moving electron becomes 
infinity and when the velocity of the electron becomes greater 


Mass of moving electron = 


- than c, mass of the electron becomes imaginary. 


Mass of the electron relative to that of hydrogen atom: 


Mass of hydrogen atom = 1.008 amu 
= 1,008x 1.66x 1074 g (since 1 amu = 1.66 x 107 g) 


= 1.673x10™ g 


Mass of hydrogen atom 1.673x 10“ 
Massof the electron 9.1096 x 10-8 
= 1837 


Thus, Mass of an electron = a x mass of hydrogen atom 


= 0.000549 amu 
An electron can, thus, be defined as a subatomic particle 
which carries charge -1.60x 10°19 coulomb, ie., one unit 


negative charge and has mass 9.1 x 19°28 g,ie., wot mass of 


the hydrogen atom (0.000549 amu). 

- [Millikan’s oil drop method is used to determine the charge on 
an electron by measuring the terminal velocity of a charged 
spherical oil drop which is made stationary between two 
electrodes on which a very high potential is applied. 


Charge on an electron ‘gq’ = cnn 


@ +2) 


where, 1| = coefficient of viscosity of the gas medium 
‘0, ,02 = terminal velocities 
E = field strength 


r= radius of the oil drop = (2 a NY 5 


(f = density of oil; o = density of gas; g = gravitational force)] 
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2.3: POSITIVE RAYS—DISCOVERY OF 
PROTON 

With the discovery of electrons, scientists started looking for 
positively charged particles which were naturally expected 
because matter is electrically neutral under ordinary conditions. 
The first experiment that led to the discovery of the positive 
particle was conducted by Goldstein in 1886. He used a 
perforated cathode in the modified cathode ray tube (Fig. 2.2). It 
was observed that when a high potential difference was applied 
between the electrodes, not only cathode rays were produced but 
also a new type of rays were produced simultaneously from 
anode moving towards cathode and passed through the holes or 
canals of the cathode. These rays were termed canal rays since 
these passed through the canals of the cathode. These were also 
named anede rays as these originated from anode. When the 
properties of these rays were studied by Thomson, he observed 
that these rays consisted of positively aay particles and 
named them as positive rays. 


Perforated 
cathode 


aT AE 
tS Cathode « : ° e 
ei rays AO 2 


Cathode 


Positive 
rays 


Fig. 2.2 


The following characteristics of the positive rays were 
recognised: 

(i) The rays travel in straight lines and cast a shadow of the 
object placed in their path. 

(ii) Like cathode rays, these rays also rotate the wheel placed 
in their path and also have heating effect. Thus, the rays possess 
kinetic energy, i.e., mass particles are present. 

(iii) The rays produce flashes of light on zinc sulphide screen. 

' (iv) The rays are deflected by electric and magnetic fields in a 
direction opposite to that of cathode rays. These rays are attracted 
towards the negatively charged plate showing thereby that these 
rays carry positive charge. 

(v) These rays can pass through thin metal foils. 

(vi) These rays can produce ionisation in gases. 

(vit) These rays are eapapies 0 of producing physical and 
chemical changes. 

(viii) Positive particles in these rays have e/m values much 
smaller than that of electron. This means either m is high or the 
value of charge is small in comparison to electron. Since, positive 
particle is formed by the loss of electron or electrons, the charge 
on the positive particle must be an integral multiple of the charge 


present on the electron. Hence, for a smaller value of e/m, it is 
definite that positive particles possess high mass. 

(ix) ¢/m value is dependent on the nature of the gas taken in 
the discharge tube, i.e. spontve particles are different in different 
gases. 

Accurate measurements of the charge and the mass of the 
particles obtained in the discharge tube containing hydrogen, the 
lightest of all gases, were made by J.J. Thomson in 1906. These 
particles were found to have the e/m value as + 9579x 10* 
coulomb/g. This was the maximum value of e/m observed for 
any positive particle. It: was thus assumed that the positive 
particle given by hydrogen represents a fundamental particle of 
positive charge. This particle was named proton by Rutherford 
in 1911. Its charge was found to be equal in magnitude but 
opposite in sign to that of electron. 

Thus, proton carries a charge + 1.602 x 10-” coulomb, 
i.e., one unit positive charge. 

The mass of the proton, thus, can be calculated. 


~19 
Mass of the proton = aa 1.602x 107" 


elm  9.579x 104 
=1.672x 10 g 


or = 1.67210" kg 


1.672 x10" 
1.66 x 1074 


A proton is defined as a subatomic particle which has a mass 
nearly 1 amu anda charge of +1 unit (+ 1.602 x 107! coulomb). 
Protons are produced in a number of nuclear reactions. On the 


basis of such reactions, proton has been recognised as a 
fundamental building unit of the atom. 


RUTHERFORD EXPERIMENT— 
DISCOVERY OF NUCLEUS 

After the discovery of electron and proton, the question arose 
how these charged particles are distributed in an atom. The 


answer was given by J.J. Thomson in the form of first model of 
the atom. 


He proposed that the positive charge is spread over a sphere in 


Mass of the proton in amu = = 1.0072 amu 


_ which the electrons are embedded to make the atom as a whole 


neutral. This model was much like raisins in a pudding and is also 
known as Thomson's plum pudding model. This model was © 
discarded as it was not consistent with the results of further 
investigations such as scattering ofo-particles by thin metal foils. 
In 1911, Ernest Rutherford and his co-workers carried out a 
series of experiments using o-particles* (Fig. 2.3 and 2.4). A 
beam of o-particles was directed against a thin foil of about 
0.0004 cm thickness of gold, platinum, silver or copper 


*The radiations emitted by radioactive substances consist of o-particles. These particles are positively charged. These particles are actually helium 
atoms from which electrons have been removed. Each c-particle consists of a mass equal to about 4 times that of hydrogen atom and carries a positive 


charge of two units. It is represented by the symbol « or 4He. 


He — Het + 2e 


Helium atom 


@-particles are usually obtained from a natural isotope of polonium-214. 


a-particle 


Eiectron 
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respectively. The foil was surrounded by a circular fluorescent | 


zinc sulphide screen. Whenever an o-particle struck the screen, it 
produced a flash of light. 


- The following observations were made: | 


(i) Most of the a-particles (nearly 99%) went straight without 
suffering any deflection. 


(ii) A few of them got deflected through small angles. 
(iii) A very few (about one in 20,000) did not pass through the 


foil at'all but suffered large deflections (more than 90°) or even. . 


“came back in more or less the direction from which they have 
come, i.e€., a Rg of 180°. 


Movable § 
screen . 


é ae Gold foil 
orparticles 


‘Radioactive 
substance 


(Polonium) : 
_Lead ae 
Deflected 
a-particles 
Fig. 2.3 
Largely deflected Nucleus Slightly deflected 
' a-particles a-particles 


a-particles 
" Undeflected 
a-particies 


Slightly deflected 
a-particles 


Fig. 2.4 (a) 


’ Consider an o-particle of mass ‘m’ moving directly towards a 


nucleus with velocity ‘v’ at any given time. As this o-particle 

approaches the nucleus, its velocity and hence kinetic energy 

continues to decrease. At a certain distance 7 from the nucleus, 

the o-particle will stop and then start retracing its depicted path. 

This distance is called the distance of closest approach. At this 

distance, the kinetic energy of the o-particle is transformed into 
_ electrostatic potential energy. If Z be the atomic number of the 
nucleus, then 


Z, X 2e 


eee 1 
mp* = —— — 
2 A4NEg - % 


. recoil due to direct collision with 


1 aide 
NEy Ff 
_ 1 4Ze” 
© Ane mo? 
oe nadie (2Ze? 
‘ 4néy Ex 
where; Ex is the original kinetic energy of the a-particles. 


| 9x 10° Nm2c”? (MKS) 
ARE y 


~=1(CGS) © 
' The distance of closest approach is of the order of 107! * m. So, 


*. Electrostatic PE = 


Here, | 


’ the radius of the nucleus should be less than 107 4m 


Following conclusions were drawn from the shaves observations: 

(i). Since, most of the o-particles went straight through the 
metal foil undeflected, it means that there must be very large 
empty space within the atom or the atom is extynerdinardy 
hollow. 

(ii) A few of the wepatie were deflected from their original 
paths through moderate angles; it was concluded that whole of 
the positive charge is concentrated and the space occupied by this 
positive charge is very small in the atom. When o-particles come 
closer to this point, they suffer a force of repulsion and deviate 
from their paths. 

The positively charged heavy mass which occupies only a 
small volume in an atom is called nucleus. It is supposed to nbe 
present at the centre of the atom. 

(iii) A very few of the 
d-particles suffered strong 
deflections or even returned on 
their path ‘indicating that the 
nucleus is rigid and o-particles 


scattered —+ 


the heavy positively charged mass. 
The graph between angle of 
scattering and the number of 
Q-particles scattering in the 
corresponding direction is as 
shown in Fig. 2.4 (b). 
Information of Rutherford’s scattering equation can be 
memorised by the following relations: 
(a) Kinetic energy of a-particles: 
N=K,/[(1/2)n0?}* 
(b) Scattering angle ‘O’: 
N= K, /{sin* (6/2)] 
(c) Nuclear charge: 
N=K;(Zey 
Hes, N=Number of a-particles sting the screen and 
K,,K., and K are the constants. 


‘No. of o-particles 


—~ Scattering angle 
Fig. 2.4(b) 


MOSELEY EXPERIMENT—ATOMIC 
NUMBER 


Roentgen, in 1895, discovered that when high energy electrons in 
a discharge tube collide with the anode, penetrating radiations are 


‘produced which he named X-rays (Fig. 2.5). - 


ATOMIC.STRUCTURE 71 


Cathode rays 


Cathode : 


Defracted © Metal target 


X-rays 


Defracted unit 


Fig. 2.5 


X-rays are electromagnetic radiations of very small 
wavelengths (0.1-20 A). X-rays are diffracted by diffraction 


gratings like ordinary light. Tays and X-ray spectra are, thus,. 


‘produced. Each such spectrum is a characteristic property of the 
element used as anode. 

Moseley (1912-1913), investigated the X-ray spectra of 38 
different. elements, starting from aluminium and ending in 
gold. He measured the frequency of principal lines of a particular 
series (the o-lines in the K series) of the spectra. It was observed 
that the frequency of a particular spectral line gradually increased 
with the increase of atomic mass of the element. But, it was soon 
realised that the frequency of the particular spectral line was 
more precisely related with the serial number of the element in 
the periodic table which he termed as atomic number (Z). He 
presented the following relationship: 


Vv=a(Z-b) 
where, v = frequency of X-rays, Z = atomic number, a and b are 
constants. When the values of square root of the frequency were 


plotted against atomic numbers of the elements producing 
X-rays, a straight line was obtained (Fig. 2.6). 


10 20 30 40 


Atomic number (2) 


~ Fig. 2.6 


- van den Broek (1913) pointed out that the atomic number of 
an element is equal to the total positive charge contained in the 
nucleus of its atom. Rutherford was also having the same opinion’ 
that the atomic number of an element represents the number of 
protons in the nucleus of its atom. Thus, 

Atomic number of the element 
= Serial number of the element in periodic table 
= Charge on the nucleus of the atom of the element 
= Number of protons present in the nucleus of the 
atom of the element 
= Number of extranuclear electrons present in the . 
atom of the element 


2.6 DISCOVERY OF NEUTRON 
The discovery of neufron was actually made about 20 years after 
the structure of atom was elucidated, by Rutherford. Atomic — 


masses of different atoms could not be explained if it was 
accepted that atoms consisted only of protons and electrons. 


’ Thus, Rutherford (1920) suggested that in an atom, there must be 
. present at least a third type of fundamental particles which should 


be electrically neutral and possess mass nearly equal to that of 
proton. He proposed the name for such fundamental particle as 
neutron. In 1932, Chadwick bombarded beryllium with a 
stream of o-particles. He observed that penetrating radiations 
were produced which were not affected by electric and magnetic 
fields. These radiations consisted of neutral particles, which were 
called neutrons. The nuclear reaction can be shown as: 


3He ——> ' eC + bn 


G-particle Carbon Neutron 


$Be + 
Beryllium 


The mass of the neutron was. determined. It was 
1.675 x 10™* g, i.e, nearly equal to the mass of proton. 

Thus, a neutron is a subatomic particle which has a mass 
1.675 x 10-% g, approximately 1 amu, or nearly equal to the 
mass of proton or hydrogen atom and carrying no electrical 
charge. The e/ mvalue of a neutron is thus zero. 


27 RUTHERFORD MODEL -: 


.On the basis of scattering experiments, Rutherford proposed a 


model of the atom which is known as nuclear atomic model. 
According to this model: 


(i) An atom consists of a heavy positively charged nucleus 


’ where all the protons and neutrons are present. Protons and 


neutrons are collectively referred to as nucleons. Almost whole - 
of the mass of the atom is contributed by these nucleons. The 
magnitude of the positive charge on the nucleus is different for 
different atoms. 

(ii) The volume of the nucleus is very small and is only a 
minute fraction of the total volume of the atom. Nucleus has a 
diameter of the order of 107" to 10? cm and the atom has a 
diameter of the order of 10™° cm 

Diameter of the atom _ 10° _ 105 
Diameter of the'nucleus 19°73 — - 
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Thus, diameter (size) of an atom is 100,000 times the diameter 
of the nucleus.* 


The radius of a nucleus is proportional to the cube root of the 
number of nucleons within it. 


R=R,A"3 om 
’ where, Ry =1 33x10" cm; 4 = mass number; R = Radius of 
the nucleus. ° 

Rutherford and Marsden calculated the density of the 
hydrogen nucleus containing only one proton. 


Mass _ [4 x 1.66x 10™ g] 


~ Volume 4 
'€ 


x mR? cm? 


AX 1.66x 1074. 


aX 3.14x (1.33x 10°? > x A 


= 1.685 x 10'4 g/cm? 


(iii) There is an empty space around the nucleus called 
extranuclear part. In this part, electrons are present. The number 
of electrons in an atom is always equal to number of protons 
present in the nucleus. As the nucleus part of the atom is 
responsible for the mass of the atom, the extranuclear part is 
responsible for its volume. The volume of an atom is about 10° 
times the volume of the nucleus. 

Volume of the atom _ do*%y? 10°74 | 

(iv) Electrons revolve round the nucleus in closed orbits with 
high speed. The centrifugal force acting on the revolving 
electrons is being counterbalanced by the force of attraction 
between the electrons and the nucleus. 

This model was similar to the solar system, the nucleus repre- 
senting the sun and revolving electrons as planets. The electrons 
are, therefore, generally referred to as planetary electrons. 


Volume of the nucleus 


Dissimilarities between Nuclear Atomic Model and 
Solar System 


(i) The sun and the planets are very big bodies and uncharged 
while the nucleus and electrons are very small objects and charged. 

(ii) The revolution of the planets in the solar system is 
governed by gravitational forces, while the revolution of 
electrons around the nucleus is governed by electrostatic forces. 


(iii) In the solar system, there is only one planet which 
revolves in any particular orbit, but in the nuclear atomic model 
more than one electron may rotate in any particular orbit. 


Drawbacks of Rutherford Model 


(i) According to classical electromagnetic theory, when a 
charged particle moves under the influence of attractive force, it 
loses energy continuously in the form of electromagnetic 
radiations. Thus, when the electron (a charged particle) moves in 
an attractive field (created by protons present in the nucleus), it 
must emit radiations. As a result of this, the electron should lose 
energy at every tum and move closer and closer to the nucleus 
following a spiral path (Fig. 2.7). The ultimate result will be that 
it will fall into the nucleus, thereby making the atom unstable. 
Bohr made calculations and pointed out that an atom would 
collapse in 10° seconds. Since, the 
atom is quite stable, it means the 
electrons do not fall into the nucleus, 
thereby this model does not explain 
the stability of the atom. 

(ii) If the electrons lose energy 
continuously, the observed spectrum 
should be continuous but the actual 
observed spectrum consists of well 
defined lines of definite frequencies. 
Hence, the loss of energy by the 
electrons is not continuous in an atom. 


Nucleus 


Electron 
Fig. 2.7 
2.8: ELECTROMAGNETIC RADIATIONS 


These are energy radiations which do not need any medium for 
propagation, e.g., visible, ultraviolet, infrared, X-rays, y-rays, 
etc. An electromagnetic radiation is generated by oscillations of a 


. charged body in a magnetic field or a magnet in an electrical 


field. The frequency of a, wave is the frequency of oscillation of 
the oscillating charged particle. These radiations or waves have 
electrical and magnetic fields associated with them and travel at 
right angle to these fields. The following are thus the important 
characteristics of electromagnetic radiations: 
@ = All electromagnetic radiations travel with the velocity of 
light. : 
@ These consist of electric and magnetic fields that oscillate 
in directions perpendicular to each other and perpendicular 
to the direction in which the wave is travelling. 


|y-Rays 01-001 3x10" - 
' 8. | Cosmic rays. :0.01—Zero , 3 x 10°°-Infinity 


Frequency (Hz) Source 
1. | Radio wave 3x 104-3 x10? 1x 10°=1x 10° Alternating current of high frequency 
2. |Micro wave 13x10’ -6 x16 1x 10-5 x 10!! Klystrontube 
3. | Infrared (IR) 6 x 10°— 7600 5x 10'! ~3.95 x 10!° Incandescent objects 
4, |Visible © 7600-3800 3.95 x 10'6-~7.9 x 104 Electric bulbs, sun rays 
5, | Ultraviolet (UV) 3800-150 7.9x 104-2 x 10!% Sun rays, arc lamps with mercury vapours 
6. |X-Rays 150-0.1 2x 10'°-3 x10” Cathode rays striking metal plate 
7.- 3x10” Secondary effect of radioactive decay 


Outer space 


*The diameter of various atoms lies in the range of 0.74 to 4.70 A (1 A = 10° cm). 


_ ATOMIC STRUCTURE 73 


, 


A wave is always characterized by the following six 
characteristics: 

(i) Wavelength: The distance between two nearest crests or 
nearest troughs is called the wavelength. It is denoted by A 
(lambda) and is measured in terms of centimetre (cm), angstrom 
(A), mi¢rometre (4m) or nanometre (nm). 


Crest Wavelength 


Vibrating 


source Energy 


Trough 


1A =10% cm=107 m 
ium = 104 cm=10% m 
inm=1077 cm=10° m 
1om=10° A =10* um=107 nm 
(ii) Frequency: It is defined as the number of waves which 
pass through a point in one second. It is denoted by the symbol 
v (nu) and is measured in terms of cycles (or waves) per second 
(cps) or hertz (Hz). 
Av = distance travelled in one second . 
= velocity =c 
c 
or v=— 


(iii) Velocity: It is defined as the distance covered in one second 
by the wave. It is denoted by the letter ‘c’. All electromagnetic 
waves travel with the same velocity, i.e. ,3 x 10!° cm/sec. 

Av= 3x 10!° . 

Thus, a wave of higher frequency has a shorter wavelength 
while a wave of lower frequency has a longer wavelength. 

(iv) Wave number: This is the reciprocal of wavelength, 
i.e.,the number of wavelengths per centimetre. It is denoted by 
the symbol ¥V (nu bar). 


v= 


Pall 


It is expressed in cm™! or m™. 


(v) Amplitude: It is defined as the height of the crest or 
depth of the trough of a wave. It is denoted by the letter ‘a’. It 
determines the intensity of the radiation. 

The arrangement of various types of electromagnetic radiations 
in the order of their increasing or decreasing wavelengths or 
frequencies is known as electromagnetic spectrum. — 


’ bd Fi 
v =3x10" (cycle/sec) ——-» 3 x 102" 


Wavelength 
(em) = 109 a 10711 
é 
= ; 
# 3 wn cae] ne : 
Low energy oz] w! | High energy 
Low frequency | 35 =| a S| High frequency 
Long wavelength Qa 2 a z | Short wavelength 
4 hb & 2A 
eS > 2 


(vi) Time period: Time taken by the wave for one complete 
cycle or vibration is called time period. It is denoted by 7. 


rss 
Unit: Second per cycle. 
29 EMISSION SPECTRA—HYDROGEN 
SPECTRUM 


Spectrum is the impression produced on a screen when radiations 
of particular wavelengths are analysed through a prism or 
diffraction grating. It is broadly of two types: 

(i) Emission spectra (ii) Absorption spectra. 


Difference between Emission and Absorption Spectrum 


Emission spectrum Absorption spectrum 


1. It gives bright lines (coloured) 
on the dark background. 


2. Radiations from emitting 
source are analysed by the 
spectroscope. 


It gives dark lines on the bright 
background. 


It is observed when the white 
light is passed through the 
substance and the transmitted. 
radiations are analysed by the 
spectroscope. 


3. It may be continuous (if source 
emits white light) and may be 
discontinuous (if the source 
emits coloured light). 


These are always disconti- 
nuous. 


Emission spectra: It is obtained from the substances which 
emit light on excitation, i. e., either by heating the substances on a 
flame or by passing electric discharge through gases at low 
pressure or by passing electric current discharge through a thin 
filament of a high melting point metal. Emission spectra are of 
two types: 

(a) Continuous spectra and (b) Discontinuous spectra. 

(a) Continuous spectra: When white light is allowed to pass 
through a prism, it gets resolved into several colours (Fig. 2.8). 
The spectrum is a rambow of colours, i. e., violet merges into blue, 
blue into green, and so on. This is a continuous spectrum. 
| Ultraviolet 
Violet 4000 A 
| Indigo 
Blue 
Green 
| Yellow 
4 Orange 
Red 6500 A 


Narrow beam 
of white light 


Infrared 


Continuous 
Fig. 2.8 Continuous spectrum of white light 
(b) Discontinuous spectra: When gases or vapours of a 
chemical substance are heated in an electric arc or in a Bunsen 
flame, light is emitted. If a ray of this light is passed through a 
prism, a line spectrum is produced. This spectrum consists of a 
limited number of lines, each of which corresponds to a different 


74 . G.R.B. PHYSICAL CHEMISTRY FOR COMPETITIONS 


wavelength of Heht. The line spectrum of each element is unique. 
Hydrogen spectrum is an example of line emission spectrum or 
atomic emission spectrum. 

When an electric discharge is passed through hydrogen gas at 
low pressure, a bluish light is emitted. When a ray of this light is 
passed through a prism, a discontinuous line spectrum of several 

- isolated sharp lines is obtained. The wavelengths of various lines 
show that these lines lie-in visible, ultraviolet. and infrared 
regions. All these lines observed in the hydrogen spectrum can be 
classified into six series. 


Appearing in 


Spectral series . Discovered by 

Lyman series _ Lyman Ultraviolet region 
Balmer series _ Balmer Visible region 
Paschen. series Paschen Infrared region 
Brackett series _ Brackett Infrared region 
Pfund series Pfund © " Infrared region 
Humphrey series Humphrey Far infrared region 


Ritz presented a mathematical formula to find’ the 
wavelengths of various hydrogen lines. 


yale tea 


Where, Risa universal constant, known as Rydberg constant. Its 
value is 109,678 cm”, n, and n, are integers (such that n. > m,). 


For a given spectral series, n, remains constant while n, varies 


from line to line in the same series. 


The value of n, =1,2,3,4 and 5 for the Lyman, Balmer, 
Paschen, Brackett and Pfund series respectively. n. is greater 
than n, by at least 1. 


Values of n, and 7, for various series 


Spectral series Value of n, - Value of n, 
Lyman series | 25.354, 520% 
Balmer series ; 2 3,4, 5,6,... 

-Paschen series 3 4,5,6,7,... 
Brackett series 4 5, 6, 7, 8,... 
Pfund series 5 6,7, 8,9,... 


Red _ . Blue-Green 


indigo Violet 
6563 | ' 4340 4102 


Fig. 2. 9 (a), Balmer series In the finer spectrum 


Lyman series: V = . =RZ? : a 4| 


Ny = 2, 3,4,5,... 
Obtained in emission as well as in absorption spectrum ratio 
of m™ ton" wavelength of Lyman series. 


te (met) (n+l)? -1 
hy (n+l) |@m+1)?-1) 
Balmer series: Vals wz*|4-4| 


2? ni 


Ny = 3,4, 5,6,..: 
- Obtained only in emission spectrum. 


Paschefi series: V= i = RZ? s _ 4| 7 


» 


Brackett series: V = i. RZ? ae 
r Y nw 
5 


Ny =o, 6, 7, 8, 
Pfund series: gate pz? eee 
ny 5? n 


. Ny = 6,7,8,9,... ; 
Note : (i) Atoms give line spectra while molecules give band spectra. 


(ii) Balmer, Paschen, Brackett, Pfund series are found i in 
_ emission spectrum. 


H, (First line) 
Hg (Second line) 
H, (Third line) 


Hs (Fourth line) 


(Above four lines were viewed in Balmer series by naked eye.) 


Absorption Spectrum : Suppose the radiations from a conti- 
nuous source like a hot body (sun light) containing the quanta of 
all wavelengths passes through a sample of hydrogen gas, then 
the wavelengths missing in the emergent light give dark lines on 
the bright background. This type of spectrum that contains lesser 


ae l T]_5R i = 6563 A (Red) 
Vo —=Rj| ~---— | =— 

fy hy 22098 |. 36 
sock sei. Tl 23k 4. = 4861 A (Blue-Green) 
V=—=R|-—-- |=— ; 

r 2? 47] 16 : a 
es Se E | 21R 4=4340A (indigo) 
v=—=R| -—---— | = ; . 

a 12? 51 100 an 
va i-R|5-3|-e 4 = 4102 A (Violet) 


number of wavelengths in the emergent light than in incident 
light is called absorption spectrum. 

Let the radiations of wavelengths ,,A2,A3,A4,A5 are 
passed through the sample of hydrogen gas such that A, and A, 
are absorbed then the absorption spectrum may be represented as: 
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‘Sample 
of © 


Hydrogen 


Fig. 2.9 ) Absorption Spectrum 


2.10: QUANTUM THEORY OF RADIATION 


The wave theory successfully explains. many properties of 
electromagnetic radiations such as reflection, refraction, diff- 
raction, interference, polarisation, etc., but fails to explain some 
phenomena like black body radiation, photoelectric effect, etc.” 

In order to explain black body radiation and photoelectric 
effect, Max Planck in 1901 presented a new theory which is 
known as quantum theory of radiation. According to this 
theory, a hot body emits radiant energy not continuously but 
discontinuously in the form of small packets of energy called 
quantum (in plural quanta). The energy associated with each 
quantum of a given radiation is proportional to the frequency of 
the emitted radiation. 

Bev 

Or E = hv where, A is a constant known as Planck’s constant. Its 
numerical value is 6.624 x 10°*’ erg-sec. The energy emitted or 
absorbed by a body can be either one quantum or any whole 
number multiple of Av, i.e., 2hv, 3hv, 4hv,...,nhv quanta of 
energy. \ : 

Thus, energy emitted or absorbed = nkv, where n can have 
values 1, 2, 3, 4,.... Thus, the energy emitted or absorbed is 
quantised. - 

In 1905, Einstein pointed out that light can be supposed to 


consist of a stream of particles, called photons. The energy of . 


each photon of light depends on the frequency of the light, 
ie.,E=hv. Energy is also related according to Einstein, as 
E = mc* where mis the mass of photon. Thus, it was pointed out 
that light has wave as well as particle characteristics (dual 
nature). 


»92e0e 
ee 7) 


Example 1. How many protons, electrons and neutrons 


are present in 0.18 g is P? 
Solution: No. of protons in one atom of P 
= No. of electrons in‘one atom of P=15 
No. of neutrons in one atom of P= (A — Z )= (30- — 15 


0.18 opis UNS LG 006 m 
30 


No. of atoms in 0.006 mol = 


0.006 x 6.02 x 107° 
No. of f protons in 0.006 mol j5P = 15 x 0.006 x 6.02 x 10 
= 5.418 x 10” 
So, No. of electrons = 5.418 x 10” 
and No. of neutrons = 5.418 x 1072 


Example 2. Calculate the (frequency and w wave number of 
radiation with wavelength 480 nm. | 


Solution: Given, 


“2. = 480nm = 480x107 m 


[-1nm = 10° m] 
c=3x10° m/sec ~ 


8 
Se re = 62510" go 
X% 480x107? m 


= 6.25 x 10'* Hz 


.. Example3. Calculate the energy associated with photon 
of light having a wavelength 6000 A. ie a x 10°? erg-sec. 7] 


We know that, E = i= =h- a 


Breauency, 


Solution: 


h = 6624x107" ergsec; c= 3.x 10'° cm/sec; 
4. =.6000A = 6000 x 10° em 


(6.624 x 1077 )x (3x 10!) 


So, E=- = 3.312x 10? er, 
6x 10° oi 


. Example 4. Which has a higher energy, a photon of violet 
light with wavelength 4000 A or a-photon of red light with 
wavelength 7000 A? [h = 6.62x 1074 Js] 


Solution: We know that, E = hv = h- ; 


h=662x104 Js, c=3x108 ms? 


For a photon of violet light, 
A= 4000A = 4000x107"? m 


3x10° 


Given, 


E=6.62x 10 x = = 4.96 x 107175 
For a photon of red light, 
4 =7000A = 7000x107! m 
: 
E =6.62x 10 x eis eae =2.83x 105 
: 7000 x 10°'° 


Hence, photon of violet light has higher energy than the 
Sages of red light. 


- Example5. What is the ratio between the energies of two 
radiations one with a wavelength of 6000 A and other with 
2000 4A? . ; 


Solution: A, = 6000A and 2, = 2000 


E, =h- and Ey = he 
| x, . : 
Ratio, Ey _ heey Ap Ay _ 200011 
E, kh, hee >’, 6000 3 


or E, = 3E, 


a -Example 6. Calculate the wavelength, wave number and 
frequency of photon having an energy equal to three electron 
volt. (h = 6.62x 10" erg- sec.) 
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Solution: We know that, 
E=h-v 
var (leV =1.602x 107” erg) 


= 3X 0.602107) 4 96x 10! 5“! = 7.26% 10" Hz 


6.62102” 
10 
= £2 3X 4132 10° cm 
Vv 7.26x10! 
Vara > = = 2.42104 cm7 
. x 107 


Example 7. Calculate the energy in kilocalorie per mol of. 


the photons of an electromagnetic radiation of wavelength. 
7600 A. . 


Solution: 2 =7600A = 7600x107 cm 
c=3x10" cms! 
10 
Frequency, Vv = fe ae = 3,947x 10'4 57) 
. 7600 107 


Energy of one photon = hy = 6.62 x 10°? x 3.947 x 10"4 
=2.61x 10"? erg 
Energy of one mole of photons = 2.61 x 107"? x 6.02 x 107 
= 15.71x10!! erg 
Energy of one mole of photons in kilocalorie 
_ 15.71x 10"! 


~ 4.185x 10! 
= 37.538 kcal per mol 


Example 8. Electromagnetic radiation of wavelength 
242 nm is just sufficient to ionise the sodium atom. Calculate the 
ionisation energy in kJ mol ™' ,h = 6.6256 10™™ Js. ar 1992) 


[1 kcal = 4.185 x10! erg] 


solut = 2=242nm=242x10° m 


c=3x 10° ms! 
3x 108 
242x 10° 
= 0.082 x 1077 J= 0.082 x 10°? kJ 
Energy per mole for ionisation = 0.082 x 10°*° x 6.02 x10” 
= 493.6kJ mol” 


Example 9. How many photons of light having a 
wavelength 4000 A are necessary to provide 1.00 J of energy? 


E= hy= h-~ = 6.6256x10™ x 


Solution: Energy of one photon 


=hv=h-= 
r 


(662. 104 )(3.0 x 108 ) 
. 4000 x 107° 
=4965x10 J 


1.00 
4.965 x107!9 


Example 10. Find the number of quanta of radiations of 
frequency 4.67 10" s“', that must be absorbed in order to melt 


5 g of ice. The energy required to melt 1g of ice is 333 J. 
Solution: Energy required to melt 5 g of ice 


= 5x 333= 1665) 
Energy associated with one quantum 
= hv = (6.62 x 104 ) x (4.67 10° ) 
= 30.91x 107! J 
Number of quanta required to melt 5 g of ice 
= §3.8x 10"! 


Number of photons = =2.01x10"8 


~ 30.91x 107! 

= 5:38x 10” 
».. Example 11. Calculate the wavelength of the spectral line, 
when the electron in the hydrogen atom undergoes a transition 


from the energy level 4 to energy level 2. . 
Solution: According to Rydberg equation, 


1 11 
Bay + pekcee a 
A a | 


R=109678cm"™!; 


= 109678x = 
16 


On solving, A = 486 nm 
Example 12. 4 bulb emits light of wavelength 2. = 4500 A. 
The bulb is rated as 150 watt and 8% of the energy is emitted as 
light. How many photons are emitted by the bulb per second? 
(IET 1995) 
Soluxion: Energy emitted per second by the bulb 


=150x—°_3 
100 


he 6.62610 x 3x 10° 
Energy of 1 photon = — = ————___-___—_ 
x 4500 x 107": 


= 4,42 107! joule 
Let n photons be evolved per second. 


nX 442x107 =150x 2 
100 


n= 272x108 


Example 13. A near ultraviolet photon of 300 nm is 
absorbed by a gas and then remitted as two photons. One photon 
is red with wavelength of 760 nm. What would be the wave 
number of the second photon? 

Solution: 

Energy absorbed = Sum of energy of two quanta 

he the he 


300x10 760x10 -2x10° 
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On solving, we get, 


V (wave number) = . = 2.02x 10° m! 


Example 14. Calculate the wavelength of the radiation 


which would cause the photodissociation of chlorine molecule if . 


the ClI—Cl bond energy is 243 kJ mol“. 
Solution: Energy required to break one Cl—Cl bond 
Bond energy per mole 
7 Avogadro’ s number 
243 243 x 10° 
CT eT 
6.023 x 10 6.023 x 10° . 


Let the wavelength of the photon to cause rupture of one 
Cl—Cl bond be A. , 


We know that, 
4 = he _ 8:6 10°**.x 3x 108 x 6.023 x 10” 
E 243 x 10° 


= 490x107’ m= 490 nm 


Example 15. How many moles of photon would contain 
sufficient energy to raise the temperature of 225 g of water 21°C 
to 96°C? Specific heat of water is 4.18 J g~' K ~ and frequency 
of light radiation used is 2.45x 10° 57. 

Solution: Energy associated with one mole of photons 
=Ny Xhxv 
= 6,02 x 107 x 6.626 1074 x 2.45 x 10° 
= 97.727x 107 Jmol"! 
Energy required to raise the temperature of 225 g of water by 
75°C =mxsxt 
= 225 x 4.18 x 75= 70537.5J . 


Hence, number of moles of photons required 
= mst _ _10837° _ =7.2210* mol 
Nohv 97.727 x 107 
-.. Example 16. During photosynthesis, _ chlorophyll-a 
absorbs light of wavelength 440nm and emits light of wavelength 
670nm. What is the energy available for photosynthesis from the 
absorption-emission of a mole of photons? 


Solution: ag =|] : al 
r absorbed r evolved 


= Nhe | 1 = a 
A absorbed r evolved 


= 6.023 x 107 x 6.626 x 1074 x 


8 1 1 
5210 a ae 
las 10° 670x =| 
= 0,1197[2.272 x 10° — 1.492 x 10°] 
= 0.0933 x 10° J/ mol = 93.3 kJ / mol 


Example 17. Photochromic. sunglasses, which darken 
when exposed to light, contain a small amount of colourless 
AgCl(s) embedded in the glass. When irradiated with light, 
metallic silver atoms are produced and the glass darkens. 


AgCl(s) —~ Ag(s)+ Cl 
Escape of chlorine atoms is prevented by the rigid structure of 
the glass and the reaction therefore, reverses as soon as the light 
is removed. If 310 kJ / mol of energy is required to make the 
reaction proceed, what wavelength of light is necessary? 
Solution: Energy per mole = Energy of one Einstein 


i.e.,energy of one mole quanta 
_ Nhe 


r 


23 ~34 8 
TOE i ena aS 


r 
d= 3.862x 1077 m= 3862x107 m= 3862A 


{LUSTRATIONS. OF OBJECTIVE QUESTIONS | 


1. The Reaeaey of the radiation having wave number 10 m7? is: 


(a) 1057 (b) 3x10’ s? 
(c)3 x10! gs (d)3x10? st : 
[Ans. (d)] : 
[Hint: Vv = 
x 
vedas =3x10® x10=3x10" s7] 


2. The energy of a photon of radiation having wavelength 
300 nm is: 


(a) 6.63 x 10°? J 
(c) 6.63 x 10°78 J 
[Ans. (b)] 


(b) 6.63 x 10°" J 
(d) 6.63 x 107'7 J 


pa he. 6.626 x10 x3 x 108 
iN 300 x 10° 

3. The maximum kinetic energy of the photoelectrons is found 
to be 6.63 x 10° J, when the metal is irradiated with a 


radiation of frequency 2 x 10!° Hz. The threshold frequency 
of the metal is about: 


[Hint: = 6.63 x10? J] 


(a) 1x 10'° gs! (b) 2x 108 s7 
(c) 3x 105 s7 (d) 15x 10s 
[Ans. (a)] . 
[Hint: KE=h(v — v9) 

Re Poe 

h 

19 
=2x 19! —9:63%x10 nay igt 37] 


6.63 x 10-4 


4. The number of photons of light having wavelength 100 nm 
which can provide 1 J energy is nearly: 


(a) 10’ photons (b) 5 x108 photons 
(c) 5x 10!” photons (d) 5x 10’ photons 
[Ans.  (c)] 
[Him: ga the 
a 
EX 1x 100 x 10 
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§. The atomic transition gives rise to the radiation of frequency 
(10* MHz). The change in energy per mole of atoms taking 
place would be: . 
(a) 3.99 x 10° J 
(c) 662 x 104 J 


(b)3.99F 
(d) 662x107" J 


[Ans. (b)] 

{[Hint: E=Nhv.. : 
= 6.023 x 107 x 6.626 x 1074 x 10* x 10° 
= 3.99] 


14, BOHR’S ATOMIC MODEL 


To overcome the objections of Rutherford’s model and to explain 
the hydrogen spectrum, Behr proposed a quantum mechanical 
model of the atom. This model was based on the quantum theory 
of radiation and the classical laws of physics. The important 
postulates on which Bohr’s model is based are the following: 

(i) The atom has a nucleus where all the protons and neutrons 
are present. The size of the nucleus is very small. It is present at 
the centre of the atom. 

(ii) Negatively charged electrons are revolving around the 
nucleus in the same way as the planets are revolving around the 
sun. The path of the electron is circular. The force of attraction 
between the nucleus and the electron is equal to centrifugal force 

-of the moving electron. 


Force of attraction towards nucleus = centrifugal force 


(iii) Out of infinite number of possible circular orbits around 
the nucleus, the electron can revolve only on those orbits whose 


: a : hy, 
angular momentum* is an integral multiple of an? i.e, 
Tt 


h : 
aaa re where m=mass of the electron, v= velocity of 
41% . 


electron, r= radius of the orbit and n= 1 2, 3,..: number of the 


orbit. The angular momentum can have values such as, 
h : : 

—— ome go LC., but it cannot have a fractional value. Thus, the 
2m 2m Qn . ‘ : 

angular momentum is quantized. The specified or circular orbits 
(quantized) are called stationary orbits. 


(iv) By the time, the electron remains in any. one of the | 


stationary orbits, it does not lose energy. Such a state is called 
ground or normal state. 

In the ground state, potential energy. of electron will be 
minimum, hence it will be the most stable state. 

_(v) Each stationary orbit is associated with a definite amount 
of eriergy. The greater is the distance of the orbit from the 
nucleus, more shall be the energy associated with it. These orbits 
are also called energy levels and are numbered as 1, 2, 3, 4, .... or 
K,L,M,N, ... from nucleus outwards. _- AAS 


Le, E, <E, <E, <E, see , 
(E, ~ E, )> (Ey — E,)> (4 -E3)... 


(vi) The emission or absorption of energy in the form of 
radiation can only occur when an electron jumps from one 
stationary orbit to another. 


AE = Evin ~ Bow = hv 
Energy is absorbed when the electron jumps from inner to outer 
orbit and is emitted when it moves from outer to an inner orbit. 
‘ zs i aS 


Electrons excited 
by absorbing 
energy 
(Energy absorbed) 


Energy radiated 
when electrons 
fall back 
(Energy emitted) 


Fig. 2.10 


When the electron moves from inner to outer orbit by 
absorbing definite amount of energy, the new state of the electron 
is said to be excited state (Fig. 2.10). 

Using the above postulates, Bohr calculated the radii of 
various stationary orbits, the energy associated with each orbit 
and explained the spectrum of hydrogen atom. 

Radii of various orbits: Consider an electron of mass ‘m’ 
and charge ‘e’ revolving around the nucleus of charge Ze 
(Z = atomic number). Let ‘v’ be the tangential velocity of the 
revolving electron and ‘7’ the radius of the orbit (Fig. 2.11). The 
electrostatic force of attraction between the nucleus and electron 


2 
(applying Coulomb’s law) = Mes = Ke 


ae r 


Centrifugal 
force 


Coulombic 
force 


Fig. 2.11 


*Angular momentum = Io, where, /£ moment of inertia and © = angular velocity; 


v e : ? } ; v 
«= — , where, v = linear velocity and r= radius; and J = mr. So angular momentum = mr? - — = mor. 
r : ; r 
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where, & is a constant. It is equal to 


as ,€) being absolute 
ANE, 


permittivity of medium. In SI units, the numerical value of 


TE 9 
is equal to 9x 10° Nm? /C?. 
[Note: In CGS units, value of k is equal to 1.] 
_ As force of attraction = centrifugal force 
kZe* mo? rae kZe” 
So, = or 2 
r r rm 
2 1 Ze? 
= — ...@ 
4nE rm 
According to one of the postulates, 
Angular momentum = mor =n ra 
mT 
or el .. di) 
2nmr 
"Putting the value of ‘v’ in eq. (i), a 
2 2,2 
nh? _ kZe ise nh = kZe? 
An? m*> a mr 4x? mr 
n*h? 
or r= Peery wclele (iii) 
An“ mkZe 


Greater is the value of ‘7’, larger is the size of atom. On the 
other hand, greater is the value of ‘ Z’, smaller is the size of the 
‘atom. Across a period from left to right, atomic number ‘7 
increases with constant value of ‘n’ hence atomic radius 
decreases towards right. On moving down the group, both ‘Z’ and 

‘n’ increase but due to shielding, Z* (effective nuclear charge) 
remains same. Hence, on ae downwards, atomic radius 
increases due to increase in ‘ 235 
For hydrogen atom, Z = 1; so r= “. i ; 

An“ mke 
Now putting the values of h,, m, eand k, 


7 _n? x (6,625x10 
4x (3.14)? x (9.1« 10? )x 6x 1077)? x (9x 107) 
= 0,529xn? x10 m=0.529x n? A 
= 0.529x 10° xn? cm 
where h = 6.625x 10 J-sec, 1 = 3.14 


m=9.1x 107! kg, e=1.6x 10"? coulomb 
k=9x10? Nm?/C? 


Thus, radius of 1st orbit 
= 0.529x 1078 x 1? = 0.529 x 10°® cm=0.529x 107° m 
Radius of 2nd orbit. 
= 0.529x 10° x 27. =2.11x 10° cm=2.11x x10" m 
Radius of 3rd orbit 


= 0.529x 10° x 32 = 4.76x 10° em= 4.76x 10° m 


and so on. . 
r, =H xn? for cess atom 


and» & 7, =0.529x = A (for hydrogen like species) 


79 


Energy of an electron: Let the total energy of the electron 
be E. It is the sum of kinetic energy and potential energy. 
E = kinetic energy + potential energy 
1p? Kee 


; r 
Putting the value of mv” from eq. (i), 
_ kde” _kZe? __ kZe? 


Putting the value of r from eq. (iii), 


F=- kZe? . 4n? mkZe* _ 7 2n?Z ?k? me‘ (iv) 
ca nh nh? - - 
For hydrogen atom, Z=1 
 -2n*k* me* 


So, E=- 2h 
Putting the values of 1, k, m, eand h,, 
2x (3.14) xOxey x (9.1x 107! )x (1. ex1o™™) 


E=- 
n® x (6.625 x 1074)? 
21.79x 10°? 
ee J per atom 
n 
E=-*H (where, Ry = 2.18x 1078 J): 
n . 
= 198 
=-——eV be atom (lJ = 62419 x 10°" eV) 
n? ; 4 
=- ci S veal /mol (1 eV = 23.06 kcal/mol) 
n? 
_=- ne kJ /mo 1 
n? 
Kinetic energy in x th shell = pe ev 
n 
ay 2 
Potential energy in 7 th shell = see eV 
n 


Substituting the values of n = 1, 2,3, 4,..-, etc., the energy of 
electron in various energy shells in hydrogen atom can be 
calculated. 


Energy shell E (Joule per atom) E(eV peratom) E (keal /mol) | 


1 -21. 79 x 107! +~13.6 — 313.6 
2 ~5.44 x 10°" 34 ~78.4 
3 -2.42 x 10° -1.51 ~34.84 
4 -1.36 x19" — 0.85 ~19.6 
2 0. 0 a 
E, 
E, = 5 (for hydrogen atom) 
n . 
7? . 
and E,, =E, x—> (for hydrogen like species) 
: n 
where, E , = energy of hydrogen first orbit. 
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Since, n can have only integral values, it follows that total 
energy of the electron is quantised. The negative sign indicates 
that the electron is under attraction towards nucleus, i.¢., it is 
bound to the nucleus. The electron has minimum energy in the 
first orbit and its energy increases as n increases, 7. e., it becomes 
less negative. The electron can have a maximum energy value of 
zero when n = ce, The zero energy means that the electron is no 
longer bound to the nucleus, i.e. ,it is not under attraction towards 
nucleus. 


For hydrogen like species such as He*,Li’*, etc.,. 


E£,=2 2 xXE n tor hydrogen atom. 


Velocity of an electron: We know that, 
Centrifugal force on electron 
= force of attraction between nucleus and electron 


2 2 
ssa =. (in CGS units) ...(i) 
r r 
The angular momentum of an electron is given as: 
mor = nh/ 2n ..- (ii) 


From eqs. (i) and (ii), we have 


v (=) = Ze? 
21 


v= ~ x 2,188 10° cm/sec 
A 


. (iii) 


2.188 x 10° 
v= 


cm/sec (For hydrogen, Z = 1) 


v, = 2.188 x 10° cm/sec 


0, =3x 2.188 x 10° cm/sec 


0, =+ x 2,188x 108 cm/sec 


Here, v,,v2 and v3 are the velocities of electron in first, 
second.and third Bohr orbits in hydrogen. . 
From equation (ili), 
Sige and ied a eaon: 
« Og. Ae vy, 3 
Orbital frequency: Number of revolutions pef’second by 


an electron in a shell is called orbital frequency; it may be 


calculated as, 
Number of revolutions per second by an electron in a shell 


Velocity i EER: 
Circumference 2nr h las 


2 
= -- x 6.66x 105 
ne 


where, £, = Energy of first shell. 
Time period of revolution of electron in nth orbit (7, ): 
3 . . 
T= aii ae x 1.5x107'° sec 
0... 2? 


Interpretation of hydrogen spectrum: The only electron 
in the hydrogen atom resides under ordinary conditions on the 
first orbit. When energy is supplied, the electron moves to higher 
energy shells depending on the amount of energy absorbed. 
When this electron returns to any of the lower energy shells, it 
emits energy. Lyman series is formed when the electron returns to 
the lowest energy state while Balmer series is formed when the 
electron returns to second energy shell. Similarly, Paschen, 
Brackett and Pfund series are formed when electron returns to the 
third, fourth and fifth energy shells from higher energy shells 
respectively (Fig. 2.12). 


Paschen 
series 


Balmer 


; Brackett 
series 


series 


Pfund 
series 


Lyman'series 
Fig. 2.12 


Maximum number of lines produced when an electron jumps 


from n th level to ground level is equal to ue For example, 


in the case of n = 4; number of lines-produced is 6. (4 — 3,4 — 2, 
4-— 1,3 2,3-41,2-— 1) When an electron returns from 7, to 
n, state, the number of lines in the spectrum will be equal to. 
(n, — y(n, -—n, + D 
2 

If the electron comes back from energy level having energy £,, 
to energy level having energy £,, then the difference may be 
expressed in terms of energy of photon as: 

; E,-E, =AE=hv 

or the frequency of the emitted radiation is given by 


So 
h , 
Since, AE can have only definite values depending on the 
definite energies of E, and E, , v will have only fixed values in an 
atom, : 


c AE 
or v= SS = 
ee 
he 
or els 
AE 


Since, hand c are constants, AE corresponds to definite 
energy; thus, each transition from one energy level to another will 
produce a light of definite wavelength. This is actually observed 
as a line in the spectrum of hydrogen atom. , ; 
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Thus, the different spectral lines in the spectra of atoms 
correspond to ditierent transitions of electrons from higher 
energy levels to lower energy levels. 


Derivation of Rydberg Equation 


Let an excited electron from 7, shell come to the n, shell with the 
release of radiant energy. The wave number V of the cortes- 
ponding spectral line may be calculated in the following manner: 


an? mee on? mZ7 e* 
AE =E, - HAC) ; -(-) = 
nth 3 ny ht 
he _2n?mZe*( 1 1 
r h? ne ny 


where, AE=hv= + 


< 


getemingte!(1 1) 
OO. a ny n5 


where, R= = Rydberg constant = 109743 cm”! 


ch 

This value of Ris in agreement ‘with - -experimentally 

determined value 109677.76 om”. Rydberg equation for 
hydrogen may be aa as, ; 


Modification of Rydberg Equation 
According to the Rydberg equation: 


y _ 2n?mZ et} 1 1 
wave number ch 3 np ny 


It can be considered that the electron and the nucleus revolve 


around their common. centre of mass. Therefore, instead of the. 


mass of the electron, the reduced mass of the system was 
introduced and the equation ‘becomes: 


—_ mmpzte*] 11 
"ch? np one |. 


Reduced mass ‘u' can be calculated as, 
1 


uom M 
where, m= mass of electron 
and : _M = mass of nucleus 
_ mM ; 
ve mt+M 


(i) First line of a series: Jt is called ‘line of renee 
wavelength’ or ‘line of shortest energy’. 
For first line, o: 
na =(n, +) 


. For last line, 


ie 


ve... =—! =R te “At 
first ae ne (ni, we 1) | 


Similarly for second, third and fourth lines, 
Ny =n +2;n. =n, + 3Zandn, =n, + 4 respectively 
. Rydberg equation may be written as, 
y=tapRz?|1- u | 


x 


2 2 
a Lap. (mn, +x) 
where, x = number of line in the spectrum. 


e.g., x= 1, 2,3,4,...for first, second, third and fourth lines in the 
spectrum respectively. 
. (ii) Series limit or last line of a@ series : 


It is the line of 
shortest wavelength or line of highest energy. 


ast Ay 
_ Lyman limit = = Balmier limit = * 
ee, 2 2 


Paschen limit - $ ” Brackett limit = — 


Pfund limit = Humphrey limit = = 5 
(iii) Intensities of spectral ‘lines: The intensities of ae 
lines in a particular series decrease with increase in the value of 
ny, i.e., higher state. 
€.8.5 
‘Lyman series (2 1)> (3-3 1)>(4 1)>(51) 
(11 3 14) 


Balmer series (3 ~> 2) > (4 > 2) > (5-4 2) > (6-5 2) > 


(1% > 1) 


Ne 


Deareasing intensity of the spectral lines 


Ionization Energy and Excitation Energy 


ae Sie E ny Ey, 
Excitation potential for 2, —>.#2. = -—————_—_ 
. Electronic charge 
+ . * E,, 
lonization potential for n, — ee =———___—_- 
“s Electronic charge 


. The energy required to remove an electron from the ground 
state to form cation, i. 2., to take the electron to infinity, is called 
ionization energy. : 


TE= Fo gE grcuinch 


IE= 0- E, (H) = 13.6eV atom” 


= 2.171078 Jatom™! 


: 2 
ie x 13.6eV 


on 

2 
I, _ 4, x n3 
I, ne “Ze 
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2 
(EH), «Ela XE 
4 hr . 
If an electron is already present in the excited state, then the 
energy required to remove that electron is called separation 
energy. 


E 


The following points support Bohr theory: 

(i) The frequencies of the spectral lines calculated from 
Bohr equation are in close agreement with the 
frequencies observed experimentally in hydrogen 
spectrum. - 

(ii) The value of Rydberg constant for hydrogen calculated 
from Bohr equation tallies with that determined 
experimentally. 

(iii) The emission and absorption spectra of hydrogen like 
species such as He‘, Li** and Be** can be explained 
with the help of Bohr theory. 


Limitations of Bohr Theory 


(i) It does not explain the spectra of multi-electron atoms. 
(ii) When a high resolving power spectroscope is used, it is 
observed that a spectral line in the hydrogen spectrum is 
not a simple line but a collection of several lines which 
are very close to one another. This is known as fine 
spectrum. Bohr theory does not explain the fine spectra 
of even the hydrogen atom. 

, (ii) It does not explain the splitting of spectral lines into a 
fe group of finer lines under the influence of magnetic field 

: _ (Zeeman effect) and electric field (Stark effect). 
(iv) Bohr theory is not in agreement with Heisenberg’s 

. uncertainty principle. ; 


» SOMMERFELD’S EXTENSION OF 
BOHR THEORY 
To account for the fine spectrum of hydrogen atom, Sommerfeld, 
in 1915, proposed that the moving electron. might describe 
elliptical orbits in addition to circular orbits and the nucleus is 
situated at one of the foci. During motion on a circle, only the 
angle of revolution changes while the distance from the nucleus 
remains the same but in elliptical motion both the angles of 
revolution and the distance of the electron from the nucleus 
change. The distance from the nucleus is termed as radius vector 
and the angle of revolution is known as azimuthal angle. The 
tangential velocity of the electron at a particular instant can be 
resolved into two components: one along the radius vector called 
Vv oe Radial velocity — 


separation. — | ee excited 


Angular 
velocity 


Minor axis 
(b) 


Fig. 2.13 


~V (Tangential velocity) 


radial velocity and the other perpendicular to the radius vector 
called transverse or angular velocity. These two velocities give 
rise to radial momentum and angular or azimuthal momentum. 
Sommerfeld proposed that both the momenta must be integral 


multiples of = [Fig. 2.13 (b)]. 
ats 
Radial momentum = n, za 
2 


Azimuthal momentum = n A 
$ 2n 


n, and ny are related to the main orbit ‘n’ as: 
n=n, +Ng 


- n "+o _ Length of major axis 


Ny Ny Length of minor axis 

(i) ‘vy’ cannot be zero because under this condition, the 
ellipse shall take the shape of a straight line. 

(ii) ‘#4’ cannot be more than ‘n’ because minor axis is always 
smaller than major axis. 

(iii) ‘ny’ can be equal to ‘n’. Under this condition, the major 
axis becomes equal to minor axis and the ellipse takes the shape 
of a circle. Thus, 2, can have all integral values up to ‘n’ but not 
zero. When the values are less than ‘x’, orbits are elliptical and 
when. it becomes equal to ‘n’, the orbit is circular in nature. 

For n= 1,4 can have only one value, i.e., 1. Therefore, the 
first orbit is circular-in nature. 

For n= 2, My can have two values | and 2, ie., the second . 
orbit has two sub-orbits, one is elliptical and the other is circular 
in nature. 

For n = 3, My can have three values 1, 2 and 3, i.e., third orbit 
has three sub-orbits, two are elliptical and one is circular in 
nature. 

For n=4,n, can have four values 1, 2, 3 and 4, ie., fourth 
orbit has four sub-orbits, three are elliptical and fourth one is 
circular in nature (Fig. 2.14). 


Fig. 2.14 


Sommerfeld thus introduced the concept of subenergy shells. 
In a main energy shell, the energies of subshells differ slightly 
from one another. Hence, the jumping of an electron from one 
energy shell to another energy shell will involve slightly different 
amount of energy as it will depend on subshell also. This explains 
to some extent the fine spectrum.of hydrogen atom. However, 
Sommerfeld extension fails to explain the spectra of 
multielectron atoms. % 
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Example 18. Calculate the wavelength and energy ar 
radiation emitted for the electronic transition from infinite to 
stationary state of hydrogen atom. (Given, R= 1.09678 


107 mh = 6.6256 x 10° J-s and ¢ = 2.9979 x 108 ms” 
‘Solution: Jor = ae 
ries rae 
nh = land n, = 00 
cary |e per 
x akg (co)? 
or pe ls on sn0 
R 1.09678 x 10 
We know that, 
: 
B= hv=h-£ = 6,6256x 107 x 2X1 
* 9.11x 10" 


= 217x107!" J 


ae ~ Example 19. Calculate the velocity (om hee) of an 
electron placed in the third orbit of the hydrogen atom. Also 
calculate the number of revolutions per second that this electron 
makes around the nucleus. 
Solution: Radius of 3rd orbit 
= 3? x 0.529x 10% = 4.761x 10° 


We know that, 


2nmr 
3x 6624 x 10°” 


~ 2x 314 x (9.108 x 10-8 )x (4.761 x 10° ) 
= 0729x 10° cm/sec 


Time taken for one revolution = — 


Number of revolutions per second 


eer v 

Onr Unr 

ae 
0.729x 108 


2x 3.14x 4.761 x 10% 
=2,.4x 10'* revolutions/sec 


Example 20. The electron energy in hydrogen atom is 
4 12 
given by E = en Ea erg. Calculate the energy required to 
. n . 
remove an electron completely from n= 2 orbit. What is the 
longest wavelength (in cm) of light that be used to cause this 


transition? 


21.7x 107? 
——— er: 


eee 4 


Solution: £ =— 
: nt 


Electron energy in the 2nd orbit, ie.,n = 2, 


7x 1072. ere 
cB Ea erg = —5.425 x 10°? efg | 
2 
and’ -E,=0 * 

AE = Change in energy = E.. ~ Ey = 5. 425x 10°? e 
Thus, energy required to remove an electron from 2nd cae 


” Ey =- 


. = 5.425x 10°” er. 
According to quantum-equation, — 
MES Hse 
x» 
he 
AE 
(h = 6.62510" erg-sec;c = 3x10! cm/sec) 
g 
and AE = 5.425x 10" erg 
—27 10 
So, xe AL Pa setae 
5.425 x10" 


=3.7x10° 

Thus, the longest, vevlngt of light that can cause this 

transition is 3.7 x 107° 
Example 21. Calculate the shortest and 
wavelengths in hydrogen spectrum of Lyman series. 
: Or 

Calculate the wavelengths of the first line and the series limit 
jor the Lyman series for hydrogen. (Rj, = 109678 cm) 

Solution: 


longest 


For Lyman series, 1, = 1. 


For shortest wavelength in Lyman series (i.e. , series limit), the 
energy difference in two states showing transition should be 
maximum, i.2.,#2 = %,. 


1 1 1 | 
So, rie Fara 
a Le =9.117x 10° cm 
109678 . 
=911.7A 


For longest wavelength i in Lyman series (i.¢., first line), the 
energy difference in,two states showing fransisag should be 
minimum, i.e.,2 = 2 


1 a hee ae 
So, . == as 
aan oe haf x | ane 
é: af 4 1915.7 10 een” 
3° Ry 3x 109678 
=1215.7A 


.,. Example 22. Show that the Balmer series occurs peiween. 
3647 4 and 6563.4. (R = 1.0968 107 m™! 


Solution: For Balmer series, 


84 


where, n = 3, 4, 5,... 0 i 
To obtain the limits for Balmer series n=3 and n=c0 
respectively. 


1 36 
A n=3)= _ 
max ( ) 1 1 5R 
2 e 
: 36 
=e 
5x 1.0968 x 10° 
= 6563A 
1 4 
min (n= 0) = ——_——___ = — 
val 
R\ —-— 
4, 
Sn 5 m 
1,0968 x 10 
= 3647A | 


5.:Example 23. Light of wavelength 128184 is emitted when 
the electron of a hydrogen atom drops from Sth to 3rd orbit. Find 
the wavelength of the photon emitted when the electron falls from 
3rd to 2nd orbit. 


Solution: We know that,. 
1 See 
at Re 
: rN E | 
When, n, =3 and n, = 5, 
J -R[2- 4 ]- 16R 
12818 9 25] 9x25 
or 1ag1g= 2% 25 i) 
; . [6xR 
When, ny = 2and No = 3, 
he a 
n° L4 9] 36- 
36 , 4 
a ee 2. Cl 
SR | (ii) 


Dividing eqn. (ii) by eqn. (i), 
: A _ 36 . 16R _ 64 


12818 5R 9x25 125 
= 


12818 = 6562.8 A 


“Example 24. The aa energy of hydrogen atom is 
13.6eV. What will be the ionisation energy of He* and Li** ions? 


Solution: Tonisation energy =— (energy of the 1st orbit) 


Energy of the Ist orbit of hydrogen = ~13.6 eV 
Energy of the Ist orbit of He* = ~ 13.6 x Z (Z for He* = 2) 
; =—-13.6x4eV=—544eV 
So, Ionisation energy of He* = —(-54.4)=544eV 
“ERS of Ist orbit of Li2* =~13.6 x 9 (Z for Li™ _=3) 
=-122.4eV . 


Tonisation energy of Li2* =~—(- 122.4) = 122.4eV 
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top Example, aSe. If: the. “ener difference Deleces ‘two 


of the light emitted when the elections drop from higher t to lower 
states? (Nh=952x107'* keal sec mol, where N is the 
Avogadro s number and his the Planck’s constant) 

Solution: AE = 46.12 kcal mol” 


According to Bohr theory, AE = NAv 


AE 46.12 
or yo = 


Nh 952x107 
= 4,84 x 104 cycle sec™! 


Example 26. According to Bohr theory, the electronic 
energy of the hydrogen atom in the nth Bohr orbit is given by 
* -19 
E. =- 21.76x 10 J 


7 
+ 2 


Calculate the longest wavelength of light that ide bg needed 
to remove an electron from the 3rd orbit of the He* 


ait 1990) 
Solution: The electronic energy of He” ion in the nth Bohr 
orbit 
-19 
oss seta x Z25 
n 
' where, Z=2 
Thus, energy of He* in the 3rd Bohr orbit 
~19 
ak 21.76 x 10 “x 4J 
ees 
AE=E,,~-E, 


-0-[- 21.76x 10"? x x 
“9 


_ 21.76x10°" x 4 


9 
34 8 
We know that, A= he _ 6625x107 x 3x10" x9 
AE 21.76x 10° x4 
= 2.055x 107’ m 


Example 27. Calculate the ratio of the velocity a light 
and the velocity of electron in the first orbit of a hydrogen 
atom. (Given, h=6.624x107" erg-sec; m=9.108x 108 g 


r= 0.529x 10° cm) 


Solution: v= h ; 
2nmr 
2 6.624 x 10°?” 
2x 3.14x 9.108 x 10°28 x 0.529 x 10° 
= 72.189 x 108 cm/sec 
€ 3x10!° 


v 2189x108 _ 
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Example 28. The wavelength of a certain line in Balmer 
series is observed to be 4341 A. To what value of ‘n' does this 
correspond? (Ry = 109678 cm™' ) : 


Solution: Ru Farad 
a ae 
Poa a AK Ry 
Jie: 1 
“4 4341x 10 x 109678 
= 0.04 
n? 2-1 225 
0.04 * 
or nes 


Example 29. Estimate the difference in energy between 
the first and second Bohr orbit for hydrogen atom. At what 
minimum atomic number would a transition from n=2 to n=1 
energy level result in the emission of X-rays with 
A = 3.0x 10° m ? Which hydrogen-like species does this atomic 


number correspond to? (HIT 1993) 


h- 


Solution: AE =hv= JES 


and 


_ 6.625 x 107 x 3x 10* x 1.09678 x 10’ x 3 

Pa oe oe ot 
= 1,635x 1078 J 

For hydrogen- like bie 


Poe oe ie . SO 
rg —= ZR —_—oo : ~ 
A onl a 


Z? & 1.09678 x 107 x 1e A). 


4 
~ 3x 10 x 1.09678x 107 x3 
or Z=2 
The species is He”. 
_..Example 30. What transition in the hydrogen spectrum 
have the same wavelength as Balmer transition n = 4 ton =2 of 
He” spectrum? (1IT 1993) 
Solution: For He* ion, 


1 2 1 I 
a ad 


- 


For hydrogen atom, : 


és Baa 5 
ee 
oe OO” eee . 
n on; 4 
Le, . ny = and n,=2 
_ Example 31. Calculate the energy emitted when electrons 


of 1.0 g atom of hydrogen undergo transition giving the spectral 
line of lowest energy in the visible region of its atomic spectrum. 
(Ry =1.1x10? m!3c=3x108 ms'sh = 6.62x 10 Jes) 
(IIT 1993) 
Solution: The transition occurs like Balmer series as 
spectral line is observed in visible region. 
Thus, the line of lowest energy will be observed when 
transition occurs from 3rd orbit to 2nd orbit, ie, oni = 2 and 


E=hv=h-<=6.62x10™ x 3x 108 x ae 1.x 107 
A ; 36 
= 3.03 x 107'? J per atom 
Energy corresponding to 1.0 g atom of hydrogen 
= 3.03 x 107? x Avogadro’ s number 
= 3.03x 107! x 6023 x 107 J 
=18.25x 10" J 
~. - Example 32. How many times does the electron go around 
the first Bohr’s orbit of hydrogen in one second? 


Solution: Nunitber of revolutions per second = i ..- fi) 
tr: : 


_ 2.188 10° 
A 
= 188% 10% . 


cm/ sec 
= 2: 188°x T08 cin/sec | - 
= y0.5994 

Z 


2 
co ~ x 0.529x 107? cm 
= 0.529x 10° om 


2.188 x 10° 


“Number of revolutions per sec = -———____—__. 
2x 3.14 x 0.529x 107 


= 659x108 


wee Example 33. Calculate the wavelength of radiations 
emitted, produced in a line in Lyman series, when an electron 
fails from. fourth stationary State in Aye ‘ogen atom. 
Ry =1.1 1x10’ am aS vo ; (IIT 1998) 
Solution: is =R as - a : 


tnd 
=1.1x107 (=- os 
te eaty 
= 969.6 x 107! metre 


4=9696A . 
. Example 34.. What is the degeneracy of the level of the 


R 
hydrogen atom that has the energy [- *) ? 


Solution: E 


Thus, J= Qand m= 0(one 3s-orbital) 

1=1 and m=—1, 0, +1 (three 3 p-orbitals) 

1=2 and m= ~2,-—1,0,+1,+ 2 (five 3d-orbitals) 
Thus, degeneracy is nine (1+ 3+ 5=9 states). 


"example 35. Calculate the angular eters of an 
electron occupying the second Bohr orbit of He* 


Solution: Velocity of electron (v)= dae .. (i) 
n 
Aye 
Radius of He* ion in an orbit (7, )= ar eed .. (ii) 
An“ mZe 


Angular frequency or angular velocity (w) ° 
_ 2 _2mZe* 4n* mZe? i 8n>mZe* 
eh 
Given, n= 2, m= 91x 107 8 g Z=2,e=48x 107'° es 
h=.6.626 x 10’ erg-sec _ 
ax(2) x2? x9.1x 1078 x (4.8x 107! y4 
. ge 


(2)? x (6.626x 1027) 
_ = 2.067 10'° sec"! 


6. Ifthe speed of electron in first Bohr orbit of hydrogen be ‘x’ 
- then speed of the electron in second orbit of He” is: 


(a) x/2 (b) 2x (c)x (d) 4x 
fAns. (c)] : 
(Hint: ne tas =2%2 =x] 
7. If first ionisation energy of hydrogen is Z, then the ionisation 
energy of He* would be: 
@yE (b) 2E (c) OSE (d) 4£ 
[Ans. (d)] 
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[Hint:  /,(He* ) = Z 7/,(H) . 
=2? x E=4E] 
8. The number of spectral lines that are possible when electrons 
in 7th shell in different hydrogen atoms return to the 2nd 


shell is: 
(a) 12 (b) 15 (c) 14 (d) 10 
.{Ans.  (b)] 
{Hint: Number of spectral lines = (b= ais me 2 
_ (7-27-24 ) 45). mo, 
: 2: 

9. The ratio of radii of first orbits of H, He* and Li2* is 
{a} 1:2:3 (b) 6:3:2 {c)1:4:9 (d) 9:4:1 
[Ans. (b)] : 
(Hint: r= - x 0.529 A 

Tig Tye Fae 
1: : = u 
; 2 3 
6:3.: 2] — 
10. The energy of second orbit of hydrogen is equal to the energy 

of: 

(a) fourth orbit of He* (b) fourth orbit of Li?* 

(c) second orbit of He* (d) second orbit of Li?* - 

[Ans. (a)] 

Z 2 

[Hint: E=-—> x13.6eV . 

“ n 

13.6 


ner H’ 


7 
E=-4.x136eV 
n 


28.2 aa, 
4 n 
2 
a = @=1n=2) 
n 


11. What is the energy in y required to excite the electron from 
n= |ton = 2state in hydrogen atom? (# = principal quantum 
number) [CET (J&K) 2006] 
(a) 13.6 (b) 3.4 (c) 17 (d) 10.2 
[Ans. (d)] ; , 

(Hint: AE=E,-E, 


_( 136 13.6 ) 
Pe ) Le | 
13 
-136{ 1-4 =3x136=102ev1 
ioe 


12. Anelectron in an atom undergoes transition in such a way that 


its kinetic energy changes from x to 7 , the change in 
potential energy will be : 

3 3 
a)+—x b) - —x 
(a) 5 (b) 3 


3 3. 
(c) a (d) = a 


[Ans. (a)] 
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[Hint ; PE= - 2KE 


’ PE will change from — 2x to = 
; : 2x 
Change in potential energy = ere (-2x) 


eyo 
2 2 


. PARTICLE AND WAVE NATURE OF 
ELECTRON 
In 1924, de Broglie proposed that an electron, like light, behaves 


both as a material particle and as a wave. This proposal gave birth 
to a new theory known as wave mechanical theory of matter. 


According to this theory, the electrons, protons and even atoms,‘ 


when in motion, possess wave properties. 
de Broglie derived an expression for calculating he 
wavelength of the wave associated with the electron. 
Accordingto Planck’ 8 equation, 


‘E=h et Gi 
v= ist (i) 


The energy of a photon on the basis of Einstein’ 's Mass- energy 
relationship is 
E=mce? 
where, c is the velocity of the electron. 

Equating both the equations, we get. 


.. fil) 


ho=me? 

OK 

OO att 
mc p 


Momentum of the moving electron is inversely proportional to 
its wavelength. 


Let kinetic energy of the particle of mass ‘m’ is E. 
E=—mv* 
D, 
2Em= mv" 
¥2Em = mv = p(momentum) 


Davisson and Germer made the following modification in de 
Broglie equation: ; 

Let a charged particle, say an electron be accelerated with a 
potential of V; then the kinetic energy may be given as: 


- mv? =eV 
2 ° 
mv" =2eVm 
=V2eVm = 
_ A 
4 2eVm 


A= 


ui for charged particles of charge g 
4 2qVm 

de Broglie waves are not radiated into space, i.e., they are 
always associated with electron. The wavelength decreases if the 


value of mass (m) increases, i.e.,in the case of heavier particles, 
the wavelength is too small to be measured. de Broglie equation © 
is applicable in the case of smaller particles like electron and has 
no significance for larger particles. 


(A) de Broglie wavelength associated with charged 
particles 


(i) For electron: 


k= A 
Ww 
(ii) For proton: 
om 0.286 a 
V 


(iit} For o-particles: 


5 ‘ r wv . eo Bee e ee ake 
where, V = accelerating potential of these particles. 


(B) de Broglie wavelength associated with 


uncharged particles 
(i) For neutrons: : 
yet _ 6.62x 10" 
V2Em 2x 1.67x 102" x E 
0.286 * 


JER) 


(ii) For gas molecules: 


3mkT 
where, & = Boltzmann constant 


Bohr theory versus de Broglie ‘oniaibias One. of the. -: 
postulates of Bohr theory is that angular momentum of an electron 


is an integral multiple of eS This postulate can be derived with the 
AL CP ae 


help of de Broglie concept of wave nature of electron. 

Consider an electron moving in a circular orbit around 
nucleus. The wave train would be associated with the circular 
orbit as shown in Fig. 2.15. If the two ends of an electron wave 
meet to give a regular series of crests and troughs, the electron. 
wave is said to be in phase, i. e. the circumference of Bohr orbit is © 


. equal to whole number multiple of the wavelength of the electron 


wave. 


Fig, 2.15 
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So, 2nr= nr 
or _ 2r » wai) 
on , 
From de Broglie equation, 
Sek. os ; + Gi) 
Thus, Bie = 2nr 
moon 
or mor=n- x (v = velocity of electron 
ae On 
and r= radii of the orbit) 
ie, Angular momentum = 7 - = ... (iii) 
71 


This proves that the de Broglie and Bohr concepts are in 
perfect agreement with each other. 


os 


-HEISENBERG UNCERTAINTY 
“PRINCIPLE 


Bohr theory considers an électron- as” a material particle. Its 
‘position and momentum can be determined with accuracy. But, 
when an electron is considered in the form of wave as suggested 
by de Broglie, it is not possible to ascertain simultaneously the 
exact position and velocity. of the electron more precisely at a 
given instant since the wave is extending throughout a region of 
space. To. locate the electron, radiation with extremely short 
wavelength is required. Radiation that has short wavelength is 
\ ety energetic in nature. When it strikes the electron; the impact 
- causes a change in the velocity of the electron. Thus, the attempt 
to locate the electron’changes ultimately the momentuin of the 
’ electron. Photons with longer wavelengths are less energetic and 
cause less effect on the momentum of the electron. Because of 
larger wavelength, such photons are not able to locate the 
position of an electron precisely. 


In 1927, Werner Heisenberg presented a sdligiple known as 


Heisenberg uncertainty principle which states: “It is’ 


impossible to measure simultaneously the exact position and 
exact momentum of a body as small as an electron.” 


The uncertainty of measurement of position, Ax and the. 


uncertainty of momentum, Ap or Amp are related by Heisenberg’s 
relationship as: 


. ne ‘Ax-Ap2h/4n 
or 5 Ax-Amv2h/4n 


where, his Planck’s constant. 


For an electton of mass m(9.10x 10 ae the product of. 


uncertainty is quite large. 
6.626 x 1077 
4mm 
6.626 x 1077" 
4x 3.14 x 9,10 107% 
= 0.57 erg- sec per gram approximately 
Ax: Av = uncertainty product 
When Ax = 0, Av = © and vice-versa. - 


Ax- Av 


“a 


In the case of bigger particles (having considerable mass), the 
value of uncertainty product is negligible. If the position is 
known quite accurately, i.e, Ax is very small, Av becomes large 
and vice-versa. Thus, uncertainty principle is important only in 
the case of smaller moving particles like electrons. 

For other canonical conjugates of motion, thé equation for 
Heisenberg uncertainty principle may be given as: 

momentum = mass x velocity 

- velocity 

= mass X ————— 

coe time 

= force x time eS 

momentum x distance = force x distance x time oie 
= energy X time 


X x time 


Ap Ax = AE At 
AE At2 Ps = (for energy and time) 
7 
Similarly, A > AB = + (for angular motion) 
n 


On the basis of this principle, therefore, Bohr picture of an 
electron in an atom, which gives a fixed position in a fixed orbit _ 
and definite velocity to an electron, is no longer tenable. The best 
we can think of in terms of probability of locating an electron 
with a probable velocity in a given region of space at a given 
time. The space or a three dimensional region round the nucleus 
where there is maximum probability of finding an electron of a 
specific energy is called an atomic orbital. 


: 122888 PiSome Souveo Exampces) $333: : 
Example 36. Calculate the wavelength associated with an 
electron moving with a velocity of | 0" cm per sec. 
Solution: Mass of the electron = 9.10 x 10° g 
Velocity of electron = 10'° cm per sec 
h= 6.62 10°’ erg- sec 


According to de Btoglie equation, 
he 6.62x 1077 


‘mv -9.10x 10°78 x 10°. 
=7.72x 10° cm 
= 0.0772A 
Example 37. Calculate the uncertainty in the position of a 
particle wae the unceriainty in momentum is: * 
(a) 1x 107° gcmsec” ' (b) zero. 


Solution: (a) Given, " 
AP = 1x10 g emsec™! 
h = 6.62x 10” erg- sec 
m=3.142 
According to uncertainty principle, 
Ax- Ap2 & 
4n “3 ; 
=27 
So, A> 2.1 5 662x107 I 
4n Ap 4x3.142 103° 
= 0.527x 104 em 


(b) When the value of Ap = 0, the value of Axwill be infinity. 
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“> Example: 38. . Calculate the. momen ae ue a particle: which. 
a a de Broglie wavelength of 2.5x 107'° 


(h =6.6x 107" kg ms) 


Solution: Momentum == (using de Broglie equation) 
_ 66x 10-4 
2.5x10° - 
= 2.64x 1074 kg msec! 
Example 39. What is the mass of a photon of sodium light 


with a wavelength of 5890 A? 
(h = 6.63 x 10-2” erg-sec,c=3X 10'° cm/ sec) 


h 
Solution: =— 
. mc 
/ h 
or m=— 
Ac 
9-27 
So, 6.63 x 10 


~ 5890 10° x 3x 10"° 
= 3.752x10 g 
.-, Example 40. The uncertainty in position and velocity of a 
particle are 107° m and 5.27x10™ ms | respectively. 
Calculate the mass of the particle. (h = 6.625x 10 J-s) 


Solution: . According to Heisenberg’s uncertainty principle, 

Ax-m Av = *. 

4n 
h 
or ee 
4n Ax-Av | 
7 6.625x107% 

4x 3.143 x 107'° x 5.27 10°74 

. = 0.099 kg 

‘- Example 41. Calculate the uncertainty in velocity of a 


cricket ball of mass 150 g if the ora, in its Da is oF the 
order of 1 A (h= 6.6104 kg m? s"'). 
“Ax-mAv= ate 

4n 

Ah 
4n Ax-m 
_ 6.6x.10°** 
4X 3.143 x 107! x 0.150 
= 3.499 x 1074 ms"! 

-Example 42. Find the number of waves made by a Bohr 


Solution: 


Av= 


electron in one complete revolution in the 3rd-orbit. ._.(1T 1994) 
y . 3 
Solution: Velocity of the electron in 3rd orbit = 
; amr 


where, m= mass of electron and r= radius of 3rd orbit. 


- Applying de Broglie equation, 
peace tes 2nmr _ 2mr - 


. . mo a “3h 3°: 
No. of wae ee 
X nr 


|: 


Example 43. The kinetic energy of an electron is 
4.55x 10° J. Calculate the wavelength, (h = 6.6 x 10-4 J-sec, 


mass of electron = 9.1x 107! kg). 


Solution: KE= : mv? = 4.55x 10> 
or 5X 9.1x 107! xv? =4.55x 10 | 
>» 2x455x10°> 
or OSS See 
9.1x 107! 
v= 10° ms”! 


Applying de Broglie equation, 
4 = ___ 66x 10° 


0.72 10° m 
mv 9.1x 107! «103 


Example 44. The speeds of the Fiat and Ferrari racing 
cars are recorded to +4.5x10 msec™'. Assuming the track 


distance to be known within + 16m, is the Si principle 
violated for a 3500kg car? 


Solution: Ax Av=4.5x 107 x 16 
=7.2x10 m? sec! (i) 
_h_ _ 6.626x 10° . (i) 
4mm 4x3.14x 3500 
= 1.507x 1078 
Since, — Ax Av2h/4nm 


Hence, Heisenberg uncertainty principle is not violated. 

- Example 45. Alveoli are tiny sacs in the lungs whose 
average diameter is 5x10 m. Consider an oxygen molecule 
(5.3 x 10°76 kg) trapped within a sac. Calculate uncertainty in 
the velocity of oxygen molecule. 

Solution: Uncertainty in position Ax = Diameter cf Alveoli 

=5x10'° m 
Ax Av2= fe 
4m 
34 
Ape 6.626 x 10 
4x 3.14x 5.310 x 5x 107 


Av =~ 1.99 m/ sec 


ISTRATION. OF OBJECTIVE QUESTIONS 


13. If the kinetic energy of an electron is increased 4 times, the 
wavelength of the de Broglie wave associated with it would 
become: 


(a) 4 times (b) 2 times 


(c) ; times ~ (d) ; times 


[Ans. © 


[Hint: = oo , where, E = kinetic energy 
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When, the kinetic energy of electron becomes 4 times, the 
de Broglie wavelength will become half.] 
14. The mass of photon having wavelength 1 nm is: 


(a) 2.21x 10° kg (b) 2.21x 10°? g 
(c) 2.21x 10° kg (d) 2.21x 10°78 kg 
[Ans. (c)] 
[Hint: A= 
nC 2 
m= f= £1626 1074 
he 1x10° x3x 10° 
=2,21x 108 kg] 
15. The de Broglie wavelength of 1 mg grain of sand blown by a 
20 ms”! wind is: 7 
(a) 3.3x 107m 
(c)3.3x 10 m 
[Ans. (a)] 


(b) 3.3 x 107! m 
(d)3.3x107 m 


; 34 
ot = SOHO 23313 x10 m] 
mo 1x10 x 20 
16. Inan atom, an electron is moving with a speed of 600 msec” 
with an accuracy of 0.005%. Certainty with which the 
position of the electron can be located is: 
(h = 6.6 10-4 kg m’ s™! »mass of electron = 9.1 x 1077! kg) 
(AIEEE 2009) 
(b) 5.1x 107 m 


(d) 384x107 m 


(Hint: 


- (a) 152x107 m 
(c) 192x107 m 
[Ans. (c)] ; 
(Hint: Accuracy in velocity =.0.005% ~ 

‘Ria 600 x 0.005 ag 
100 
According to Heisenberg’s unceriainty principle, 


0.03 


Ax mAv > at 
4n 
_ 66x10 
4x3.14x9.1x107! x 0.03 
=1.92x10?m] - 
17. Velocity of de Broglie wave is given by: 
2 2 
c hv mc of 
(a) — 6)— —©=-— — (d)va.. 
Vv me h 
[Ans. (b)] 
[Hint: N= A = A 
mv p 
af 
aa 
ad 
mv =— 
ce 
v= ai ] 
mc 


3 WAVE MECHANICAL MODEL OF ATOM 


The atomic model which is based on the particle and wave nature 
of the electron is known as wave mechanical model of the 
atom. This was developed by Erwin Schrédinger in 1926. This 
model describes the electron as a three-dimensional wave in the 
electronic, field of positively charged nucleus. Schrédinger 
derived an equation which describes wave motion of an electron. 
The custerential eqyeticn is: ‘ 
2 é 
sil ert gr Ps TE ey ae TE 
de dy? — dz? h: or 
where, x,y and z are cartesian coordinates of the electron; 
m=mass of the electron; E=total energy of the electron; 
V = potential energy of the electron; 4 = Planck’s constant and 
w (psi) = wave function of the electron. 

. Significance of yw: The. wave function may be regarded as 
the amplitude function expressed in terms of coordinates 
x, yand'z. The wave function may have positive or negative 
values depending upon the values of coordinates. 

The main aim of Schrédinger equation is to give a solution for 
the probability approach. When the equation is solved, it is 
observed that for some regions of space the value of w is positive 
and for other regions the value of wy is negative. But the 
probability must be always positive and cannot be negative. It is, 
thus, proper to use y? in favour of y. 


Significance of y?: wy? is a probability factor. It describes 
the probability of finding an electron within a small space. The 
space in which there is maximum probability of finding an 
electron is termed as orbital. 

The solution of the wave equation is beyond the scope of this 
book. The important point of the solution of this equation is that it 
provides a set of numbers, called quantum numbers, which 
describe energies of the electrons in atoms, information about the 
shapes and orientations of the most probable distribution of 
electrons around the nucleus. 

Wave function y can be plotted against distance ‘r’ from 
nucleus as, : 


For hydrogen wave function, number of nodes can be 
calculated as, 
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(i) Number of radial nodes = (# — 1-1) 

(ii) Number of angular nodes = / 

(iii) Total number of nodes = ( — 1) 

(iv) Number of nodal planes =/ 
Note: If the node at r = o> is also considered then no. of nodes will be 

w (not a — 1). 

Examples: (i) For 1s-orbital n =1, l=0, it will have no 
radial or angular node. 

(ii) For 2s-orbital, n= 2, 1=0, it will have only one radial 
node. 

(iit) For 3s-orbital, n= 3,1=0, it will have two radial nade: 

(iv) For 2p-orbital, n=2, 1=1, it will have no radial node 
but it has only one angular node. 

(v) For 3 p-orbital, n= 3, f= 1, it will have one redid and one 
angular node. 
For s-orbitals: 
(n — 1) radial nodes + Qangular node = ( — 1) total nodes. 
For p-orbitals: 
(n — 2)radial nodes + tapeular node = (n — 
For d-orbitals: 
(n — 3)radial nodes + 2 angular nodes = (n — 1)total nodes. 

d_, like all d-orbitals has two angular nodes. The difference is 
‘that ‘the angular nodes are cones ina d orbital, not planes. 


1) total nodes. 


Operator form Schrédinger Wave Equation 


AY=EW (Operator form) 


2 
where A =| -—"_ y? 47 | = Hamiltonian operator — 
817m 
=T+P 
Here, 7 = Kinetic energy operator 
PV =Potential energy operator 
Complete wave function can be given as 
¥(7r,9,0)= Rr) 80) 99) 
Nee? nent pre 
. Radial part Angular part 


Dependence of the wave function on quantum number can be 
given as, 


Vim (159, 0)= Ra (1) jin O) Pn (0) 


The function R depend only on x therefore they describe the _- 


distribution of the electron as a function of r from the nucleus. 
These functions depend upon two quantum numbers, # and /. The 
two functions © and ® taken together _Bive the angular 
distribution of the electron. 

The radial part of the wave function for some orbitals may be 
given as, 


ls . 1 


2s - 2 0... 


3/2 
yp 2 ita (2 on Prl2ay 
V3 | 2a Q% 
where, Z= atomic number, a, = radius of first Bohr orbit of 


hydrogen. 


Plot of Radial Wave Function ‘R’ : 


a 
an 
a 
D— 
, i) 
Pa wo 
Zz 
Sg : 
® 
a—> ~~» 


Number of radial nodes = (n — 7 - 1). 
At node, the value of ‘R "changes from positive to negative. 


Plot of Radial Probability Density ‘R”’: 


The me of probability, i.e., ee or ¥* are more eae 
than the plots of functions themselves. It can be seen that for both 
1s and 2s orbitals, the probability has a maximum value at r= 0, 
ie., in the nucleus, In case of 2s orbital, one more maximum in 
the probability plot is observed. 


Plot of Radial Probability Function (4nr2R2) : 


In order to visualize the electron cloud within a spherical shell 
is placed at radii ‘’ and ‘r+ dr from the nucleus. Thus radial 


_ probability function describes the total probability of finding the 


electron in a spherical shell of thickness ‘dr’ located at the 
distance r from the nucleus. 
R.PF.= (volae of spherical shell) x Probability eae 
= (4nr* dr) x R* 


r—> 


In the plot of radial probability against ‘r’, number peaks, Le, 
region of maximum probability =” ~ /. 
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ILLUSTRATIONS OF OBJECTIVE QUESTIONS 
18. 


19, 


20. 


21, 


Distance from nucleus —> 


If the above radial probability curve indicates ‘2s’ orbital, the 
distance between the peak points X, Y is : 


(a)2.07A  *(b) 1.59A (c) 0.53A (d) 2.12A 
[Ans. (a)] : 
[Hint : X=0.53A, Y=2.6A 
Y-X=2.6-0.53 = 2.07A] 
Plots for 2s orbital are : 
t 


‘— i——> ar 
X,Y and Z are respectively . 
(a) R, R? and 4nr°R? (b) R*, R and 4nr*R>- 


(c) 4nr*R?, R? and R 
[Ans. (b)] 

[Hint : ¥ will be definitely ‘R’ because value of R cannot be 
negative, thus X will be R? and Z will be 4nr°R. Z represents 
radial probability function; its value will be zero at origin] 

The wave function (‘Y ) of 2s is given by : 


2 
= 1 (4) {2-2 ge” 7/240 
Wn ay a . 


Atr=n, radial node is formed. Thus for 2s, 7 in terms of ag 
is: 


(d) R?, 4nr’R? and R 


“(ag =a (BD) H=2a) (C)HM=ag/2 (d)H =4ay 
[Ans. (b)] : 
[Hint : When r = 1, W >, = 0, then from the given equation: 

: 2-7=0 
. % 
r= 2a] 


The w wave = finetion for Is orbital of hydrogen atom is given 
by: : 

Dae s a ties 
where, a) = Radius of first Bohr orbit 

r= Distance from the nucleus (Probability of finding 

.the electron varies with respect to it) 
What will be the ratio‘of probabilities of finding the electrons 
at the nucleus to first Bohr’s orbit ay ? 
(a)e (b) e” (c) Ve? 
[ Ans. (d)] 


(d) Zero" 
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[Hint: For 1s orbital, probability of finding the electron at the 
nucleus is zero.] 
22. The radial-wave equation for hydrogen atom is : 


3/2 
P= an(z| [@ - IG? - 8x 412) 7? 


where, x = 2r/ do; ay = radius of first Bohr orbit. _ 
The minimum and maximum position of radial nodes from 
nucleus are : 


(b) 


(a) ag, 3a 
[Ans. (b)] 
[Hint : At radial node, ‘¥ = 0 
. From given equation, 

_ x-1=Oandx’ - 8x+12=0 


x-1=0 = gas 


a a a, 
2° 3a) = (c) =f A (d) =i 4ay 


(Minimum) 


‘(- 6) &-2)=0 
x-2=0 
x=2 


—=2, bes: re a (Middle value) 


when 
when 


r= 3a) (Maximum) 
2:16. QUANTUM NUMBERS 


As we know, to search a particular person in this world, four 
things are needed: 
(i) The country to which the person belongs 

(ii) The city in that country.to which the person belongs 

(iii) The street in that city where the pees is residing. 

(iv) The house number ; 

Similarly, four identification numbers are required to locate a 
particular electron in an atom. These identification numbers are 
called quantum numbers. The four quantum numbers are 
discussed below.’ 


Principal Quantum Number 


It was given by Bohr; it is denoted by ‘1’. It represents the 
name, size and energy of the shell to which the electron Denke 
The value of ‘n’ lies between | to °. 


n=1,2,3,4,...00 
Value of n =k 2 3 4 § 6 7 
Designation ofshell = K. .L M N OO P Q 


(i) Higher is the value of ‘ 


n’, greater is the distance. of the 
shell from the nucleus. “ 


h<h<A <<< 
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2 : 
r="_x0.529A 
? : 


Gi) Higher is the value of ‘n’, greater is the magnitude of 
energy. , . , 
BE, < Ey, <E,<E,<E&,... 

2 
E=- = x.21.69x 107? J/ atom 
n 
2 


= — X 313.3 kcal per mol 
n 


Energy separation between two shells decreases on moving 
away from nucleus. 
(E, ~ £,)>(E; — E,)>(E, - E3)> (Es - Ey) 
(iii) Maximum number of electrons in a shell* = 2n? 
(iv) Angular momentum can also be calculated using 
principal quantum number 


nh 
mor = — 
2n 


Azimuthal Quantum Number 


It was given by Sommerfeld; it is also called angular 
quantum number, subsidiary quantum number or secondary 
ee number. It is denoted by ‘/’; its value lies between 0, 1, 

-(n—1). 

“it describes the spatial diktsibation of electron cloud and 
angular momentum. It gives the name of the subshell associated 
with the main shell 

{=0  s-subshell; 

{=2  d-subshell; 

f=4 g-subshell . 
s, p,d, f and g are spectral terms and signify sharp, pancpal 
diffused , fundamental and generalised respectively. 

The energies of the various subshells in the same shell are in 
the order of s< p<d< f<g (increasing order). Subshells 
having equal / values but with different x values have similar 
shapes but their sizes increase as the value of ‘n’ increases. 
Zs-subshell is greater in size than 1s-subshell: Similarly. 
2p, 3p, 4 p-subshells have similar shapes but their sizes increase 
in the order 2p < 3p < 4p. 

Orbital angular momentum of an electron. i is calculated using 


the expression 
= JK + ae d+ Wh 
2n 


here, h= ate 


2n 
The magnitude of magnetic moment 1, may be given 3 as: 


uy, =Jfii+1) BM 


where, BM = Bohr Magneton 


l=] p-subshell; 
1=3 f-subshell; 


1BM=—“"_ =92732x 104 J 
4nmc 


Maximum electrons present in a subshell = 2(2/ + 1) 


d- subshell > 10 electrons 
f-subshell > 14 electrons 


s-subshell — 2 electrons 
p-subshell —> 6 electrons 
g-subshell — 18 electrons 


Magnetic Quantum Number 


This quantum number is designated by the symbol ‘m’. To 
explain splitting of a single spectral line into a number of closely 
spaced lines in the presence of magnetic field (Zeeman effect), 
Linde proposed that. electron producing a single line has several 
possible space orientations for the same angular momentum 
vector in a magnetic field, i.e., under the influence of magnetic 


’ field each subshell.is further sub-divided into orbitals. Magnetic 


quantum number describes the orientation or. distribution of 
electron cloud. For each value of ‘/’, the magnetic quantum 
number ‘m’ may assume all integral values from —/ to +7 
including zero, i.e. , total (2/ + 1) values. 

Thus, when /= 0, m= 0(only one value) 

when / = 1, m=~1,0,+1 (three values) 
i.e, three orientations. 

One orientation corresponds to one orbital. Three orientations 
(orbitals) are designated as p,, p, and p,. 

When /=2,m=-2,-—1,0,4+1,4+2 Cfive values), fe five 
orientations. : 

The five orbitals are designated as: 

dy, dy dx,42_ 2 and d 2. 


When / = 3, m= — 3, —2,~1, 0, + 1, + 2, + 3(seven values), i.e. , 
seven orientations. 

Different values of ‘m’ for a given value of ‘/’ provide the total 
number of ways in which a given s, p,dand f subshells in 
presence of magnetic field can be arranged in space along 
x, yand z axes or total number of orbitals into which a given 
subshell can be divided. 

When / = 0, m= 0,i.e., one value implies that ‘s’ subshell has 
only one space orientation and hence» it can be arranged in space 
only in one way along x, y or z axes. Thus, ‘s’ orbital has a 
symmetrical spherical shape.and is usually represented as in Fig. 
2.16. 

In case of 1s-orbital, the electron cloud is maximum at the 
nucleus and decreases with the distance. The electron density ata _ 
particular distance is uniform in all directions. The region of 
maximum electron density is called antinode. In case of 
‘2s’-orbital, the electron density is again maximum at the nucleus 
and decreases with increase in distance. The ‘2s’-orbital differs in 
detail from a 1s-orbital. The electron in a ‘2s’-orbital is likely to be 
found in two regions, one near the nucleus and other in a 
spherical shell about the nucleus. Electron density is zero in 
nodal region. 


a 99% contour 


* 4 


pnt Antinode | 


ee a ot 


2s-orbital 


*No energy shell in atoms of known elements possesses more than 32 electrons. 
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Fig 2.16 mS: 

When i= 1, ‘m’ has three sfelacs ~1, 0; +1. It implies that ‘ p Otbital ayy dy, a. aa ~ dy 
subshell of any energy shell has three space orientations, i. 4 5 ge Bt. yey 1° +4 42 
three orbitals. Each p-orbital has dumb-bell shape. Each one is . 
disposed symmetrically along one of the three axes as shown i in Nodal planes : 

Fig. 2.16. p-orbitals have directional ‘character. Orbital Nodal planes 
‘Orbital | P; Py Py da. AZ, YZ 
om. 0 +1 ##i d,. XY, 2x 
. Nodal plane xy yz =x dx. XY, Vz 

When / = 2,‘ has five values —2, ~1, 0, + 1, + 2. It implies d2_,2 x-y=0,x+ y=0 
that d-subshell of any energy shell has five orientations, i.¢., five d. . No nodal plane, it has 


orbitals. All the five orbitals are not identical in shape. Four of . 


the d-orbitals d,,d,,,d,,,d ca contain four lobes while 
fifth orbital d 2 consist of only ‘two lobes. The lobes of d,, 
sen lie between xand y-axes. Similar is the case for 
yz and d,,. Four lobes of d ose orbital are lying along x and y- 
ee while the two lobes of dy orbital are lying along z-axis and 


contain a ring of negative charge surrounding the mucleus in 


xy-plane (Fig. 2.16). 


a ring around the lobe 
There are seven f-orbitalsdesignatedas f , 4,f 2 2 
; x(x* — py) 7 vQ® = yp") 
is (x? - 
ones. 
Positive values of m, describes the orbital angular momentum 
component in the direction of applied magnetic field while the 


negative values of m, are for the components in opposite 
direction to the applied magnetic field. 


sia 5 oer fs fi and fe . Their shapes are complicated 
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Fig. 21.6 (a) Space quantization in magnetic field 


Characteristics of Orbitals 
(i) All orbitals of the same shell in the absence of magnetic 
field possess same energy, i.e., they are degenerate. 


Gi) All orbitals of the same subshell differ i in the direction of 
their space orientation. 
, fi) Total number of orbitals in a main energy shell is Saal to 


n? (but not more than 16 in any of the main shells of the known 
’ elements). 


n=1 No. of orbitals = (1)* = 1(Is) 
n=2 No. of orbitals = (2)” = 4 (2s,2p,,2p,,2p, ) 
n=3 No. of orbitals = (3) =9 (35, 3p,,3P,;3P2s3dy, 
3d y- 3d x s3d.2_,2,3d 2) 
n=4 No. of orbitals = (4)” =16 


The division of main shells into subshells and that of subshell 
into orbitals has been shown below: 
Note: Magnetic quantum number also represents uiaitiaed value of 
z-component of angular momentum of the electron in an orbital 
through the ersion 


Iz _ (4) 
20 


If Bis the angle between z-axis and angular momentum vector, 
Lz=Lcos® 


h h 
— |= Ji +1) — cos 0 
mx) Usp 20 sea 
or m=.JI(1+ 1) cos® 


Main shell Subshells , Orbitals 


ye? 


Tsteshell: © 252 —io* Soa eS ee —S 
(K-shell) n=1 1s (I= 0) ~  1s(m=0) 
aoe -—---—-———_.. 
2nd-shell ge” 2s (l=0). es ms ld 
(L-shell) n=2 ae aed bial Si Pore ote a a 2p, (m= 0) 
2p (i= 1) ~S_2py (m= +1) 
——— ee 
2p, (m= + 1) 
3s (m= 0) 
3rd-shell ee fee or Sem =0) 
(M-shell) ~._3py (m= +1) 
N 3p, (m= +1) 
/ 3d,2 (m= 0) 
N ; Zo 30,2 y2 (m= +2) 
~ 3d,,(m= +1) 
N\, 3,2 (m= +1) 
3dy (m= +2) 


Degenerate Orbitals 


Orbitals which are located at the same energy level on the energy 
level diagram are called degenerate orbitals. Thus, electrons have 
equal probability to occupy any of the degenerate orbitals. 

Px, Py and p,-— 3-fold degenerate 
d-orbitals ——- 5-fold degenerate 
f-orbitals ——> 7-fold degenerate 

Degeneracy of p-orbitals remains unaffected in presence of 
external uniform magnetic field but degeneracy of d and 
f-orbitals is affected by external magnetic field. 

Spin Quantum Number 


It is denoted by ‘s’ and it was given by Goldschmidt. 


Spin quantum number represents the direction of electron spin 
around its own axis. 


(i) For clockwise spin, s=+ ¥ (T arrow representation). 
(ii) For anticlockwise spin, s=— ¥ (J arrow representation). 
Spin electron produces angular momentum equal tou, given by 


U, =4/s(st+ v= , where, s=+ 4 
Tt 


Total spin of an atom =n x ¥, (n = number of unpaired 


electrons) 
Spin magnetic moment (1, ) is given by 
eh 
p, = ¥s(s+ 1) 
2mme 


Each orbital can accommodate two electrons with opposite 
spin or spin paired; paired electrons cancel the magnetic moment 
and develop mutual magnetic attraction as shown in the 
following Fig. 2.17. 

N . % s 
Magnetic field. . 


Se aie | = 
PS , =N 
a “. ony, . — SS N 
: Me? NV aN N 


Fig. 2.17 


Electrons having same spin are called spin parallel and those 
having opposite spin are called spin paired. 
Spin paired ——> ee 


Spin paralle] —— [t 7] 
Spin multiplicity: ; 
Spin rarlupligins [2 Xs+ 1] . 
where, s = spin quantum number 
e.g., carbon = ls? 2s? 2p 


abe 


2 


Normal state 


Excited state 
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Spin multiplicity = (+ ;| 54 (- 3)| +1=5 


247 PAULI’S EXCLUSION PRINCIPLE 


Each electron in an atom is designated by a set of four quantum 


numbers. In 1925, Pauli proposed that no two electrons in an. - 


atom can have same values of all the four quantum numbers. 

An orbital accommodates two electrons with opposite spin; 
these two electrons have same values of principal, azimuthal-and 
magnetic quantum number but the fourth, ie, spin quantum 
number will be different. 


This’ principle,.can be illustrated ‘by taking ernie of © 


nitrogen. 
N, = Is® ; 2s? ; 2p? 

2 2 2s" gdp! 2p! 2p! 

- ol Gs GT 
Principal quantum number (#) l 
Azimuthal quantum number (/) 0. 0 I cl ol 
Magnetic quantum number’ (m) 0 0 +1 -1 0 
Spin quantum number (s) t+y- wit Kr Kot K4thr+h 


. Out of seven electrons no two have same values of all four 
quantum numbers. With the help of this principle, it is possible to 
calculate the maximum number of electrons which can be 
accommodated on main energy shells and subshells. 


No. of No. of 


Principal Azimuthal Magnetic = Spins trons electrons 


Q.No. Q.No. @Q,Ne. Q. No. 


éy? a] i sy? ty? ona . ona 
; . subshell main shell 
1-3) . 0 +%4,-4% 2 9 
2° 066) 0 +h-t 2 . 
Wp)  -l + ¥-¥ 8- 
0 +4%,-% 6 
+1 +h 
3 Os) - 0 +Y¥-¥K 2 
~1 ae ae | 
1(p) 0 . +¥n-\ se 6 
+1 9+¥%,-¥% 
—2 +¥4-¥% 18 
i a tia 2 
Ad) © 0 +%,-¥% 10 
+1 +¥,-% 
+42. +¥4,~-% 


Principal Azimuthal Magnetic = Spin 


ey 


_ No. of | No. of 
electrons electrons 


Q.No. Q.No. Q.No. Q. No. 


sa cf “ ; had subshell saat shell 
4 0(s) 0 +%,-% 2 
\) ° 6 
2d) ; 10 
3 +h ¥ 
“2 +¥-¥ 
= ee ee 32 
3(f) 0 +4.-Kt - 14 
+l +4%,- 
+2. +4%-¥% 
4300~¢«44K«CUN YK 
Conclusions: 


(i) The maximum capacity ofa main energy shell is equal to 
‘2n? electrons. 
(ii) The maximum capacity of a subshell is equal to 2(2/+ 1) ° 


electrons, 
Bd _ Azimuthal ~~ Maximum capacity of 
Subenergy shell 9. No.‘P electrons 2(2! + 1) 
Ss : 0 242x0+ )=2 
Pp 1. 22x 1+ )=6 
d _ 2? (2x 2+ 1)=10 
f _3 22x34 )=l4 
(iii) Number of subshells in a main energy shell is equal to the 
value of n. 
Value of No. of subenergy — Osdensted as. 
- shells 
1 1 . Is 
2%: = 2 25, 2p 
3. 3 3s, 3p, 3d 
a a 4 45, 4p, 4d, 4f 


(iv) Number of orbitals in a main energy shell is equal to n°. 
nn No. of orbitals 


1. @el s 
2 : (2y =4 5; Pr Pus Pz “ 
; 3 : By =9 5s Pes Pys Par dey, @ ‘yer dd 2 _ ard 


(v)’ One orbital cannot have more than two electrons. If two 
electrons are present, their spins should be in opposite 
directions. - 


(LUSTRATIONS OF OBJECTIVE QUESTIONS 


23. The orbital ne momentum of an decebai in a d-orbital is: 


(DCE 2007) 
> 

ob wat of ~~ 

2n 20 2n T 


[Ans. (a)] 


24, 


25. 


26. 


27. 
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A 
2n 


Orbital angular momentum = d+) 


= 22+ Pe = 


(Here, / = 2, for d-orbitais)] ; 
Which of the following sets of quantum numbers is correct for 
an electron in 4 f-orbital? 


(Hint: 


(Jamia Millia Islamia Engg. Ent. 2007) , 


(ajn= 4 iS 3,m=+4,s=+¥, 

(b)n=4,1=4,m=-4,s=-\Yy 

(c)n=4,1=3,m=+1s=+¥. 

(d)n=3,/=2,m=-2,s=+¥ 

[Ans. ()] | 

(Hint: For4f,2=4,/=3, m=—-3,-2,-1,0,41,4+2,4+3 
s=-Yort+ 4) 

Match the List-I with List-II and select the correct set from 

the followi ing sets given below: 


List-I- List-II 
(A) The number of sub-energy levels in an GQ) 
. energy level © ; 
(B) The number of orbitals in a sub-energy (2) 3d 
level a 
(C) The number of orbitals in an energy level (3) 20+1 
(D) n¥3,/=2m=0 | (4) 21 
. (PET (Raj.) 2005] 
’ Sets (A) (B) (C) (D) 
(ay 4 3 1 2 
(b). 3 1 2 4 
(c) 1 2 3 4 
@ 3. 4 1 2 
[Ans, (a)] 
[Hint: Number of orbitals in a shell =n? 


Number of subshells in a shell = n 
Number of orbitals in a subshell = (2/ + 1) 
n= 3,1] = 2, m= Orepresents 3d] 

Which of the following is not possible? 


{[BCECE (Medical) 2007] 
(b) 2 =2,/=0,m=-1 
(d)n=3,l=lm=-1 


(a)n=2,/=1,m=0 
(c)n = 3,/=0,m=0 
[Ans. (6)] 


(Hint: When / = 0, ‘yn? will also be equal to zero.| ; 


What is the maximum number of electrons in an atom that can 


have the ee numbers 2 = 4, m, = +1? 


[PMT (Kerala) 2007] - 
(a4 (15 ()3 @l (6 
[Ans. (€)] . , 
[Hint: n=4, J=0; m,=0 
l=1; 9 m,=-1,0,4+1- 
 =2;  m,=-2,-1,0,+ 1,42 
‘1=3; m, = ~3,-2,-1,0,+1,4+ 2,43 


There are three orbitals having m, = +1, thus maximum number 
of electrons in them will be 6.] 


246 AUFBAU PRINCIPLE 


Aufbau is a German word meaning ‘building up’. This gives us a 
sequence in which various subshells are filled up depending on 
the relative order of the energy of the subshells. The subshell 
with minimum energy is filled up first and when this obtains 
maximum quota of electrons, then the next subshell of higher 
energy starts filling. 

The sequence in which. the various subshells are filled is the. 
following: = 


?=0 /=1 /=2 {=3 


Bs 
ss 
= 
es 


5 
De 


Fig. 2.18 Order of filling of various subshells 


1s,2s,2 p,3s,3 p,4s,3d,4p,5s,4d, 5p,6s,4f,5d,6p,7s, 5f,6d, 7p. 


The sequence in which various subshells are filled up can also 
be determined with the help of (2 + / ) value for a given subshell. 


The subshell with lowest (# + /) value is filled up first. When 


two or more subshells have same (+ / ) value, the subshell 
with lowest value of ‘n’ is filled up first. 


 Subshell —o# I (n+l 

Is 1 0 1 

Is 2 0 i ; 
Ip. 2 1 3 } _ Lowest value of n 
3s 3 0 3 . 

ap 2S ee ae Lowest value of n 
4s 4 =: 0 4 ; 

3d 3 2 a) ’ 

4p «.4 l 5 Lowest value of # 
5s 5 0 s . 


ee 


“Subshell 


it 
4d 4 
5p 5 
6s — . 6 
4f 4 
5 
6 
7 
5 
6 


a Lowest value of n 


5d 
6p 

' Ws 
sf 
6d 
Tp 7 1 


© OWI IND DH 


Lowest value of n 


ca 


The energy of electron in a hydrogen atom and other’ single. 


electron species like He* , Li** and Be** is determined solely by 
the principal quantum number. The energy of orbitals in 
hydrogen and hydrogen like species increases as follows: 
Is < 2s = 2p <3s=3p=3d <4s= 4p=4d=4f<... 

The complete electronic configuration of all the known 
_ elements have been given in the table on next page. It is observed 
that few of the elements possess slightly different electronic 
configurations than expected on the basis of Aufbau Principle. 
These elements have been marked with asterisk (*) sign. 


“299° HUND’S RULE OF MAXIMUM 
MULTIPLICITY (Orbitat Diagrams) 


_ There is one more method of representing the electronic config- 
uration which is usually called as orbital diagram. In this method, 
the electron is shown by an arrow: upward direction T (clockwise 
spin) and downward direction L (anti-clockwise spin). 


To indicate the distribution of electrons among the orbitals of 
an atom, arrows are placed over bars that symbolise orbitals. 


Hydrogen, for example, is represented as . The next element. | 


’ ; bla ad F ie 
with atomic number 2 is helium. It is represented as ae Le,: 


- both the electrons are present on the same orbital 1s and are paired 
(spins are in opposite directions). The next two. elements are Li 


. .and Be with three and four electrons, respectively. These are 


represented by orbital diagrams as: 


Li eee 
Be © Tet 
ls © 2s 
These can also be written as: ie 
Paes) _ t 
Li [He] %s 
Be [He] m 


In Be, 2s-orbital has been completed. a fifth electron in the 
case of boron enters the next available subshell which is 2p. Thus, 
the electronic configuration of boron is 1s? 2s? 2p!. In the orbital 


~ diagram elt 1 , the 2p subshell has three orbitals 
oe 2s 2p 


Lowest value of n . 
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Px>P y and p,. All the three have sare energy. The electron can 
be accommodated on any one of the 2p-orbitals, In the case of 
carbon, sixth electron is also accommodated on 2p subshell and — 
its electronic configuration is represented as 1s” 2s” 2p” but three — 
orbital diagrams can be aaa 


at at. 


He] —— ——~— Electrons are present 
0 Bl Tae p 


Tet at 
” [He] oe L2p 7 Electrons 


TL TL 


———--— Both the electrons are. present on 


ae one orbital with opposite spins. 

Experiments show that (i) orbital diagram is correct while (ii)” 
and (iii) are not correct. This has given birth to a new rule known 
as Hund’s rule of maximum multiplicity. It states that electrons 
are distributed among the orbitals of a subshell in such.a way: 
as to give the maximum numiber of unpaired electrons with 
parallel spins. Thus, the orbitals available in a subshell are first 
filled singly before they begin to pair. This means that pairing of 
electrons occurs with the introduction of second electron in 
s-orbitals, the fourth electron in p-orbitals, sixth electron in 
d-orbitals and eighth electron in f-orbitals. The orbital diagrams of 
nitrogen, oxygen, fluorine and neon are as given below: 


on two 
different orbitals with parallel i 


on. two 
different orbitals with opposite spins. 


are present 


(iii) [He] — 


Nitrogen (7) [He] TLT TT 
‘2s Lapt 
_ Oxygen —_(8) [He] ti tl t4 
: af “2s ~ Lapt 
Fluorine — (9) [He] TL TL TIT 
2s L apt 
Neon, _—_(10) (fey TL TL TTL 
: 2s OL Capt 


. The orbital diagrams of lenene from atomic number 21 to 30 
‘can be represented on similar lines as below: 


Se [Ar3d'4s2 [Ar] T — — — — Th 
Ti [Ar] 3d? 4s? a) ey = & —~ Tt 
V_ [Ar]3d > 48? tT T T — + To. 
contest OT oT oT tT ot Ft 
Ma fadadt4? TOT OT OP RO 
Fewer Th ot ot t ton 
Co fAaa742 NL ONT OUT COUT OT 
Nowidat TL Nom tot 1 
Cufaad@ass MONON MTL tS 
mm taqad@at oO ON ON NTL ot 

eee 4s 
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| Ss5p5d5f ° 


-|s completed) 


—— 


[us completed) 


(2p completed) 


es completed) 


(3p completed) 


(4s completed) 


(Gd completed) 


{Ap completed) 


2 (5s completed) 


a 


 !2 (4d completed) 


| 
od. 


2 6 (Sp completed) 


10 


-: ELECTRONIC:CONFIGURATION OF ELEMENTS 


10 


i ligvenesaeeue 


10 | 


‘ 


¢ 


Element 
Cs 
Ba re 
*La 57 
*Ce 58 
Pr §9 
Nd 60 
*Pm 61 
Sm 62 
Eu 63 
*Gd 64 
Tb 65 
Dy 66 
Ho 67 
Er 68 
Tm 69 
Yb 70 
Lu 71 
Hf. 72 
Ta 3 
WwW 14 
Re ae) 
76 
Ir V7 
*Pi 78 
*Au 719 
Hg. 80 
Th 81 
Pb 82 
Bi 83 
Po 84. 
At $5 
Rn 86 
Fr 87 
Ra | 88 
*Ac 89 
*Th 90 
“*Pa 91 
*U — 9 
*Np - 93 
Pu 94 
Am 95 
*Cm 96 
*Bk 97 
Cf 98 
Es 99 
Fm 100 
Md 101 
No 102 
*Lr 103 
Kuor Rf 104° 
Ha or Db. 10s’ 
Sz 106 
Bh 107 
Hs 108 
Mt 109 
*Uun or Ds 110 
*Uuu or Rg toe 
Uub 112 
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18 
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8 
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i) 
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_ ELECTRONIC CONFIGURATION OF ELEMENTS 
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RNANANADAARAAAAAH 


ERGBES ery wave 
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— 
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jnalaacace DNDNDDDNHAD A AADAADAAAAAA AAA A SH 


DANADADAADANDANANRANANDADAAAA 
VNNHNHDNNNINNNNNNNYNNNNNKNN NN 


(6s completed) 


(4f completed) 


(5d completed) 


6(6p completed) 


ee ey 


AA NADRADAA AA ARIA ARANDA HA AAA AAA A 


ay 


nt eet ee Ne 


eo GNA WH & Ww he 


it 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
1 
1 
2 


(Sf completed) 


Predicted 
electronic 
configurations 


(6d completed) 
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All those atoms which consist ‘of at least one of the orbitals 
singly occupied behave as paramagnetic materials because these 
are weakly attracted to a magnetic field, while all those atonis in 
which all the orbitals are doubly occupied behave as 
diamagnetic materials because they have no attraction for 
magnetic field. However, these are slightly repelled by magnetic 
‘field due to induction. 

Magnetic moment may be calculated as, 


n(n +2) BM 


’ 1 BM (Bohr Magneton) = —— 
7 4nmc : 
where, n = no. of unpaired electron 


Exceptions to Aufbau Principle 


In some cases, it is seen that actual electronic arrangement is 
slightly different from arrangement given by aufbau principle. A 
simple reason behind this is that half-filled and full-fi Iled 
subshells have got extra stability. 


Ch, —> — Is?, 2s?2p°, 35737) $344, 45? (wrong) 
— > . Is’, 2s?2p°, 3573 p°3d 5, 4s! (right) 
Cuz — > Is?, 2s?2p°, 3573793745? =r ong) 
> — Is?, 2s22p8, 3573 p3a", 45! (right) 


Similarly the following - elements have slightly different 
configurations than expected: 


Nb,, —>[Kr]4d45s' 

Mo,, —>[Kr]4d°5s! 

Ru 4, ——>[Kr]4d’ 5s! 

Rh 4, —>[Kr}4d® 5s! 
~ Pd4g —>[Kr]4d!° 58° 

Ag 47 —> [Kr}4d"° 5s! 

Pt, —>[Xe]4f '*5d° 6s" 

Au 7 —>[Xe]4 f *5d'° 6s! 

La 57 —> [Kr] 4a'° 5s? 5p° 5d! 6s” . 
“ Cesg ——> [Kr] 4d'° 4 f? 5s? 5p° 5d° 6s? 
Gd 6, —>[Kr] 4d'°4 7 5s? 5p° 5d! 6s? 


2.20 PHOTOELECTRIC EFFECT 


Emission of electrons from a metal surface when exposed to light 
radiations Sf % appropriate wavelength is called photoelectric 
effect. The emitted electrons are called photoelectrons. 

. Work function or threshold energy may be defined as the 
minimum amount of energy requires to eject electrons from a 
‘metal surface. 

According to Einstein, ; 

- Maximum kinetic energy of the ejected electron 
’ = absorbed energy — work function 
1 


5m? mex =hv-hvy 


where, vy and A, are threshold frequency and threshold 


wavelength respectively. 

Stopping potential: The minimum potential at which the 
plate photoelectric. current becomes zero is s called stopping 
potential. 4 

IfV, is the stopping potential, then 

eV, =h(v—-Vo) 


Laws of Photoelectric Effect 


(i) Rate of emission of photoelectrons from a metal surface 
‘is directly proportional to the intensity of incident light. 

(ii) The maximum kinetic energy of photoelectrons is _ 
directly proportional to the frequency of incident | 
radiation; moreover, it is epee of ihe eeny of 


light used. -  - Rapes out es 


(iit) There is no time a between incidence of light and 
emission of photoelectrons. 

(iv) For emission of photoelectrons, the frequency of incident 
light must be equal to or greater than the threshold 
frequency. 


LLUSTRATIONS: OF OBJECTIVE QUE : 


ae _28. The maximum kinetic energy of photoelectrons ejected from 


a metal, when it is irradiated with radiation of frequency 
2x 10's”! is 663 x 10° J. The threshold frequency of the 


metal is: [PMT (Kerala) 2008] 

(a) 2x 104 57! s (b) 3x 104s"! 

(@2x1o*s"! (d)ix1o'4 5"! 

(e) 1x 10" 7! 

[Ans. (e)] 

[Hint : Absorbed energy = Threshold energy + Kinetic energy 
of photoelectrons 

Av =fvg+ KE | 
ANy = Av — KE 


6.626 x 10° ** x vy = 6.626 x 10°34 x 2 x 10'4 - 6.63 x 10°? 
_ 13252 x10"? - 6.63 x 10° 
on 6.626 x 10° 4 
Vp = 9.99 x 103 = 10! 5°! ] 
29. IfAq and A be-the threshold wavelength and the wavelength 
of incident light, the velocity of photoelectrons ejected will 
ss ee 


Fae, ho A 
[Ans. Oj ; 
[Hint : Absorbed energy = Threshold energy + Kinetic energy 
; of phowelectons ; 
he _he 1 3 
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2he (Ao = A) ] 

a 8 : Ady , Ve. 84 

30. A radiation of wavelength A illuminates a metal and ejects 
photoelectrons of maximum kinetic energy of leV. Another 


v= 
4 m 


radiation of wavelength *, ejects . photoelectrons of 


maximum kinetic energy of 4 eV. What will be the work 
function of metal? 


(a) leV (b) 2eV (3) 0.5eV (d) 3eV 

[Ans. (c)] 

[Hint : Absorbed energy = Threshold energy + Kinetic energy 

: . ge ’ .of photoelectrons -- 
c : ‘ 

h-=E,+1eV (i 
Z ie ¢ (i) 
c 
3h —=£, + 4eV 

i as 


3(Ey + LeV)=Ey + 4eV 
Ey = 0.5eV] 


Ail) 


_ 32, 


i 
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t 
(Slope),/ (Slope), = —"- = €] 
hie. 7- 
' Ground state energy of H-atom is (- £,), the velocity of 


photoelectrons emitted when photon of energy £, strikes 
stationary Li** ion in ground state will be: : 


@yo= [MEAD wo= (2G + 9B) 
m rs 
v= 


m ; 
) 


oe [2 - 9E,) (d) [2 (E, — 3, 
=, ts m ; m 
[Ans. (c)] 


[Hint: Threshold energy of Li* =92,- weet 
Absorbed energy = Threshold energy + Kinetic energy of 
_ photoelectrons. 
Ey = 9E, + zm 
mv? ="2(E - 9E,) 


31. The ratio of slopes of maximum kinetic energy “versus m ey 
frequency and stoppin tential (¥,) versus frequency, in : 
si ice ae cica Ge , is 2.21 SOME OTHER FUNDAMENTAL 
(a) charge of electron | (b) planck’s constant PARTICLES ; . 
(c) work function (d) threshold frequency Besides protons, neutrons and electrons, many more elementary 
[Ans. (a) ; particles have been discovered. These paiticles are also called 
_ Hint: Av = AVo FieEg eee 2, Fundamental particles. Some of these particles are stable while 
eVy=hv-hvg .. a the others are unstable. Out of stable particles, the electron, the © 
Vy =-v-—Vy ..(i), - proton, the antiproton and the positron are four mass particles 
he while neutrino, photon and graviton are three energy particles. 
(Slope), aA € ; : Among these, unstable particles are neutron, meson and 
are Z Vo (i) y.particles. The main: characteristics of the particles are given in 
(Slope), = table 2.1 below. 
Table 2.1 
Particle as Symbol Nature Charge esu x10"! Mags (amu) Discovered by 
Positron ele", B* + + 4.8029 0.0005486 Anderson (1932) 
Neutrino — ar > 3 a oO 0 < 0.00002 Pauli . ne 
Antiproton . 4G P _ = 4.8029 1.00787 ‘Chamberlain Sugri and Weighland (1955) 
Photon hv 0 0 0 Planck ; 
Graviton G 1) 0 o- 
Positive mu meson pe + + 4.8029 0.1152 Yukawa (1935) 
_ Negative mu meson - ” wo ~ ~ 4.8029 0.1152 Anderson (1937) 
Positive pi meson nt + + 4.8029 0.1514 _ 
Negative pi meson a ‘ a — 4.8029 0.1514 Powell (1947) 
‘Neutral pi meson , Oo 0 0.1454 


2.22 ISOTOPES 


Isotopes are the atoms of the same element having different 
atomic masses (see determination of isotopic mass). The term 
‘isotope’ was introduced by Seddy. This is a Greek word 
meaning same position (Jsos = same, topes = position), since all 
the isotopes of an element occupy the same position in the 
periodic table. Isotopes of an element possess identical chemical 
properties but differ slightly in physical properties which depend 


on atomic mass. Isotopes were first identified in radioactive 
elements by Soddy, In 1919, Thomson established the existence 
of isotopes in a non-radioactive element, neon. Until now, more 


_ than 1000 isotopes have been identified (natural as well as 


artificial). Out of these about 320 occur in nature, approximately 


280 of these are stable and the remaining 40 are radioactive. 


- “ATOMIC STRUCTURE ~ 


Conclusions © ~ 


(i) Number of neutrons present in the nuclei of various 


isotopes of an élement is always different. The number of 


neutrons is determined by applying the formula N = A - Z 
where A is mass number and Z is atomic number. 
Hydrogen has three isotopes, 1H, ?Hand 7H. 


A(Mass number) Z No. of neutrons | 
iH 1 oA 0 
iH 3 $2 1 1 
we 3 1 2 
Oxygen has three isotopes, OQ, "Oand "80. 
, | a 4 No. of neutrons 
30 16 8 8 
VQ AT go 9 
ig ees ge ie age ayy ese 


(it) In a neutral atom, the number of protons and the number 
of electrons are alWays the same, ie., the electronic 
configuration of all the isotopes of an element is the 
same. Thus, all the isotopes of an element show the same 
chemical properties. However, the rates of reactions may 
be different for different isotopes of an element. 

(iii) All the isotopes of an element occupy the same position 
in the periodic table. 

(iv) The isotopes of an element differ slightly in physical 
properties. The compounds formed by these isotopes will 
also have different physical properties. 


Determination of Isotopic Mass 


Chlorine has two isotopes ,7 Cl°> and ,7 C1”; these are found 


in nature in 3 : 1 ratio or 75%:: 25% respectively. Isotopic mass: 


may be calculated as: 
Isotopic mass of chlorine 


_ %of Cl 


[00 
= 9.4 35475. x 372 355 
100 100 


x mass of C1>” 


‘ 37 
x mass of C15 + 


OR 
Isotopic mass of chlorine - : 
_ Ratio of Cl>> x mass of Cl*> + Ratio of C1?” x mass of C1*” 
Sum of ratio 


2X35 +1X 37 ges 


2.23 THEORIES OF NUCLEAR STABILITY 


Since, a nucleus contains positively charged protons, there must 
exist a strong repulsive force between them. It has been 
calculated that there exists an electrostatic repulsion of 


approximately six tons between two protons situated at a nuclear - 


distance but at the same time the forces which bind the nucleus 
are very high. It has been found that nuclear forces attracting the 


103 
same two particles (i.e., protons) are at least forty times greater 
than the repulsive forces, Thus, two major forces exist in the 
nucleus. These are electrostatic and nucléar. The nuclear forces 


are stronger and the range of these forces is extremely small. The 


. forces which operate between nucleons are referred to as 


exchange forces. In order to account for the stability of the 
nucleus, a theory known as meson theory was put forward by 
Yukawa, in 1935. Yukawa pointed out that neutrons and protons 
are held together by very rapid exchange of nuclear particles 
called pi mesons. These mesons may be electrically neutral, 
positive or negative (designated as n°,n* and =” )and Possess a - 
mass 275 times the mass of an electron. Nuclear forces arise from 
a constant exchange of mesons between nucleons with very high 
velocity (practically the velocity of light). 

Let a neutron be converted into a proton by the emission of a 
negative meson. The emitted meson is accepted by another 
proton and converted into a neutron. 

Ny partn 
1% + pz ny, 

Similarly, a proton after emitting a positive meson is 
converted into a neutron and vice-versa. 

py ngtn 

Tl +n > Pp 


or simply pw nth 
nn +p 
There may be two more types of exchange, i.e., between 
neutron-neutron and proton-proton, involving neutral pi mesons. 
Pp nn. no no 
> > orsimply p=—p and n=——n 
p n \ nw ig 


Mass Defect—Binding Energy 


It is observed that the atomic mass of all nuclei (except 
hydrogen) is different from the sum of the masses of protons and 
neutrons. For example, the helium nucleus consists of 2 protons 
and 2 neutrons. The combined mass of 2 protons and 2 neutrons - 
should be 

= 2x 1.00758+ 2x 1.00893 
= 4.03302 amu 

The actual observed mass of helium nuclei is 4.0028 amu. A 
difference of 0.0302 amu is observed between these two values. 
This difference is termed as mass defect. , 


Mass defect = Total mass of nucleons “ Observed atomic mass 


This decrease in mass (i.e., mass defect} is converted into 
energy according to Einstein equation E = mc’. The energy 
released when a nucleus is formed from protons and neutrons is - 
called the binding energy. This is the forge which holds all the«. 
nucleons together in the nucleus. Binding energy can be defined in 
other ways also, i.e. , the energy required to:-break the nucleus-into 
constituent protons and neutrons. Binding energy is measured in 


MeV (Million Electron-Volts), i. ¢., 1 amu = 931MeV. 


Binding energy = Mass defect x 931 MeV 


104 


_ Binding energy can also be calculated in erg. This is _ 
= Mass defect (amu) x 1.66 1074 x (3x 10")? erg 


(1 MeV=1.60x 10° erg) 


The binding energy increases with the increase in atomic 
aumber of the element. This indicates that heavier nuclei should 


_ be more stable than lighter nuclei. But, it is not so because 

heavier nuclei above atomic number 82 are unstable. It is thus. 
clear that total binding energy of a nucleus does not explain the + ‘ 
_ stability of the nucleus. ; 


The total binding energy of a nucleus when divided the 
number of nucleons gives the average or mean binding energy 
per nucleon. The binding energy per. nucleon is actually the 
measure of the stability of the nucleus. The greater the binding 
energy per nucleon, more stable is the nucleus, 


Bde ! Total binding energy 
Binding energy per nucleon = ——————__——___ 
¢ Total number of nucleons 


“When binding energy per nucleon of a number of nuclei is 
plotted against the corresponding mass number, a graph is 


obtained Fig. 2.19) whose characteristics are as follows: 


Region of 
greatest stability 


—— 
© 


Binding energy per nucleon (MeV) 
> 


Q 20 40 60 80 100 120 140 160.180 200 220 240 
‘Mass number, A -———> 
. _ Fig. 2.19 
(i) Binding energy per nucleon increases from 1.1 to 8.0 
MeV from mass number 2.to 20. 


(ii) Binding energy per nucleon increases from 8 to 8.6 MeV 


from mass number 20 to 40. 


(iii) Binding energy per nucleon remains 8.6 — 8.7 MeV from. 


mass number 40 to 90. Iron (56) has the maximum value 
of 8.7 MeV per nucleon. 

(iv) The value of binding energy per nucleon decreases from 
8.6 to 7.5 MeV from mass number 90 to 240. 

-- (v) Points for helium, carbon, oxygen lie quite high in the 

graph showing that these nuclei are highly stable. 

The binding energy per nucleon can be increased in two ways: 

(i) Either by breaking heavy nucleus to those of 
intermediate mass numbers (process of fission) or © 

(ii) By fusing lighter nuclei to font heavier nuclei (process 
of fusion). 
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THE WHOLE NUMBER RULE AND 
PACKING FRACTION — 


Aston believed that mass number values (sum of protons and . 
neutrons) of isotopes should be whole numbers on the scale of 
oxygen ('°O=16) but actually it was observed that these were. 


’ not integers. The difference in the atomic mass of an isotope and 


mass number was expressed by Aston (1927) as packing 


: fraction ‘by the following expression: 


Packing fraction = Isotopic atomic mass — Mass nurnber x 104 
Mass number 
Thus, the packing fraction of 'H= aac aa x 10* = 78 and 
the packing fraction of 35Cl So x 104 =—5.7. The 


packing fraction of oxygen is zero. 


It is clear that the value-of packing fraction. varies’ from one—————-- 


atom to other. This is sometime positive or zero but more often 
negative. 

A negative packing fraction means that atomic mass is less 
than nearest whole number and this suggests that some mass has 
been converted into energy when the particular isotope has been 
constituted, This energy is responsible for nuclear stability. All 
those having negative values of packing fraction are stable 
nuclei. 

A positive packing fraction generally indicates instability of 
the nucleus. However, this statement is not correct for lighter 


nuclei. 


In general, lower the value of packs fraction, the greater is 
the stability of the nucleus. The lowest values of packing 
fractions are observed for transition elements or iron: family 
indicating thereby maximum stability of their nuclei. 


25’ THE MAGIC NUMBERS 


It has been observed that atoms with an even number. of nucleons 
in their nuclei are more plentiful than those with odd number. 
This indicates that a nucleus made up of even number of nucleons 
is more stable than a nuclei which consists of odd number of 
nucleons. It has also been observed that a stable nuclei results 
when either the number of neutrons or that of protons is equal to 
one of the numbers 2, 8, 20, 50, 82, 126. These numbers are 
called magic numbers. It is thought that the magic numbers form 
closed nuclear shells in the same way as the atomic numbers of 
inert gases form stable electronic configuration. In general, 
elements that have nuclei with magic number of do: as well 
as magic number of neutrons such as 3He, 160, 39Ca, 728 Pb are 
highly stable and found in abundance in nature. 

A survey of stable nuclei found. in ‘nature anows the following 
trend: 


Even 


Protons Even Odd . Odd : 
Neutrons Even Odd Even -Odd 
No. of stable nuclei =—-157 52 50 5 


Only nve stable odd-odd oe are known; these nuclides 
are 2H, STi, OR ‘Nand "3 ty 
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Example 46. The minimum energy required to overcome 
a attractive forces between an electron and the surface of Ag 
metal is 5.52% 10° J. What will be the maximum kinetic energy 


of electrons ejected out from Ag which is being exposed to UV. 
light of d = 360.4? 


Solution: Energy of the photon absorbed 
_ hee _ 6625x107? x 3x10" 
hk 360x108 
= 552x101! erg 
= 552x108 J 
E(photon) = work function + KE . 
KE =5.52x 1078 — 752x107" | 


= 4768x107" J 


“" Example 47. Let a light of wavelength ). and intensity ‘I’ 
strikes a metal surface to emit x electrons per second. Average 
energy of each electron is ‘y’unit. What will happen to ‘x’and ‘y 
when (a)d is halved (b) intensity 1 is doubled? 

Solution: (a) Rate of emission of electron is independent of 
wavelength. Hence, ‘x’ will be unaffected.’ 


Kinetic energy of photoelectron = Absorbed = - Threshold 
energy energy 


y= iw 
a 


when, A is halved, average energy will increase but it will not 
become double. _ 

(b) Rate of emission of electron per second ‘x’ will become 
double when intensity J is doubled. Average energy of ejected 
electron, i.e., ‘y’ will be unaffected by increase in the intensity of 
Hent 

~’ Example 48. How many orbits, orbitals and electrons are 
share’ in an atom having atomic mass 24 and atomic number 12? 

Solution: 

Atomic number = No. of protons = No. of clecttons = = 12 

Electronic configuration = 2, 8, 2 

No. of orbits = (K, L and M ) 

No. of orbitals on which electrons are present 

= (one Is + one 2s + three 2p + one 3s) 
*< Example 49. 4 neutral atom has 2K electrons, 
electrons and 6 M electrons. Predict from this: 


8L 


(a) its atomic number, (b) total number of s-electrons, (c) total 


number of p-electrons, (d) total number of d-electrons. 

Solution: (a) Total number of electrons . 

«= (2+84+6)=16 

So, Atomic number = 16 
Electronic configuration = 1s? ,2s?2p°, 3s” 3p? 

(b) Total number of s-electrons = (1s? + 2s” + 3s7)=6 
(c) Total number of p -electrons = (2p° + 3p*)=10 
(d) Total number of d -electrons = 0. 
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Example 50. Write down the values of quantum numbers 
of all the electrons present in the outermost orbit of argon 
(At. No. 18). 


Solution: The electronic configuration of argon is 


Is”, 2s72p®, 3s” 3p; 3p, 3p; 


Values of quantum numbers are: 


n 1 m Ss 
3s” 3 0. 0 +¥-¥ 
38 1 +1 +4.-K 
3p, 3 1 +1 +%,-¥, 
3p 3 1 0 + ¥, ~¥% ; 
Example §1. (a) An electron is in 5f-orbital. What 


possible values of quantum numbers n, |, m and s can it have? 
(b) What designation is given to an orbital having 
(i) n=2,1= land (ii) n=3,1=0? ; 
Solution: (a) For an electron in 5forbital, quantum numbers 
n=5;. 


1=3;  m=~3,-2,-1,0,4+1,4+2,+3 


and ‘s=either + i or — 4 
2 2 


_ &)@2p, Gi 3s 
.4.aixample §2. Atomic number of sodium is 11. Write down 


* “the four quantum numbers of the electron having highest energy. 


Solution: The electronic configuration of sodium is: 


Is” , 2s? 2p, 3s! 
3s-electron has the highest energy. Its quantum numbers are: 


gee eO eee aoe 
2 2 


Example 53. An element has 8 electrons in 4d-subshell. 
Show the distribution of 8 electrons in the d-orbitals of the 
element within small rectangles. 

Solution: 4d-subshell has five d-orbitals. These are first 
occupied singly and then pairing occurs. The distribution can be 
shown in the following manner: 


4d 
iri[ra[tey t | t | 


- ». Example 54. How many elements would be in the third 
period of the periodic table if the spin quantum number m, could 


have the value ~ ; ,0 and + : ? 


_ Solution: 
n=3,1=Qm= m,="%,0,+ 4 
. m, =~¥%,0,+¥, 
[ahem ==, 0,4 1 m, =~, 0, % 
2 m, =-¥, 0, +) aA 
m, =7%,0,+% } 
for each value of 
1=2 m=~2,-1,0,+1,+2 magnetic 
quantum no. . 
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Number of elements = 3s (3e) 
| 3p (9e) 
3d (15e) 
. 27 elements will be there in third period of periodic table. 
.. Example 55. The binding energy of }He is 28.57 MeV. 
What shall be the binding energy per nucleon of this element? 


Solution: The nucleus of 3 He consists of 4 nucleons. 


Total binding energy 
No. of nucleons 


= 27 114 Mev 


So, Binding energy per nucleon = 


Erambe 56. - Calculate the binding energy of the oxygen 
isotope 'O. The mass of the isotope is 16.0 amu. (Given 


e= 0.005486 amu, p= 1.00757 amu and n = 1.00893 amu.) .- 
Solution: The  isotope- 30 contains 8 protons, 
8 neutrons and 8 electrons. 


Actual mass of the nucleus.of '$ O 


= 16— mass of 8 electrons 


MIM a 
These Pegenples, will give the sharp edve to ‘the aspirants ioe 
LIT and various other entrance examinations. 


Example 1. The Schrédinger wave equation for hydrogen 
atom is 
3/2 
Wo; = : (+) 2 - | e 7/40 
4V2n \4o ay 


where a, is Bohr radius. If the radial node in 2s be at‘ry , then 
find rin terms of ag. (HIT 2004) 
Solution: Given, 


3/2 
Was = (4) [2 - | e140 
4/2n a a 


w3, = Oat node 


2-2 =0 
a 
% = 2ag 


_ Example 2. Consider the hydrogen atom to be a proton 
embedded in a cavity of radius ay (Bohr radius) whose charge is 
neutralized by the addition of an electron to the cavity in vacuum 
infinitely slowly. Estimate the average total energy of an electron 
in its ground state in a hydrogen atom as the work done in the 
above neutralization process. Also, if the magnitude of average 
KE is half the magnitude of average potential energy, find the 
average potential energy. (IT 1996) 
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. MISCELLANEOUS NUMERICAL EXAMPLES 4 


7 3 = 16— 8x 010005486 = 15.9956 amu 
Mass of the nucleus of '6 20 


= mass of 8 protons + mass of 8 neutrons 


= 8x 1,00757+ 8x 1.00893 = 16. 132amu 


Mass defect =(16. 132 — 15.9956) = 0.1364 anu 
Binding energy = 0.1364 x 931=127 MeV 


Example 57. There are four atoms which have mass 
numbers 9,10, 11 and 12 respectively. Their binding energies are 
54, 70, 66 and 78 MeV respectively. Which one of the atoms is 
most stable? 


Solution: Stability depends on the value of binding energy 
per nucleon. ; : 
A B Cc D 
Binding energy (MeV) 54 70 66 78 
No.ofnucleons Te ana | Oa Pt 
Binding energy per nucleon (MeV) 6 7 6 65 


Thus, B is most stable. 


Za 


Solution: 
Coulombic force of attraction = Centrifugal fie 


1 Zexe a 
2 
4nE_ ao ao 


‘where, v = velocity of electron 


@q = distance between electron and nucleus 


1 Ze* 2 
—— = NV 
ATE y ay ‘ 
2 
KE=— mo? = 1 & 
2 j Ane, Jay 
PE=~2XxKE | _, 
2 2 
ery, Ai Ze -__! @ 
(Ane 2ag Ane, a 


Example 3. Hydrogen atoms are excited from ground 


state. Its spectrum contains wavelength 486 nm. Find, what 


transition does the line corresponds to. Also find from this 
information what other wavelengths will be present in the 
spectrum? 

Solution: Wavelength 486 nm, i.e., 4860 A indicates that 
the spectrum is in visible region, i.e. , Balmer series. 
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a = 109677.76 x 1 = ae 
4860x 107 2 


- On solving, we get 
nz = 16 
Ry = 4 
Thus, transition is from, 4 —> 2 
Other transitions in the spectrum are 
453-2 
+ = 109677.76x 2 x EB ze 3 | 
r 7 4 
X= 1875x1077 cm 


Example 4. if uncertainties in the measurement of 
position and momentum: of an electron are- equal, calculate 
uncertainty in the measurement of velocity. 

Solution: According to Heisenberg’s uncertainty principle, 
apap 
4n 


Given, Ax = Ap = ns = 0.726 x 107!” 
. v1 


Ap =mAV 
"OA 17 
or AV aoe = 0:726x 10 tx 10? we 
m  91x107! 


Example 5. How much energy will be released when a 
sodium ion and a chloride ion, originally at infinite distance are 
brought together to a distance of 2.164 (the shortest distance of 
approach in a sodium chloride crystal)? Assume that ions act as 


point charges, each with a magnitude of 16x10 C.° 


Permittivity constant of the medium is 9x 10° Nm?C ~. 


Solution: Energy released 
: 9 -19 2 : 
sq Oe en = Y= -8.35x 107 J 
r -  2.76x 107° 
. Example 6. The angular momentum of an electron in a 


Bohr orbit of H-atom is 4.2178 x 10~** kg m?/sec. Calculate the 
spectral line emitted when an electron fails from this level to the 
next lower level. : 


Solution: We know, a n ‘t 


ye 626 10°** 
2x 3.14 


4.2178x 1074 = 


Llp. a 
= 109678) - ral 
A=1.8x 10 om 
Example 7. A negatively charged particle called 


Negatron was discovered. In the Millikan’ oil-drop experiment, 
the charges of the oil-drops in five experiments are reported as 
3.2x 107? coulomb; 48x 107'° coulomb; 64x 107"? coulomb; 
8x 10°'? coulomb and 9.6 x 10~'? coulomb. Calculate the charge 
on the negatron. 

Solution: In Millikan’s oil-drop experiment; the charges on 
the oil-drops are integral multiples of the charge of the particle. 


- Dividing the charges of droplets by the lowest charge: 


(i 3.2x 107" _ 48x10? | 
” 32x10 — axe? 
64x10? . - 8xio”? a 
(i) 2x10 () 32x10 
96x 107!” 
(v). 32x10" 
32x 10 


All the values are not integral; they ¢ can be converted to 
integers on multiplying by 2. 
.. Charge of the negatron will be 


-19 : 
oe toxic 


_Example 8. When a certain metal was irradiated with 
light of frequency 3.2x 10'° Hz, the photoelectrons emitted had 
twice the kinetic energy as did photoelectrons emitted when the - 
same metal was irradiated with light of. “frequency 2.0 oe Hz, 
Calculate v, for the metal. 


Solution: Applying photoelectric equation, 
KE = hv as ANG 
h 
Given, KE, = 2KE, 
f KE 
i aera -- @ 
- and » ii tyioe eels > - ati) 
ae h 
Dividing equation (i) by equation (ii), 
Vo = Vo KE, 2KE, 5) 
Vv, —Vo KE, KE, 
or Vo = 2V, — V2 = 2(2.0x 10" )- (32x 10!°) 
| = 8.0x 10! Hz 
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Example 9. An electron moves in an electric field with a 
kinetic energy of 2.5 eV. What is the associated de Broglie 
wavelength? 


Solution: Kinetic energy 
| ea 
=—mo~ |v=— 
2 ma 
ara} 
= Mn) —— 
2 \ma 
Pelee 
2 mr? 
2 
“or 2 = E 
2 mx KE 
= m= 9.108 x 10° g_ 
A = | h = 6.626 10 erg -sec | 
em KE | ev 1.602 107” erg 
as _ 6626 x 10°?” | 
2x 9108 x 10° x 2.5% 1.602x 107? 
: = 77x10 cm 


- Example 10. Consider the following two electronic 
transition possibilities in a hydrogen atom as pictured below: 


: n=3 
- n=] 


(a) The electron drops from third Bohr orbit to second Bohr 


orbit followed with the next transition from. second to first Bohr 
orbit. 

(b) The electron a from. third Bohr orbit.to jirst Bohr 
orbit directly. Show that the sum of energies for the transitions 
n=3ton=2andn=2ton=lis equal to the energy of transition 
forn=3ton=1. 


Solution: Applying, AE = Ry ee 
Ay My 


Forn=3ton=2; 


1 1 5 Bc 

AE, .5 = Ry | —-— |=Ry X— ..- Gi 

392 aE + | HX @) 
Forn=2ton=1; 

7 ae | 3 : 

Waa Ra |e oe| RH ..- (il) 


Fora =3ton=1; 


eae ait, 8 si 
AEs 4 = Ry Fa J leRu xe ee (iii) 
Adding equations (i) and (ii), 
5.3 5427). .8 
Ry|—+—|=R =Ry x— 
(3 ;| n{ 2) ae 


Thus, 


AE, _,; = AE,_,. + AE)_,, 
-.. Example 11. Jf an electron is moving with velocity 
500ms~', which is accurate up to 0. 005% then calculate 


uncertainty in its position. [h = 6.63 x 107 34 Js, mass of electron 
=91x 107?! kg] 


[AIPMT (Mains) 2608] 
Solution : Uncertainty in velocity a 
Ay = £00%0.005 _ 5 19-2 mg-! 
100 . 
According to Heisenberg’s uncertainty principle 
Ax Av ae 
4nm 
h 
4nmAv 
6.63 x 10° #4 
"4x 3.14x9.1x 107! x 3x 1072 
=1.9x 10°*m 


. Bxample 12. Applying Bohr’ angel ie HF atom comes 
from n=4 to n=2, calculate its wavelength. In this process, 
write whether energy is released or absorbed? Also write the 
range of radiation. Ry = 2.18x10-'8 J, h= 6.63 x 10" *4Js. 

(AIPMT 2008) 
Solution : Energy is released in this process; and the radiation 
will belong to visible region (Balmer series) 


he 2 1 1 
=—=R,Z° | —~— 
A la? ne? 


218x107 xP Tat 
~ 6.63x 1073 x3x 108 E 4 
— 218x10°'% x? [3 
~ 6.63104 x 3x10 lis 
_ 6.63x 10 x3x10° X16 _ jog gto 
3x 2.18 107 * 


= 4866A 
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SUMMARY AND IMPORTANT POINTS TO REMEMBER 


1. Atom is the smallest indivisible particle of matter 
(proposed by John Dalton in 1808). 


2. All atoms except hydrogen atom are composed of three 
fundamental particles, namely, electron, proton and neutron. 
Hydrogen atom has one electron and one proton but n8 neutron. 

. (a) Electron: The nature and existence of electron was 
established by experiments on conduction of electricity through 
gases, i.e., discovery of cathode rays. In 1897, J.J. Thomson 
determined e/m value (-1.7588 x 10° coulomb/g) and proved 
that whatever gas be taken in the discharge tube and whatever be 
the material of the electrodes, the value of e/ mis always the same. 
Electrons are, thus, common universal constituents of all atoms. 

Electron is. a subatomic particle which carries charge 
-1.60x 107 coulomb, i.e., one unit negative eis and has 


mass 9.1x10-* g (or 91x10! kg), ie, th mass of 


hydrogen atom (0. 000549 amu). The name electron was given by 
Stoney. 

(b) Proton: The nature and existence of proton was 
established by the discovery of positive rays (Goldstein 1886). 
Proton is a subatomic particle which carries +1.6x 107" 


coulomb or one unit positive charge and has mass 1.672 x 10°74 g 
(or 1.672 x 1077’ kg), i.e., 1.0072 amu. The e/m was determined 
by Thomson in 1906 and the value is +9.579 x 104 coulomb/g. It 
was named as proton by Rutherford. 


(c) Neutron: It is a subatomic particle which carries no 
charge. Its mass is 1.675 x 10°" g (1.675 x 10°” kg) or 1.0086 


amu. It is slightly heavier than proton. It was discovered by 
Chadwick in 1932 by bombarding beryllium with o-particles. 
Be + $He-» 20+ }n 


The e/m value of neutron is zero. 

3. According to the Rutherford’s model of atom, (i) it 
consists of nucleus of very small size and high density 
(ii) electrons revolve round the nucleus in a circular path. 


Radius of nucleus = 107° m_ 


Density of nucleus = 10° tonnes/cc 
4, Atomic number (Z)= Number of protons in the nucleus 
5. Mass number (4)= Number of protons 4 + Number of 
neutrons 


6. Isotopes: These are atoms of same element having 
same atomic number but different mass numbers, ¢.g., . - 


(,H, 7H, 7H): G3Cl, 77CD 


7. Isobars: These are atoms of different elements having 
same mass number but different atomic numbers, e¢.g., 


ter, 19K, mca 


8. Isotones: These are atoms of different elements having 
same number of neutrons in the nucleus, e.g. , 


l4n,1 16, 
<C* UN, 20 


9, Electromagnetic radiations are energy waves containing 
both electric and magnetic vector perpendicular to each other. 
(i) These are transverse waves. 


(ii) They do not need any medium for their propagation They 
travel with i velocity of light. - 


(iii) v= . ,V = frequency, c= velocity of light, 
' A= wavelength . 


v= a wave number, == time period. ~~ 
: ; Vv ; 


(iv) According to Planck’s quantum theory, the energy is 


_ emitted or absorbed in the form of energy packets called quanta. 


Quantum of visible light is called photon. 
Energy of one quantum = hv 


epee 
or 


h = Planck's constant 
= 6626x 10 Isec 


10. Hydrogen spectrum: ‘Hydrogen spectrum is a line 


‘spectrum. The lines lie in visible, ultraviolet and infrared regions: 


All the lines can be classified into five series. Ritz presented a 
mathematical formula to find the wavelengths of various lines, 


1 l 
—=V=R pay 
A. ca 2 


where, R is Rydberg constant (R = 10 9678 em). 


ny Ny 


ivi series (UV region) 1 2,3,4,5,... 
Balmer series (Visible region) 2 3,4,5,6,... 
Paschen series 3 4, 5, 6, 7,... 
Brackett series (IR region) 4 5, 6,7, 8,... 
Pfund series 5 6,7, 8,9,... 


Balmer series consists of four prominent lines H, , Hg , H, and 
Hs having wavelength 6563 A, 4861 A, 4340 A and 4102 A 


respectively. 


Balmer equation is, 


where, 1 = 3, 4, 5,6,... 
The Rydberg formula is used to calculate the wavelength of 
any line of the spectrum 


& 
4 
t 
i 
; 
H 
1 
| 


ne 2 (ny tay ef 


wince x = number of lines in the spectrum; x = © for series limit 
or last line. Let, transition of electrons takes place from 7, to n, 
shell; then the number of lines can be calculated as: 


—nm Mn, —n +1) 
2 


11. Bohr’s atomic model: It is based on Planck’s 
quantum theory. Its main postulates are summarised as: 

(i) Electrons revolve round the nucleus in circular path of 
fixed energy called stationary states. 

(ii) Angular momentum of electrons are quantised, 7. @, 


(=) 
mor=n| — 
2m 


(iii) The energy as well as angular momentum both are 
quantised for electrons. It means they can have only certain 


Nunber of lines 202 


__ values of energy and angular momenta. 


12. Important formulations obtained from Bohr’s 


atomic model which are valid for single electron rT like — 


H, He*, Li2*, Be**, ete.: 
(i) E, <E,<E3<Ey, | 
(ii) (E, - E,) > (£3 -£,)> (Ey - E, yes 
where, E,, £,,£3,...are energies of corresponding shells. 


ii) = i 
a An? Ke? mZ 
K=— =9x 10° Nm?/C? 
- ANE, 


2 : ; , : 
= x0529A (where, r is the radius of Bohr orbit of 
electrons.) . : an 


(iv) Energy of. plectons) ina particular shell can be calculated 
as: 


; Z? 2n?mK7e* 
a Tamer ae 
n h 


— tiie 
E=—~—> x 21.79x 10 Vatom 
on . 
: 2 
=~ 7 x 136eV 
n 
Ze 
=——— x 1312 kJ/mol 
7 2Re 
ni n2 
Ry, =— 13.6 eV a a energy) 
(v) E, = E,/n?; :E, =E£, <7 hydrogen-like species. 


(vi) Velocity of electrons in a panels shell or orbit can be 
calculated as: 


a PE= =-==xZ 


G.RB. PHYSICAL CHEMISTRY FOR COMPETITIONS 


ok 
mr ey ts 
where, K = =9x 10? Nm?/C? 
TE g 


pa 2x 2488x 108 cin/ see 
n 


vil) Potential energy of electrons i ina particular shell: 
-~KZe? 272» 


r n : 
' (viii) Kinetic energy of electrons in a particular shell: 


Total Energy, [Es — 


TE=+PE* 
“2 


TE=—KE . - 4 
(ix) Number of revolutions per second by an electron in a 
shell: ‘ 


Velocity 0 2, 3 
_ Circumference 2mr = hy? 
(x) Frequency of electrons in mth orbit: 
. ve bi 


mr 
_ 662x10°Z* 
re een 
(xi) Period of revolution of electrons in nth orbit (7, ), 
2nr_1.5x107'n? 


T= s 
3 
nt 
* Tn“ — 
4 ; va 


_ (xii) Ionization energy = E,, ~ E, 


=0- eee 136ev} 
n2 


72 
== x136eV 

n ; 

2 
7 x 21.79x 10° J/atom 


Bos Zr 42 
(xiii) Aa 
I, : Zy hy 


_ I, and J, are ionization energies of two elements 1 and 2. 
_ (xiv) AF (Energy of transition) = R E it - +| 
Be aa ge as ois 
Rip =- 13.6eV 
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’ Ry =Rydberg constant = = = 109677 cm ° 
7 ee 


Defects of Bohr theory: (i) It fails to explain the spectra of 
multi-electron atoms. (ii) It fails to explain fine spectrum of 
hydrogen. (iii) It does not provide an.explanation why angular 
momentum should always be an integral multiple of h/2z. (iv) It 
_ does not explain splitting of spectral lines under the influence of 

magnetic field (Zeeman effect) and electric. field (Stark effect). 

13. Sommerfeld’s extension: Sommerfeld (1915) introduced 
‘the. idea of elliptical- orbits. Except first orbit which is only 
circular, the other orbits are elliptical. The second orbit has one 
elliptical and one circular suborbit. The third orbit has two 
elliptical and one circular subotbit. 

14. Dual nature: Light has dual character, i.e., it behaves 
sometimes like particles and sometimes like waves. de Broglie 
(1924) predicted that small particles such as eléctrons should 
show wave-like properties along with particle character. The 
wavelength (A) associated-with.a particle of mass m and moving 


with velocity v is given by the relationship A = ae. : where, his 
mv 


_ Planck’s constant. 

The wave nature was. confirmed by Davison and Germer’ s 
experiment. 

Davisson and Germer gave some modified equations for 
calculation of de Broglie wavelength: 


A= ; where, E = kinetic energy of the particle. 
_ N2Em 
A= wu ; where, g = charge of the particle accelerated by 
the potential of V volt. 


15. Heisenberg uncertainty principle: It is impossible to 
measure simultaneously ‘both the position and momentum.of any 
microscopic particle _ with accuracy. Mathematically, 
Ax Ap = “ ; where, Ax=uncertainty in position and 
Ap = uncertainty in momentum. It introduces the concept of 
probability of locating the electron in space around the nucleus. 

16. de Broglie concept as well as uncertainty principle have 
no significance i in everyday life because they are significant for 
only microscopic systems. 

17. When radiations of a certain minimum frequency (Vo), 


‘called threshold frequency, strike the surface of a metal, electrons 
called photoelectrons are ejected from the surface. The minimum 
energy required to eject the electrons from the metal surface is 
called threshold energy or work function. ~ 


‘Absorbed energy = Threshold energy + Kinetic energy of 
. photoelectrons 
E=E,+KE 


hv=hvy +5 mo? 


dy rdys dada 


‘number of orbitals present in a main energy level is 


. Spin angular momentum = 


Vo and A» are called threshold frequency and threshold 
wavelength respectively. , 

18. Quantum numbers: The set of four integers required __ 
to define an electron completely in an atom are called quantum . 
numbers. The first three have been derived from Schrédinger’ s 
wave equation... 


(i) Principal quantum number: It describes the name, 


‘ size and energy of the shell to which the electron belongs. 


n= 1,2, 3,4,. .. Tepresent K, L, M,N, . 


.. Shells respectively. 


Formulae for radius, energy and angular momentum of 
electrons are given earlier. - 

(ii) Azimuthal quantum number: It is denoted by ‘/’. It 
describes the shape of electron cloud and number of subshells in 
a Shell. 


1=0,1,2,3,...,07-1) 
1=0 (s-subshell); / = 1(p- sbshel = 2 (d-subshell); 
1=3 (f-subshell). 

Orbital angen momentum of electron | 


- Jie Do =D ya 


when / = 0, electrons revolve in a circular orbit and when / # 0, 
the electrons revolve round the nucleus in an elliptical path. 

(iii) Magnetic quantum number: It is denoted by ‘m’. It 
describes. the orientations of the subshells. It can have values 
from —/ to +/ including zero, i.e. , total (2/ + 1) values. Each value 
corresponds to an orbital. s-subshell has one orbital, p-subshell 
has three orbitals (p,, p, and p,), d-subshell has five orbitals 
2 andd_,) and f-subshell has seven 


orbitals. One orbital can accommodate either one or two 
electrons but not more than two. s-orbital is spherically 
symmetrical and non-directional: p-orbitals have dumb-bell 
shape and are directional in nature. Four d-orbitals: have double 
dumb-bell shape but d 2 has a baby soother shape. ne total 

(iv) Spin quantum number (s): It describes ie spin of the 
electron. It has values +1/2 and —1/2.: (+): signifies clockwise 
spinning and (—) signifies anticlockwise spinning. - 


h 
s(s+ 1) — 
ws ) on ay 
= rH nL a [where s=3 | 


ee. a 1 
Total spin of an atom or an ion=n > where, ‘n’ is the 


number of unpaired electrons. 
Spin multiplicity of an atom = (22s + 1) 


a 
: 
4 
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Singlet state (Normal) Singlet excited 
a l 
Spin multiplicity - re 
= 2st] Spin multiplicity = 1 
=2x0+1=1 . 
Triplet excited state 
ene? 
. oe 
Spin multiplicity 


-2x(J+3]+1-3 
ree: | 


19, (i) Number of subshells in a shell = n 
(ii) Number of maximum orbitals in a shell = n? 
~ (iii) Number of maximum orbitals in a subshell = 2/ + 1 
(iv) Maximum number of electrons in a shell = 2n? 
(v), Maximum number bi electrons in a subshell 
= 2(21 + 1) 
‘(vi) Z-component of the angular momentum depends 
_ Upon magnetic quantum number and is given as: 


ta =m( 3] 


(viit} Number of radial/spherical nodes in any orbital 
=(n-1-1) 
ls orbital has no node; 2s orbital has one spherical 
node; 2p orbital -has no spherical node; 3 p orbital has 
one spherical node. 
_ (viil) Schrédinger wave. equation does not give spin 
quantum number. 

(ix) A plane passing through the nucleus at which the 
probability of fmding the electron is zero, is called 
‘nodal plane. 

The number of nodal plane in an orbital = / 


s-orbitals have no nodal plane; p-orbitals have one > 


nodal plane, d-orbitals have two nodal planes and so 

on. Hl gnk: & 
20. Pauli’s exclusion principle: No two electrons in an 
atom can have the same set of all the four quantum numbers, i.e. , 


an orbital cannot have more than 2 electrons because three - - 


quantum numbers (principal, azimuthal and magnetic) at the 
most may be same but the fourth must be different, i.e., spins 
must be in opposite directions. It is possible to calculate the 
maximum number of electrons which can be accommodated on a 


main energy shell or subenergy shell on the basis of this 


principle. 


21. Electronic configuration: The arrangement of. 


electrons in various shells, subsheils and orbitals in an atom is 
termed electronic configuration. It is written in terms of n/* 
where n indicates the order of shell, / indicates the subshell and x 
the number of electrons present in the subshell. 
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22. Aufbau principle: Aufbau is a German word meaning 
building up. The electrons are filled in various orbitals in an order 
of their increasing energies. An orbital-of lowest energy is filled 
first. The sequence of orbitals in the order of their increasing 
energy is: 


- 1s, 2s, 2p, 3s, 3p,48, 3d, 4p,5s,4d, 5p, 6s, 4f, Sd, 6p, 7s, 5f, 6d 


The energy of the orbitals is governed by (n + /)rule. 
(i) Subshell with lower of {n +1) has lower energy, hence 
filled first, e.g., 
3p(n + 1 = 4) will be filled before 3d(n + [= 5). 
(ii) When (n+ /) values are same, then ‘the subshell with 
lower value of ‘n’ is filled first, e.g., 


3p(n+1=4) will be filled before . As(n+1=4) 

because 3p has lower value of n.’ 
23. Hund’s rule: No electron pairing takes place in the 
orbitals in a subenergy shell until each orbital is occupied by one 


_ electron with parallel spin. Exactly half- filled and fully-filled 


orbitals make the atoms more stable, i.e, p’, p°,d Ee ee ol 
and f** configurations are most stable. 

All those atoms which consist of at least one orbital singly 
occupied behave as paramagnetic while all those atoms in 


which all the orbitals are doubly occupied are diamagnetic in 


nature. 
_Magnetic moment = Jjn(n +2) BM ° 


n= number of unpaired electrons 
24. Half-filled and fully-filled subshells have extra stability 
due to greater exchange energy and spherical symmetry 


- around the nucleus. 


25. It is only dz” orbitals which do not have four lobes like 
other d-orbitals. 


26. The d-orbital whose lobes lie along the axes is da vat 


27. Wave mechanical model of atom: It was 
Schrédinger who developed a new model known as wave 
mechanical model of atom by incorporating the conclusions of de 
Broglie and Heisenberg uncertainty principles. He derived an 
equation, known as Schrédinger equation. 

d*y i d?’w dw n?m 
dx? dy* dz? A? 

The solution of the equation provides data which enables us to 
calculate the probability of finding an electron of specific energy. 
It is possible to determine the regions of space around the nucleus 
where there is maximum probability of locating an electron of 
specific energy. This region of space is termed orbital. 

w is the amplitude of the wave at a point with coordinates 
x, yand z. ‘E’ is total energy called eigen value and V denotes the 
potential energy of the electron. 

yw? gives the probability of finding the electron at (x, yand a 
Operator form of the equation can be given as: 


Ay = ky 


ATOMIC STRUCTURE 


A= - h 47 | Fiaiialtonisn operator 
8n?m 
=f+P 
T= Kinetic energy operatot 
P = Potential energy operator 


_ 28. Complete wave function can be given as; 


. W7,0,0)= RO) 506) OO) 


Radial part Angular part 


Dependence of the wave function on quantum number can be 


given as: 


W nim (7,0, o) z= R,, L (7) Ls (8 ) ®,, () 
29. Graph of radial wave function ‘R’: At node, the 
value of ‘ R’ changes from positive to negative. 7 


1s 


2p 


Number of radial nodes = (m - /-1). 
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30. Plot of radial probability density ‘R??: 


: " 


31, 


Plot of radial probability function (47 r2R?): 


4nr2R2 ~—» 


In the plot of radial probability against ‘rv’, number peaks, i.e. , 
‘region of maximum probability = n - 1. 


1. Match the following: 
[A} 
(i) Aufbau principle 
(ii) de Broglie 


(a) Line spectrum in visible region 
- (b) ‘Orientation of an electron in an 
‘orbital 
(iii) Angular momentum (c) Photon ~ 
_-(iv) Hund’s rule _@). A= hl (mv) 
- (v) Baliner series’? (e) ‘Electronic configuration 


(vi) Planck’s law . (f) mor 

(B] Peo i 7 

(i) ° Thomson ; (a)’ Exclusion principle 

(ii) Pauli : (b) Radioactivity ; 
(iii) Becquerel.--- --- (ce), Atomiemodel = > 
(iv) Soddy _ (d) Cathode rays 

(v) Bohr (e) Neutron 

(vi) Chadwick (f) Isotopes 

Ic] ; _— 

(i) Cathode rays (a) Helium nuclei. 

(ii) Dumb-bell _°.(b) Uncertainty principle 

(iii) Alpha particles - (c) Electromagnetic radiation 
(iv) Moseley. (d) p-orbital 

(v) Heisenberg _ (e) res number 

(vi) X-rays — “~~ (f) Electrons woes 


2. Matrix Matching Problems (For IIT Aspirants): 
[A] Match the Column-I and Columr-Il: 


Column-I - Colunm-H - 
(a) X-rays (p) Davisson and Germer 
3 experiment 
(b) Atomic number (q) Crystal structure 
determination . determination 


(c) Dual nature of matter (r) Moseley’s law 
‘(d) Dual nature of radiation  (s) Brage's law 


[B] Match the Column-I and Column-II 


Columnt Colunm-It 
(2) Lyman series - (p) - Visible region 
; &) Balmer series (q) ‘UV region 


(c) Pfund-series (r) IR region 


(d) Light emitted by. sodium (s) Line emission pena 
lamp : 


tc] Match the List-I with List-II in hydrogen atom spectrum: 


List-I 


(a) Lymsan series 
(6) Balmer series 


dating 


List-II 


(p) Visible region : 
(q) . Infrared region 


() 
(d) 
[D] 
(a) 
(b) 


a) 
@ 


a 


(a) 
(b) 
©) 
(a) 
[F 


bm 


@ 


(b) 
(c) 
(d) 


‘[G] 


{a) 
(b) 
(c) 


(4) 


[E 
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A Questions 


Paschen series (1) Absorption spectrum 
Brackett series (s) Ultraviolet region 
Match the List-1 with List | 
Listes —— List-II 

K-shell. > (p) Electrons in elliptical 

: orbit 
L-shell (q) Electrons in circular orbit 
Hydrogen atom | (t) Shell of lowest energy 
Boron atom in ground | () Bohr’s atomic model _ 


state 


Match the ions of List-I with the properties of List-I. -——— ----— 

List © List-II 
Mn?* | (p) Diamagnetic 
vr (q) Paramagnetic 
Zn 2* (tr) Coloured compounds . . 
Ti** (s) Magnetic moment = 2.82 BM 

Match the List-1 with List-II: 

 Listl | | List 
Mg?* (p) Zero spin multiplicity 
Fe?* os (q) Spin multiplicity = 3 
Co** (r) Total spin= 0. . 
Ca** (s) Total spin = 2 
Match the properties of List-I with the formulae in List-II: 

List-I List-II 
Angular momentum of © (p) h 
d+ )— 
electron 2m 
Orbital angular — . (q): Ia 
momentum : 
Wavelength of matter (tr) nh/2n 
wave — 
Quantised value(s) ‘(s) A/p 
Match the orbitals of List-I with the nodal properties of 
List-II: 
List-I.. List-II 

ds a (p). Angular node =1 - 
Is -# . . (q) Radial node = 0 
2p (r) Radial node = 1 


3p (s) Angular node = 0 


(i) 


_ motion are associated with 


~ [L] 


(a) 
(b 


(c) 


aS 


(d) 
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Match the electronic transitions of List-I with h spectral 
properties of, List-tI: 


. Lisl List-11 
n=6—>n=3 (p) 10 lines in the spectrum 
n=7T—n=3 © (q) Spectral lines in visible . 

, region 
n=5— n=2 (x) 6 lines in the spectrum 
n=6—>n=2 (s) Spectral lines in infrared 
region 
_ Match the List-1 with List-II: 
. List-l Lista sos a es 
Radius of electron orbit eral quantam 
hae number 
Energy of electron... -.--- ip Arai quaitoa 
ot number 
Energy of subshell (r) Magnetic quantum 
number 
“Orientation of the atomic (s) Spin quantum number 
orbitals 

Match the List-I with List-1: 

List- List-II 
Electron cannot existin (p) de Broglie wave: 
the nucleus ee 


Microscopic particles in (q) Elbctromepnetic wave 


No medium is required for (r) Urticertainty principle 
propagation 


Concept of orbit was (s) Transverse wave 
replaced by orbital 
According to Bohr theory: (IIT 2006) 
E,, = Total energy ; 
K,, = Kinetic energy 
V,, = Potential energy 
ry, = Radius of nth orbit 
Match the following: de a 
- Column-I -Column-Il 
Vilkek (p) 0 
If radius of nth orbit < En*; x=? . (q) -1 
Angular momentum in lowest orbital (r) —2 
ches Di y=? (s) 1 


[M] Match the List-I with List-IL: 
rerpatber 2. 
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List List 

(a) Radius of nth orbital (p) Inversely proportional to Z 
(b) Energy of nth shell (q) Integral multiple of h/2n ~ « 
(c) Angular momentum of (r) poor ton? 
. electron 
(d) Velocity of electron in nth (s) Inveriely proportional to 

orbit : ‘n’ 

Match the entries in Column-l with the correctly related : 


(b) 


(c) 


(4) 


(a) 


“quantum number(s) in’ Cotumn-I: oS haa 8 


. Cohumn-k 


Orbital angular momentum (p) Principal ain 
of the electron in a hydrogen- number 


like atomic orbital = si 


A hydrogen-like one electron @ Adimathal siagatain’ : 


wave function obeying Pauli number -- 

principle : a's 

Shape, size and orientation  (r) Magnetic quantum — 

of nydrogen like: atomic . number 

orbitals 

Probability density of — (s) Electron spin quantum 

electron at the nucleus in number 

hydrogen-like atom : 

[O] Match the List-1 weith List-II:_ _—-«. QIT 2006) 

‘ ‘List «List 

Wave nature of radiation - (p) Photoelectric © 


(b) 


(c). 


4d) 


(P 


cd 


(a) 
(b) 
(c) 
@ 


4% effect 
-(q) Compton effect 
(xr) Diffraction 


Photon nature of radiation . 


Interaction of a photon with an 
electron, such that quantum energy 
is slightly equal to or greater than 
the binding energy of electron, is. 
more likely to result in: 


Interaction of a photon with an (s) Interference - 


‘electron, such that photon energy is 


much greater than the binding 
energy of electron, is more likely to 
result in: 


Match the Column-I with Column-I: 


Column-I . Column-II 


Orbital angular (p) 
momentum of an. electron 


Angular momentum of . (QD 
electron | : 


s(s+1)-h/20 
n(n+2)BM 


Spin angular momentum (0) nh/2n 


of electron 


Magnetic moment of atom (s) ,/] (1+ 1) A/2n 
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(b) Photoelectric effect 


(d) Printiple of electron © 


1. 


[Q] Match the Colymn-I with Column- i: 

- Cofumn-It _ 
(p). Wave nature 
(q) Particle nature ~ 


(r) Particle nature dominates 
over wave nature - 


Column-l . 
(a) Scintillation 


(c) Diffraction 


(s) Wave nature dominates 
~ over particle nature 


“microscope 


[A] (i—e); Gi—d); (iii ); (iv—b); (V—a); (Vic) 
[B] @—4); (ii—a); (iii -b); ('v—f ); (v—c); (vie) 
[C] (i—f); Gii—d); (iii—a); (iv—e); (v—b); (vic) 
[A] (a—q, 5, s) (b—r) (c—p) (ddoes not match) 
{B] (a—q, s) (b—p, s) (c—1, s) ee s) 

[C] (a—t, s) (>—p) (c—q) (d—9)* 

[D] (a—, 1) (b—p, q) (c—s) (d—p, q) 

{E] (a—q, 1) (o—4, 1, s) (c—p) (dp) 

[F] (a—p, r) (b—4, s) (c—q, s) (d—p, 1) 

[G] (a—, 1) (b—p) (c—s) (d—q, 1) 

{H] (a—s, s) (o—q, s) (c—q, p) (d—p, 1) - 


Ae) Daanitzedatigues 
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(R] Match the Cokes with Column-II: 


Column-] .. Column-Hi 
(a) Radial function R (p): Principal quantum 
number ‘# 
(b) Angiiter function re @ Azimuthal quantum 
; ‘number ‘?’ 
(c) Angular function (r) Magnetic quantum — 
Fo number ‘m 


 (s) Spin quantum number ‘s’ 
momentum 


[I] (a, s) (b—», s) (c—4, 1) (d—p, g) 
[J] (a—p) (b—p) (C—p, 1) (44) 
[K}-(a—t) (0o—p) (c—q; 8) (dat) os 
[L] (a—t) (b—4) (c—p) (ds) 

[M] (a—t, p) (b—1) (c—q) (ds) 

[N] (a—p) (b—s) (c—p, a, 1) (dp, 4) 

[0] (a—t, s) (6—p, 4) (C—p) (d—4) 

[P] (a—s) (b—1) (c—p) (d—-9) 

[QI] (@—a) (b—1) (c—p) (4, 8) 

[R] (a—p, q) (b—4, 1) (C1) (4-4, 8) 


4, 
_ of water=1) | 


An atom of an element contains 13 electrons. Its nucleus has 14 
neutrons. Find out its atomic number and approximate atomic 
mass. An isotope has atomic mass 2 units higher. What will be 
the number of protons, neutrons and electrons in the isotope? 
[Ans. At. No. =13, atomic mass = 27; the isotope will have 
Same number of protons and electrons = 
144+2=16 


13 but neutrons will be 


. From the following find out groups of isotopes, isobars and 


isotones: 
$0, BK, Mc, BU, IN, BC 
TAs, 80, 38Ge, 38Se 
Isotopes—same at. no. = different at. masses.” 
66, 80, HOME 2 U; 2Ge, Ge 


Ca, 280, 2 Ne, 
[Ans. 


Isobars—same atomic masses but different at. numbers 
5 Cc, "IN; 33 32Ge, As | 
Isotones—same number of neutrons. 
BO, Ci K, sf CarnAS, 2Sel 


. An element has atomic number 30. Its cation has 2 units 


positive charge. How many protons and electrons are present 
in the cation? 


{Ans. Protons = 30, Electrons = 28] 


'. [Ans. 


Calculate the number of neutrons in 18 mL of water. (Density 


48.16 x 107] 


[Hint: One molecule of water contains = 8 neutrons] 


. Find (i) the total aun of neutrons and (ii) the total mass of 


neutrons in 7 mg of 4C PO that mass of neutron 
_ = mass of hydrogen atom). 


[Ans.-(i) 24.08 x 10” and (ii) 4 mg] 


. Calculate the wavelength of a photon in Angstroms having an 


energy of 1 electron volt. 
[Hint: 1 eV =1.602 x 107? joule; | 


‘h= 6.62 x 1074 J-s, c=3 x 10° ms™ 


A= = 12.42x 107 m= 12.42 x10? A] 


. A photon of light with wavelength 6000 A has an energy E. 


Calculate the wavelength of photon of a Hght which 
corresponds to an energy equal to 2£. 
{Ans. 3000 A] 


. Calculate the energy in kilocalorie per mol of the photons of 


an electromagnetic radiation of wavelength 5700 A. 
[Ans. 56.3 kcal per mol] 


~ ATOMIC STRUCTURE 


Light of what frequency: and wavelength is needed to ionise 


_ sodium atom. The ionisation potential of sodium is 


10. 


11. 


12. 


- [Hint: N= —= 


13. 


14. 


15. 


16. 


17. 


18. 


[Ans. 
‘Find e/ m for He** ion and compare with that for electron: 


82x 107? J. 
[Ans. v= 1.238 x10" Hz; 4 = 242 nm] 


Determine the energy-of 1 mole photons of radiations whose 
frequency is 5 x 10° s"!. (h = 662x 10 J-s) 


19.9 J] 


[Ans. 4.87 x 10’ coulomb kg! ] 
A ball of mass 100 g is moving with a velocity of 100 msec” 
Find its wavelength. 

h _ 6626x104 


t 


— = 6,626x 10 m] 
mv 0.1 « 100 : 


Calculate the wavelength of radiation and energy per mol 


. necessary to ionize a hydrogen atom in the ground state. 


[Ans, 2= 912 x 10 m;1313 kJ/mol ] 


Bond energy of F, is 150 kJ mol’. Calculate the minimum 
frequency of photon to break this bond. 

[Ans. 3.759x 104 s7']_ 

If an Einstein (£ )is the total energy absorbed by J mole of a 
substance and each molecule absorbs one quantum of energy, 
then calculate the value of ‘E£” in terms of A in cm. 


8 
[Ans. ee erg mot”! ] 


How many chlorine atoms can you ionize in the process? 
Cl-> Cl* +e by the energy liberated from the following 
process: 

Cl+e-> CT for 6x 10” atoms 
given that electron affinity of chlorine is 3.61 eV and 
ionization energy of chlorine is 17.422 eV. 
[Ans. 124 x 107 atoms] 
Find the velocity (ms™') of electron in first Bohr orbit of 
radius ag. Also find the de Broglie wavelength (in ‘m’). Find 


the orbital angular momentum of 2 p orbital of hydrogen atom 
in units of A/ 2n. 
6 6 es 
[Hint: 0 = ee, msec! 
~ A 


6 
_ 2188 10" _ 919810" m sec"! 


h 6.626 x 10°*4 
Nirtae ae eee 
mv 91x10 x 2.188 x 10 
=33x107°.m 


h . 


Orbital angular momentum = ,//(/ + 1) - 
; “Qn 


a+) (:1=1 for 2p) 
id 


The energy of an o.-particle is 6.8 x 1078 J. What will be the 
wavelength associated with it? [CBSE-PMT (Mains) 2005] 


19. 


20. 


21. 


22. 


~ [Hint: 


ae yy eae 
rmigeee 4 Th 6.626x10* 
V2Em ae eee 
=2.2x10" 2 in] 


Determine the number of revolutions made by an électron in 
one second in the 2nd Bohr orbit of H-atom. 


[Ans, n= as ] 

o “ 
What is the speed of an electron whose de Broglie wavelength 
is 0.1 nm? By what potential difference, must have such an 
electron accelerated from an initial speed zero? 


[Ans. 7.28 x 10°m/sec; 150 V] 

A green ball weighs 75 g; it is travelling towards observer at a 
speed of 400 cm/sec. The ball emits light of wavelength 
5x 10° cm. Assuming that the error in the position of ball is 
the same as wavelength of itself, calculate error in the 
momentum of the green ball. 


Avape hee Bartede ts, | siete 
4n . : 


h 
Ap > = 
ae 4nxr 


6.626 x 10°?” 
4x 314 x 5x10 
What is the relationship between the eV and the wavelength in 


Ap = = 1.055 x 1073] 


’. metre of the energetically equivalent photons? 


23. 


24, 


. 25, 


. (Ans. 


Ans. 4 =12.4237 x 10°’ metre] 
[ 


What is the velocity of an electron (m= 9.11x 107?! kg) in the 
innermost orbit of the hydrogen atom? 
(Bohr radius = 0.529 x 10°'° m) 


2.187 x 10° m/sec] 


In a hydrogen atom, an electron jumps from the third orbit to 
the first orbit. Find out the frequency and wavelength of the 
spectral line. (Ry = £09678 x 10’ m‘!) 
[Ans. 2.925 10% Hz, 1025.6A] 

The energy of the electron in the second and third Bohr orbits 


_ of hydrogen atom is —5.42 x 10°? erg and —2.41 x 10°” erg 


26. 


- 27, 


respectively. Calculate the wavelength of the emitted ate 
when the electron drops from third to second orbit. 

[Ans. 66x10°A] 

Calculate the wavelength in angstroms of the photon that is 
emitted when an electron in Bohr orbit n = 2 returns to the orbit 
n=1in the hydrogen atom. The ionisation potential of the 
ground state of hydrogen atom is 2.17 x 10°"! erg per atom. 


(Hint: Energy of the electron in the Ist orbit = — (ionisation 
potential), AE = (3/4) x 217x107! erg per atom] 

[Ans. 4=1220A] 

Calculate the wave mumiber for the shortest wavelength 


transition in Balmer series of atomic hydrogen. 


(HIT 1996) 
[Aus. 27419.25cm™'] et 


va | 


28. 


29. 


30.. 


31. 


= 


32. 


The wavelength of the first member of the Balmer series of 


hydrogen is 6563 x 19° m. Calculate the wavelength of its 
second member. 


1 1 L 1 1 1 
Hint: =R - and — = Ry | — -—> 

[ hi alse + av aE 4 

Aa By 16 20 

A, 36 3 7 

i= 3 x 6563 x 107" = 4861 x 107'? m] 
According to Bolir theory, the electronic energy of hydr ogen 
atom in the nth Bohr orbit is given by, 

2176x 10 
E, = See F J 


Calculate the longest wavelength of light that i be needed 
to remove ap electron from the 2nd orbit of Li?* 

[Ans. 4.059 10° m] 

Calculate the frequency, energy...and wavelength. of the 
radiation corresponding to spectral line of lowest frequency in 
Lyman series in the spectra of hydrogen atom. Also calculate 


the energy of the corresponding line in the spectra of Li?* 


(IT 1991) 
[Aas. 4 = 1214x107 m;v = 2.47 10" cycle sec, 
E =16.36x 10°"? J, Eu =2Z’ x Ey =9 x 16.36 x 10" J 
= 147.27x% 10° iy" 
Calculate the ratio of the velocity of light and the velocity. of 
electron in ae 2nd orbit of a hydrogen atom. (Given 


h = 6.624 x 10°” erg-sec; m= 9.108 x 10° g; 
r=2.11x 10° em) 
[Ans. 273.2] 


What hydrogen-like ion has the wavelength difference 
between the first lines of Balmer and Lyman series Saye! to 
59.3 nm (Ry = 109678 cm)? 


{Hint: Wavelength of ist line in Balmer series, 
1 2 1 1 $ 2 
ele pao Eee 
Ae a E | 36°" 
or Ag= lee 
SRyZ 


ek ae 
572 |p | 


o ee 
3X RyZ 
Difference 4, — A, = 59.3 107 36 : 4 : 
RyZ~  3RyZ 
al e-4| a 
RyZ7L 5 3 


“593x107? x 109678X15_ 


Sor  Z=3 


Hydrogen-like species is Li?" } 
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33. The velocity of an electron in certain Bohr orbit of H-atom 


35. 


bears the ratio 1 : 275 to the velocity of light. (a) What is the ” 
quantum number ‘n’ of the orbit? (b) Calculate the wave 
number of the radiation when the electron jumps from (# + 1) 
state to ground state. 


 TAns. ¥=9.75x 104 cm] 
10 . 
alate Gy oa opp ea choad ces 
c 275 275 — 
Nh nh 
2nmr 2mm x 0.529 x 10° x n? 
h 
or az = 
2mm X 0.52910" xv 
6.625 x 10727 


~ 2% 314 x 91x 10 x 0.529 x 10 x 109 x 108 

— . ; 

(b) Thus, 2 + 1=2+ 1= 3. The electron jumps from 3rd orbit to 
Ist orbit.] 

Find out the wavelength of the next line in the series having 
lines of spectrum of H-atom of wavelengths 6565 A, 4863 A, 
4342 A and 4103 A. 

[Ans. 39724] 


{Hiat: All these lines are in visible region and thus, belong to 
Balmer series. Next line is, therefore, from 7th orbit.] 


Which jump is responsible for the wave number of emitted 
radiations equal to 9.7490x 10° m! in Lyman series of 


hydrogen spectrum? (R = 1.09678 x 10’ m') 


- [Ans. 3] 


36. 


37, 


38. 


39. 


Calculate the ionisation energy of the hydrogen atom. How 
much energy will be required to ionise 1 mole of hydrogen 
atoms? Given, that the Rydberg constant is 10974 x 10” m™! 


[Ans. IE per hydrogen atom = 2.182 x 1078 J 
IE per mole = 1314 kJ mol™'] 


Calculate the ionisation energy of (a) one Li?* ion and (b) one 
mae of Li?* ion. (Given, R = 10974 x 107 m'} 

[Ans. (a) 19.638 x 1078 J (b) 1118 x 104kJ mol™'] 

A series of lines in the spectrum of atomic hydrogen lies at 
656.46 nm, 486.27 nm, 439.17 nm and 410.29 nm. What is the 
wavelength of the next line in this series? What is the 
ionisation energy of the atom when it is in the lower state of 
transition? 

[Ams. Ajog =39715nm; IE=340eV] 


A certain line of the Lyman series of hydrogen and a certain 
line of the Balmer series of He* ion have nearly the same 
wavelength. To what transition do they belong? Small 
differences between their Rydberg constant may be neglected. 


’[Ans. Hydrogen Helium 
2-1 4-2 
3-1 6-52 

4 82] 


What element has a hydrogen-like spectrum whose lines have 
wavelengths four times shorter than those of atomic hydrogen? 
[Ans, He* i 
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ATOMIC STRUCTURE © 


What lines of atomic hydrogen absorption spectrum: fall 
within the wavelength ranges from 94.5 to 130 nm? 

{Ans. 97.3; 102.6; 121.6 nm] 

The binding energy of an electron in the ground state of an 


atom is equal to 24.6 eV. Find the energy required to remove , 


both the electrons from the atom. 

[Ans. 79 eV] 

What is the ratio of the speeds of an electron in the Tat? and 
second orbits of a hydrogen atom? 

[Ans. 2:1]. 

Find out the number of waves made by a Bohr electron in one 
complete revolution in its third orbit. (IIT 1994) 
[Ans. 3] 


The wave number of first line in Balmer series of hydrogen is" 


15200 cm™!. What is the wave number of first line in Balmer 
series of Be**? 
Ans. 2.43x10°cm™'] 


Calculate the speed of an electron in the ground state of 
hydrogen atom. What fraction of the speed of light is this 
value? How long does it take for the electron to complete one 
revolution around the nucleus? How many times does the 
electron travel around the nucleus in one second? 


[Ans. 2.186 x 10° ms’; 7.29x 107] 
An electron, in a hydrogen atom, in its ground state absorbs 
1.5 times as much energy as the minimum required for its 


escape (i.e, 13.6 eV) from the atom. Calculate the value of 
for the emitted electron. 


[Ans. 4.69 A] 


The radius of the fourth orbit of hydrogen is 0.85 nm. 
Calculate the velocity of an electron in this orbit 
(m, = 9.1x 10! kg). 


[Ans. 5.44 x 10° m sec! ] 


A beam of electrons accelerated with 4.64 V was passed 


through a tube having mercury vapours. As a result of 
absorption, electronic changes occurred with mercury atoms 


‘and light was emitted. If the full energy of single electron was 


converted into light, wnat was the wave number of emitted 
light? 

[Ans. | 3.75 x 104 cm] 

An electron jumps from an outer orbit to an inner orbit with 
the energy difference of 3.0 eV. What will be the wavelength 
of the line and in what region does the emission take place? - 


[Ans, = 4140A; visible region] 
[{Hint: 1 eV =1.6x10” erg] 


The first ionisation energy of a certain atom took place with an 


absorption of radiation of frequency 1.5 x 108 cycle per 
second. Calculate its ionisation energy in calorie pee gram atom. 
[Ans. 1.43 x 10° cal]. 

{Hint: 1 calorie = 4.18 x 10’ erg 


Apply £ = h x v x Avogadro’s number] 


Find the wavelength associated with an electron which has . 


mass 9.1 x 10-8 g and ‘is moving with a velocity of 10° cm 
sec”! (Given h = 6.625 x 107” erg-sec) 
[Ans. 2 =7.28x 10° cm] 
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Calculate the momentum of the particle which has de-Broglie 
wavelength | A (10° m)and A = 6.6 x 10° J- see. 


[Ans. 66x10 kgm sec'] 

The praaened of a particle in momentum is 33x 10" y? 
kg ms ', Calculate the uncertainty in ei position. 
(h = 66x x10 J- sec) f, 

[Ans. 31x10 m] : 


Calculate the product of uncertainties ‘of deplacerent and 
velocity of a moving electron having a mass Pd x 10° ¢. 
[Ans. 5.77x10° m? s!] 


(Hint: Ax-Av = =e, 
4mm 


(a) A transition metal cation x°* has magnetic moment 35 
BM. What is the atomic number of x°*?- 
(b) Select the coloured ion and the ion having maximum 


Ware. 


_ magnetic moment (i) Fe?*, (ii) Cu’,, (iii) Sc** and 


(b)Fe** > | 11] 1 HEE 


(iv) Mn?* 


(a) 26, agFe > 34°45" 


Fet —> 3d 545° 


= [n(n + 2) = {5x7 = 35 


Both these ions will be coloured and magnetic moment of Fe** 
will be greater.] 

A photon of wavelength 4000 A strikes a.metal surface, the 
work function of the metal being 2.13 eV. Calculate (i) energy 


“of the photon in eV, (ii) kinetic energy of the emitted 


photoelectron and (iii) velocity of the photoelectron. 

[Ans, £ = 3.10 eV; KE= 0.97 eV; Velocity = 5.85 x 10° ms”! ] 
[Hint: | eV=1602x10 J] 

Calculate the ratio between the wavelengths of an electron and 
a proton, if the proton is moving at half the velocity of the 


electron (mass of the proton = 167 x ig? kg; mass se the : 


electron = 9.11x 108 g). 
[Ans. 9.2455 x 107 m] 
[Hint: Apply de Broglie equation, A = Ride 
mv ! 

6.625 x 10° 
9.11x 10-*!e 

6.625 x 10734 

67x 40°27. x 0.50 


A moving discon has 2.8 x ioe J of kinetic energy. 
Calculate its wavelength. 
(Mass of electron = 9.1 x 10! kg) 


Wavelength of electron = 


Wavelength of proton =~ = 


[Ans. 9.2455 107 m] 
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‘[Ans, 


{Hint; v= 


BORE oa Acne eS 
m ey / "mv : 
Helium has ‘mass number 4 and atomic number 2. Calculate 
the nuclear binding energy per nucleon (mass of neutron 
= 1.00893 amu and proton = 1.00814 amu, He = 4.0039 amu 
and mass of electron is negligible). 
[Ans, 7.038 MeV] 
paleulate the mass defect and binding energy per nucleon of 
'3.O which has a mass 15.99491 amu. 


Mass of neutron = 1.008655 amu 

Mass of proton =1.007277 amu 
Mass of electron = 0.0005486 amu 

, 1 amu = 931.5 MéV 
[Ans, 7.976 MeV/nucleon] 
The circumference of the second Bohr orbit of electron in the 
hydrogen atom is 600 nm. Calculate the potential difference to 
which the electron has to be subjected so that the electron 


stops. The electron had the de Broglie wavelength 
corresponding to the circumference. ; 
_ Circumference 
(Hint: ©“ Number of waves ‘7’ = ————_ 
_ Wavelength 
— AN= 2Er- 
20 = 600 | 
A= 300 nm 
Let stopping potential is Vp. 
1 : , Sy 
ele ee 3 ..-@ 
jl 
mv 
h 
v=— ~.. Ql 
ee (ii) 


From equations (i) and (ii), 


= mde 
_ (6.626 x 104) 
2x (9.1 x 107!) x (300. 10° x 1.6 x 107? 


= 1.675 x10° V] 


The: velocity of an electron of mass 9.1 x 103! kg moving 
round the nucleus in the Bohr orbit (diameter of the orbit is 
1.058 A) is 2.2 x 10-° m sec™!. If momentum can be measured 
within the accuracy of 1%, then calculate uncertainty in 
position (Ax) of the electron. 

2.64 x 10° metre] 

An electron wave has wavelength 1 A. Calculate the potential 
with which the electron is accelerated. 

[Ans. 0.0826 volt] 


Calculate the de Broglie wavelength associated with an 


- O-particle having an energy of 7.7.x 10" = J and a mass of 


66x 10 g. (h= 66x 10 Fs) 
[Ans. 6.5610 cm] 
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G.R.B. PHYSICAL CHEMISTRY FOR COMPETITIONS 


An electron has mass 9.1x 10° g and is moving with a 
velocity of 10° cm/sec. Calculate its kinetic energy and 
wavelength when h = 6.626 x 10°’ erg-sec. 

[Ans, 4.55 x10 erg; A= 7.28 x 10° cm] 

Calculate the de Broglie wavelengths of an electron and a 
proton having same kinetic energy of 100 eV. 

[Ans. A, = 123 pm; A, = 2.86 pm] 


‘Work function of sodium is 2.5 eV. Predict whether the 


wavelength 6500 A is suitable for a photoelectron or not? 
[Ans. No ejection] 

Calculate the de Broglie sevsleiiath sesocinied with a helium 
atom in a helium gas sample at 27°C and 1 atm pressure. — 
73107! metre] 


The threshold frequency for a certain metal is 3.310! 
_cycle/sec. If incident light on the metal has a cut-off frequency 


8.2 10'* cycle/sec, calculate the cut-off potential for the 


photoeleetron: 
[Ans, 2 volt] 
Can you locate the electron within 0.005 nm? 
[Ans. - No.] 
[Hint: Use uncertainty principle to determine uncertainty in 
velocity. 

Av2 u 

4am Ax 


On sibeatons you will get, 
_ Av = 1.16 107 ms” 


Velocity of electron is therefore expected to be as high as velocity 


of light. We may say that the velocity of electron is uncertain 
within 0.005 nm.] 

The photoelectric cut-off voltage in a certain experiment is 1.5 
volt.’ What is the maximum kinetic energy of the 


photoelectrons emitted? 


[Ans. 2.4 x 107? joule] 

A proton is accelerated to one-tenth the velocity of light. If its 
velocity can be measured with a precision of +1%, what must 
be its uncertainty in position? 

(h = 6.6 x 104 J-s;_ mass of proton = 1.66 x 107’kg) 

[Ans. 1.051074 m] . 
In a photoelectric effect experiment, irradiation ofa metal with 
light of frequency 5.2x10!* sec! yields electrons with 
maximum kinetic energy 1.3 x 10”? J, Calculate the Vo of the 
metal. 

[Ans. 3.2x10!* sec!} . 

Calculate the wavelength of a CO, molecule moving with a 
velocity of 440 m sec™!. 

fAns. 2.06 x 107"! metre] 

The predominant yellow line in the per of a sodium 
vapour lamp has a wavelength of 590 nm. What minimum 


accelerating potential is needed to excite this line in an 
electron tube having sodium vapours? 


[Ans. 2.11 volt] 
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ATOMIC STRUCTURE . 


Find out the wavelength of a track star running a 100 metre 
dash in 10.1 sec, if its weight is 75 kg. 


[Ans. 8.92x10%’ m] 


At what velocity ratio are the wavelengths of an electron and a 


proton equal? 
(m, =2x10™ g and m, = 1.6725 x 10 2) 


(ans: ve =1.8x 10°] 
o% 
Through what potential difference must an electron pass to 
have a wavelength of 500 A? 
[Ans. 603x107 eV ] 
A 


J2eV m } 


Use A = 


‘Calculate the velocity of an &-particle which begins to reverse 


its direction at a distance of 2 x 10°'* m from a scattering gold 
nucleus (Z = 79). 

[Ans, 2.34610" m/sec] 

Two hydrogen atoms collide head-on and end up with zero 


kinetic energy. Each then emits a photon with a wavelength 
121.6 nm. Which transition leads to this wavelength? How 


fast were the hydrogen atoms travelling before the collision? 


(Given, Ry = 1.097 x 10’ m! and my = 1.67x 10°72’ kg) 
[Ans, 7, =1; m, = 2; 4.43 x 10* m sec 


[Hint: Wavelength is in UV region; thus », will be 1. 
——_1 __ 21,097.10" xP x, oe 
121:6 x 10 1 we 
ny = 2 
1 2_ he 
— MD" = 
2 x 
yy 34 8. 
L67% 10727 xp? = 626 x 10 oan 10 
i 1216x107 


v = 443x107 m sec! ] 


Show that the wavelength of electrons moving at a velocity 
very small compared to that of light and with a kinetic energy 
of V electron volt can be written as, 

12.268 


Ae x10 
Ww 
{Hint: Use the relation, 4 = A 
V2Em 
Here, h = Planck’ s constant 


m=91x 10% g (mass of & ) 
E = Kinetic energy of electron 
=V eV.=V x16x 10°” erg] 


What is the distance of closest approach to the nucleus of an 
@-particle which undergoes scattering by 180° in 


' Geiger-Marsden experiment? 


[Ans. 
(Hint: 


% =4.13 fm] 


For closest approach, 


84. 


85. 


86. 


87. 


121 


For Rutherford experiment, 


= mo? = 55 MeV =55x10 x 16x1lo? J=88xloP J 


ir yHec 9x 10° x 2'x 79 x (1.6 x10? 


% 
1 = 4.136 x 10° m 
= 4.13 fm] 
Photoelectrons are liberated by ultraviolet light of wavelength 
3000 A from a metallic surface for which the photoelectric 


threshold is 4000 A. Calculate de Broglie wavelength of 
electrons emitted with maximum kinetic energy. 


[Ans, A=12x10° m] 
[Hint: | 

-KE = Quantum energy — Threshold energy... 

_ 6.626 x 1074 x 3 x 10° 


_ 6.626 x 10** x 3 x 10° 


3000°x 107!° 4000 x 107'° 
= 6.626 x 107! — 4.9695 x 1079 
= 16565 x 107? joule . 
; mo? = 1.6565 x 107"? 
my? = 2x 16565 x 107 x 91x 107! 
mv = 5.49 x 1075 
34 
jet ed 0 Wo 


mv =§49x 10° 


Show that de Broglie wavelength of electrons accelerated V 
volt is very nearly given by: 


1/2 
X(in A) = (a) 


Pe V2 
r= x 107° A 
2eVm 


-| (6.626 x 10°34)? x 107° yy" 


2x16x10? x¥ x91x 107! 


A i MeV proton is sent against a gold leaf (Z = 79). Calculate 
the distance of closest approach for head-on collision. 
[Ans, 1.137x 107% m] 


Zé 
47 o( vA mv’) 


What is the energy, momentum and wavelength of the photon 
emitted by a hydrogen atom when an electron makes a 
transition from n = 2 to n = 1? Given that ionization potential 
is 13.6 eV. 


(Hint: d= . Do like Q.No. 83] 
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: -19 : 10727 \ . ge 
[Ans 1632 x10 J, 544x kg m/sec, 1218 A] (Hint: w= 2 x 21,69 107 J 
[Hint: £, =-13.6eV mn 


; ; 3 2 
-136 11180x 10° Z 


= = x 21.69x 107" 
os ar ee 6023x103 7 
AE => %136eV . 29) 
- ar eee ‘ 90. Suppose 10°” J of light energy is needed by the interior of the 
iS human eye to see an object. How many photons of green light 
i 19 y_ 18 
= 0.75 x 13.6 1.6x10" J=1.632 x10 J (A = 550 nm) are needed to generate this minimum amount of 
he -~18 energy? 
—~ = 1,632 x 10 
x , [Ans. 28] 
~ 91. How many hydrogen atoms in the ground state are excited b 
6.626 x 10° x 3 x 108 i y Byars ) gt y 
A= x a =1218x 107° m=1218A means of monochromatic radiation of wavelength 970.6 A. 
1,632 x 10 How many different lines are possible in the resulting 
h p 
he- emission spectrum? Find the longest wavelength among Eee: 
P 4 [Ans. Six different lines, A = 1215.6 A] 
Ah 6626x107 27 
= = = 544 x10 kg- 
Pe 1218x10°% a? eee (Hint: E,- E, = “ 
88. erecta orbitat angular “momentam of the following ~2169 x 1079 : 2169x107 "6.626 x 10734 x3x10° - 
orbitals: 3 = a 
(a) 3p (b) 3d (c) 3s m : ICE 
[Ans. (a) J2h (b) V6A (c) 0] n=4 | 
‘ h 
{Hint: (a) p, =//0+) = for 3p,1=1=J2h ake 3 -| 
moon 
(b) p,=V6A for 3d,/=2 , ais ‘14 
(c) 4) =0 — for 3s, =0] 4 = 109677.77 x P (2-4) 1 hose 
89. A single electron system has ionization energy WI 80 kJ mol. ; six different lines 
Find the number of protons in the nucleus of the system. A = 1215.68 A ] 


[Ans.. Z=3]) 
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ATOMIC STRUCTURE ~ 


OBJECTIVE QUESTIONS 


Set-1: Questions with single correct answer 


. The ratio of e/m for a cathode ray: 


(a) varies with a gas in a discharge tube 

(b) is fixed 

(c) varies with different electrodes 

(d) is maximum if hydrogen is taken 

Which of the following statements is wrong about cathode 
rays? . 

(a) They travel in straight lines towards cathode 

(b) They produce heating effect 

{c} They carry negative charge 


(d) They produce X-rays when strike with material having 


high atomic masses 
Cathode rays are:. 
(a) electromagnetic waves 
(c) stream of electrons 
Cathode rays have: 
(a) mass only 
(c) no mass and no charge 


(b) | stream of o.-particles 
(d) radiations 


(b) charge only 
(d) mass and charge both 


. Which is the correct statement about proton? 


(a) It isa nucleus of deuterium 

(b) It is an ionised hydrogen molecule 
(c} It is an ionised hydrogen atom 

(d) It is an co-particle 


. Neutron was discovered by: 


(b) Chadwick 
(d) Priestley 


(a) J.J. Thomson 
(c) Rutherford 


. The discovery of neutron came very late because: 


(a) it is present in nucleus 

(b) it is a fundameuial particle 

(c) it does not move 

(d) it does not carry any charge 

The fundamental particles present in equal numbers in neutral 
atoms (atomic number 71) are: 

(a) protons and electrons = (b) neutrons and aigoneng 
(c) protons and neutrons (d) protons and positrons 
The nucleus of the atom consists of: 

(a) protons and neutrons 

(b)’ protons and electrons 

(c) neutrons and electrons 

(d) protons, neutrons and electrons 


The absolute value of charge on the electron was determined by: - 


(a) J.J. Thomson — (b) R.A. Millikan 
(c) Rutherford. (d) Chadwick 
Atomic number of an element represents: 

(a) number of neutrons in the nucleus 

(b) atomic.mass of an element 


(CBSE 1990) 


~ (c) valency of an element 
’(d) number of protons in the nucleus 


Rutherford’s experiment ‘on scattering of «-particles showed 
for the first time that the atom has: . [CMC (Vellore) 1991] 
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(a) electrons (b) protons 
Rutherford’s scattering experiment is related to the size of the: 


(c} neutrons (d) nucleus 

(a) nucleus (b) atom (c) electron (d) neutron 
When alpha particles are sent through a thin metal foil, most of 
them go straight through the foil because: 

(a) alpha particles are much heavier than electrons 

(b) alpha particles are positively charged 


. (c) most part of the atom is empty space 


(d) alpha particles move with very high velocity 


The radius of an atomic nucleus is of the order of: 

[PMT (MP) 1991] 
(a) 107° cm (b) 10% com 
(c) 10° cm (d) 10% cm 


Atomic size is of the order of: 

(a) 10% cm (b) 10° em (c) 10 com (d) 10% com 
Atoms may be regarded as comprising of protons, neutrons 
and electrons. If the mass attributed by electrons was doubled 
and that attributed by neutrons was halved, the atomic mass of 
'2C would be: 
(a) approximately the same (b) doubled 

(c) reduced approx. 25% (d). approx. halved 

Positive ions are formed from neutral atoms by the loss of: 
(a) neutrons (b) protons 

(c) nuclear charge (d) electrons 

The nitrogen atom has 7 protons and 7 electrons. The nitride 
ion will have: ; 

(a) 10 protons and 7 electrons 

(by 7 protons and 10 electrons 

(c) 4 protons and 7 electrons 

(d) 4 protons and 10 electrons 

A light whose frequency is equal to 6 x 10'* Hz is incident ona 
metal whose work function i is 2eV (h = 6.63 10° “Js, 


leV = 1.6 x.107'°J). The maximum energy of electrons 
emitted will be: (VITEEE 2008) 
(a)2.49eV  (b)4.49eV  (c)0.49eV = (d) 5.49 eV 


[Hint : Absorbed energy = Threshold energy 
+ Kinetic energy of photoelectrons 
Absorbed energy = Av 
= 6.626 x 10° 4 x 6 x10" 


= 3.9756x 10° 9 J 


3.9756 x 10° 9 
= ig ee Gt = 2.49 eV 


2.49 = 2 eV + Kinetic energy of photoelectron 
Kinetic energy of photoelectron = 0.49 eV] 
The size of the nucleus is measured in: 
(a) amu (b) angstrom 
(c) cm (d) fermi 
The highest value of e/m of anodé rays has been Abseiied 
when the discharge tube is filled with: 
(a) nitrogen (b) oxygen (c) hydrogen (d) helium 


124 


23. 


24. 


25. 


26. 


“27, 


28. 


29. 


30. 


31. 


32. 


33. 


34. 


35. 


(c) n, p,d,e 


‘(c) 1 must be infinite 


G.R.B. PHYSICAL CHEMISTRY FOR COMPETITIONS 


The particle with 13 protons and 10 electrons is: 

(a) Al atom (b) Al** ion 

(c) nitrogen isotope (d) none of these 

Which of the following atoms contains the least number of 
neutrons? : 

(a) 35u (b) 38u 


The ae of neutrons in oe zine ion (Zn?*, with 
mass number 70) is: : 
(a) 34 (b} 36 -(c) 38 (d) 40 

Which of the properties of the elements is a whole number? 
(a) Atomic mass (b) Atomic number 

(c) Atomic radius (d) Atomic volume 

Increasing order (lowest first) for the valucs of e/m 
({charge/mass) for electron (e}, proton (p), neutron (1) and 
a-particle (a )is: 
(a) e, p,n,& (b) x, p,e,& 

(d) n,a, p,e 

The mass of neutron is of the order of: 

(a) 10" kg (b) 10°76 kg 

(c) 10° kg (d) 104 kg 

The atoms of various isotopes of a particular element differ 
from each other.in the number of: 

(a) electrons in the outer shell only 

(b) protons in the nucleus 

(c) electrons in the inner shell only 

(d) neutrons in the nucleus 

Isotopes of the same element have: 

(a) same number of neutrons 

(b) same number of protons 

(c) same atomic mass 

(d) different chemical properties 

Which of the following conditions is incorrect for a well 
behaved wave function (wy)? [EAMCET (Engg.) 2010] 
(a) W must be finite “(b) w must be single valued 

(d) w must be continuous 
Atomic mass of an element is not a whole number because: 
(a) it contains eleetrons, protons and neutrons 

(b)- it contains isotopes 

(c) it contains allotropes 

(d) all of the above 

Nucleons are: 

(a) protons and neutrons ° 

(b) neutrons and electrons 

({c) protons and electrons 

(d) protons, neutrons and electrons 

Isotopes of an element have: 

(a) different chemical and physica! properties 

(b) similar chemical and physical properties 

(c) ‘similar chemical but different physical properties . 

(d) similar physical and different chemical properties 
Isotopes are identified by: - 

(a) positive ray analysis 

(b) Astons’ mass spectrograph 
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“(c) Dempster’ ss mass. pecoerepns 


(d) -all of the above 

Mass spectrograph helps in the detection of i nr because 

they: 

(a) have different atomic masses 

(b) have same number of electrons . 

{c) have same atomic number . 

(d) have same atomic masses 

Which of the following statements is incorrect? 

(a) The charge on an electron and proton are equal and 
opposite 

(b) Neutrons have no charge 

(c) Electrons and protons have the same mass 

(d) The mass of a proton and a neutron are nearly the same 

The charge on positron is. equal to the charge on: 

(a) proton | (b) electron 

(c) a-particle (d) neutron 

Discovery of the nucleus of an atom was due to the experiment _ 


" carried out by: 


(a) Bohr 

{c) Moseley 
Isobars are the atoms of: 
(a) same elements having same atomic number 

(b) same elements having same atomic mass 

(c) different elements having same atomic mass 

(d) none of the above 

Which of the following pairs represents isobars? 

(a) }He and 4 2He (b) 7) Mg and 73 3 Mg 

(c) {2K and 3° (d) {oK and 2K 

Na* ion is eer with: (CPMT 1990) 
(a) Li* (b) Mg** = (c) Ca** (d) Ba?* 
The triad of nuclei that is isotonic is: 

(a) iC, ly 9p (b) 20, '4n, 2F 

@ 'éc, 5N, GF (d) $C, 3N, QF 
Sodium atoms and sodium ions: 

{a) are chemically similar 

(b) both react vigorously with water 

(c) have same number of electrons 

(d). have same number of protons _ 

In} PC and ;. em which of the following is false? 


(b) Rutherford 
(d) Thomson .- 
(CBSE 1991) 


; (a) Both jaye 17 protons 
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(b) Both have 17 electrons 
(c) Both have 18 neutrons 
(d) Both show same chemical properties 


Which of the following is isoelectronic with neon? 
(a) OF (b) F* (c) Mg (d) Na 
Neutrino has: 


(a) charge +], mass ] (b) charge 0, mass 0 

(c) charge —1 mass t (d) charge 0, mass 1 
Positronium is the name given to an atom-like combination 
formed between: (JTPMER 1991) 
(a) a positron and a proton 
(b) a positron and a neutron 
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_ a) ua Ge 
Which of the following does not characterise X-rays? 


(a) The radiations can ionise gases 


Radius of a nucleus is proportional to: 
(a) A 
The nature of positive rays produced i in a vacuum SECHnTES 


. ATOMIC STRUCTURE 


(c) a positron and an o-particle 
(d) a positron and an electron 
An isotone of 38 Ge is: 

(b) 33As 


(c) USe = (d) HSe 


(IIT 1992) 


(b) It causes ZnS to fluorescence 

(c) Deflected by electric and magnetic fields 

(d) Have wavelengths shorter than ultraviolet rays 

X-rays are produced when a stream of electrons in an X-ray 

tube: ae 

(a) hits the glass wall of the tube 

(b) strikes the metal target 

(c} passes through a strong mee field 

(d) none of the above 

(b) 43 (cy A? (dy a2 

tube depends upon: 

(a) the nature of the gas filled - 

(b) nature of the material of cathode 

(c}) nature of the material of anode 

(d) the potential applied across the electrodes 

Electromagnetic radiation with maximum wavelength is: 
(MLNR 1991) 


(a) ultraviolet (b) radiowaves 


(c) X-rays (d) infrared 

The ratio of energy of radiations of wavelengths 2000 A and 
4000 A is: (CBSE 1994) 
(a) 2 - (b) 4 (c) 1/2 (d) 1/4 


The ratio of the diameter of the atom _ the diameter of the 

nucleus is: 

(a) 10° (b) 10° (c) 10 (d) 10°! 

The ratio of the volume of the atom and the volume or the 

nucleus is: 

(a) 10° (b) 10! (c) 10° (d) 107° 

Which of the following statements is incorrect? 

(a) The frequency of radiation i is inversely proportional to its 
wavelength 

(b) Energy of radiation increases with increase in frequency 


'(c) Energy of radiation decreases with increase in wavelength 
(d) The frequency of radiation is directly proportional to its, 


wavelength 
Visible light consists of rays with wavelneti in the 
approximate range of: 


(a) 4000 A to 7500 A 

(b) 4x 107 cmto 7.5 x 10 em. 

(c) 4000 nm to 7500 nm 

(d) 4x 10% mto 75x 10° m 

Whic!: of the following statements concerning light is false? 
(a) It is a part of the electromagnetic spectrum ; 
(b) It travels with same velocity, i.e.,3 x 10° cm/s 

(c) It cannot be deflected by a magnet 

(d) It consists of photons of same energy 
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’ (c) stationary orbits 


70. 
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A 600 W mercury lamp emits monochromatic radiation of 
wavelength 331.3 nm. How many photons are emitted from 


the lamp per second ? [PET (Kerala) 2010] 
(h = 6.626 10™* Is, velocity of light = 3x 108 ay 
(a) 1x10” (b) 1x 107° 
(c) 1x10! (d) 1x10” 
(e) 1x10” 
{Hint : Power = Energy 
Time 
nhe 
600 = 
~ AX lsec 
y 34 8 
600 = nX 6,626 x10 aon 
331310 
n=1x107"} 


oe ‘of X-rays, visible, ultraviolet, radiowaves, the largest 
frequency is of: 
(a). X-rays (b) visible 
(c) ultraviolet ' (d) radiowaves 
The wave number ‘which corresponds to electromagnetic 
radiations of 600 nm is equal to: 
(a) 1.6x.10* cm?! (b) 0.16 x 107 cm 
(c) 16x 10* cm”! (d) 160 10* cm™ 
Line spectrum is characteristic of: 
(a) molecules (b) atoms 
(c) radicals . (d) none of these 
Which one of the following is not the characteristic of 
Planck’s quantum theory of radiation? . (ATEMS 1991) 
(a) The energy is not absorbed or emitted in whole number 
multiple of quantum’ 
(b) Radiation is associated with energy 
(c) Radiation energy is not emitted or absorbed continuously — . 
but in the form of small packets called quanta 
(d) This magnitude of energy associated with a Gusti is 
_ proportional to the frequency 
Which of the following among the visible colours has the | 
mininium wavelength? 


(a) Red (b) Blue 

(c) Green (d) Violet 

The spectrum of helium is expected to be similar to that of: 
(a) H (b) Na (c) Het +d) Lit 


According to classical theory if an electron is moving in a 
circular orbit around the nucleus: 

(a) it will continue to do so for sometime < 

(b) its orbit will continuously shrink 

(c) its orbit will continuously enlarge 


~ (d) it will continue to do so for all the time 


Bohr advanced the idea of: 

(a) stationary electrons (b) stationary nucleus 
(d) elliptical orbits — 
On Bohr stationary orbits: 

(a) electrons do not move 

(b) electrons move emitting radiations 

(c) energy of the electron remains constant 


(d) angular momentum of the electron is = 
his 
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_ the first orbit of Li2* 


G.R.B. PHYSICAL CHEMISTRY. FOR COMPETITIONS 


Energy of Bohr orbit: (DPMT 1991) 

(a) increases as we move away from the nucleus 

(b) decreases as we move away from the nucleus _ 

(c) remains the same as we move away from the nucleus 

({d} none of the above 

Which of the following statements does not oon part of 

Bohr’s model of the hydrogen atom? 

(a) Energy of the electron in the orbit is quantized 

(b) The electron in the orbit nearest to the nucleus has the 
lowest energy 

(c) Electrons revolve in different orbit nucleus 

(d) The position and velocity of the electron in the orbit 
cannot be determined simultaneously 

Which of the following statements does not form a part of 

Bohr’s model of hydrogen atom? (DCE 2005) 

(a) Energy of the electrons in the orbit is quantised | 

(b) The electron in the orbit nearest to the. nucleus has the. 
lowest energy _ 

(c) Electrons revolve in different orbits around the nucleus 

(d) The position and velocity of the electrons in the orbit 
cannot be determined simultaneously 

The radius of the first orbit of H-atom is r- Then the radius of 

will be: edna) 2009] 


(a) (b) : (c) 3r ( 


[Hint : r= mx 0.529A] 


The energy ieee when an excited electron returns to its a 


ground state can have: 

(a) any value from zero to infinity 

(b) only negative values 

(c) only specified positive values 

(d) none of the above 

On the basis of Bohr’s model, the radius of the 3rd-orbit is: 
(a) equal to the radius of first orbit 

(b) three times the radius of first orbit 

(c) five times the radius of first orbit’ 

(d) nine times the radius of first orbit 

The ratio of 2nd, 4th and 6th orbits of hydrogen atom is: 
(a) 2:4:6 (b) 1:4:9 

(c) 1:4:6 (dj 1:2:3 

Which point does not pertain to Bohr’s model of atom? 
(a) Angular momentum is an integral multiple of h/ (27) 
(b) The path of the electron is circular 


" (ce) Force of attraction towards nucleus = centrifugal force 


(d) The energy changes are taking place continuously 

The distance between 3rd and 2nd orbits in the hydrogen atom 
is: 

(a) 2.646 x 10° em (b) 2.116 10° om 

(c) 1.058 x 10° cm “(d) 0.529 x 10° cm 


The correct expression derived for the energy of an v electron i in 
the nth energy level in hydrogen atom is: 


(b) £, =~ 


* 


2n?me* 
nh 


2n*me* 
nh? 


(a) E, = 


$1. 
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2n?me* 


2nme* 
ie (d) E, oO ae 


() E, =- 


According to Bohr theory, the angular momentum for an 
electron of 5th orbit is: 


(a) Shim (b) 2.5h/m (c) Su/h (Ad) -25A/m 


‘The value of Bobr radius of hydrogen atom is: (CBSE 1991) 


(a) 0.529 x 1077 cm (b) 0.529 x 10% cm 
(c) 0.529 x 10° cm (d) 0.529 x 1077? cm 
The energy of an electron in n the nth Bohr orbit of hydrogen 


atom (CBSE 1992) 


13.6 13.6 


(a) -PeV (b) - Fev) -—SeV @ - 
Which at the failova electron ssettins in iyarouen atom 
will require largest amount of energy? — (MLNR 1992) 
(a) fromn = Iton = 2 (b) from z= 2ton = 3 
(c) from n= eton=1 (d) froma =3ton=5 
For a hydrogen atom, the energies that-an electron can have 
are given by the expression, E = ~ 13.58/n? eV, where nis an 
integer. The smallest amount of energy that a hydrogen atom 
in the ground state can absorb is: 
{a) 1.00eV (b) 3.39eV_ (c) 6.79 eV. (d) 10.19 eV 
The energy of hydrogen atom in its ground state is —13.6eV. 
The energy of the level corresponding to n = Sis: 

(CBSE 1990) 
{a) — 0.54 eV (b) — 5.40eV(c) -0.85eV (d) —2.72eV 


E,, = -313.6/n?- kcal/mol. If the value of E =~—34.84 
kcal/mol, to which value does ‘n’ correspond? ; 
(a) 4 (b) 3 (©) 2 @ 1 | 
The ratio of the difference between Ist and 2nd Behr orbits 


energy to that between 2nd and 3rd orbits energy is: 
(a) 1/2 (b) 1/3 (e) 27/5 (d) 5/27 
Bohr’s model can explain: 
(a) spectrum of hydrogen atom only 
(b) spectrum of any atom or ion having one electron only 
(c) spectrum of hydrogen molecule 
(d) solar spectrum 
The energy difference between two electronic states is 43.56 
kcal/mol. The frequency of light emitted when the electron 
drops from higher orbit to lower orbit, is: 
(Planck’s constant = 9.52 x 107!* kcal/mol) 
(a) 9.14 x 10" cycle/sec —(b) 45.7. x 10"* cycle/sec 
(6) 91.4x 104 cycle/see —-(d): 4.57 x 10" cycle/sec 
Which of the following transitions of an electron in hydrogen 
atom emits radiation of the lowest wavelength? 
' [EAMCET (Engg.) 2010] 
(a) n, =ton, =2 (b) n, =4ton, =3 
(c) mn, =2tonm =1— (d) n, = Ston, =3 
The wavelength of a spectral line for an electronic transition is 
inversely related to: 
(a) number of electrons undergoing transition’ 


_(b) the nuclear charge of the atom 


(c) the velocity of an electron undergoing transition 


(d) the difference in the energy levels involved in the 
transition : 
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_ _ ATOMIC STRUCTURE 


The ionisation energy of the electron in the 1s-orbital of the 
hydrogen atom is 13.6 eV. The energy of the electron after 


’ promotion to 2s-orbital is: ~ {ESC (Bihar) 1993} 
(a) ~3.4 eV {b) -13.6eV 
(c) -272eV (d) 0.0eV 
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- (c) Lyman series 
In a hydrogen atom, the transition takes place from n = 3 to. 


97. 


_Which electronic level would allow the hydrogen atom to 


absorb a photon but not to emit it? 

(a) ls (b) 2s (c) 3s (d) 4s 

The spectral lines corresponding to the radiation emitted by an 
electron jumping from 6th, Sth’ and 4th orbits to second orbit 
belong to: 

(a) Lyman series (b) Balmer series 

(c) Paschen series (d) Pfund series 

The spectral lines corresponding to the radiation emitted by an 
electron jumping from higher orbits to first orbit belong to: 
(a) Paschen series {b) Balmer series 

(d) None of these 


n = 2.1f Rydberg constant is 1.097 x 10’ m 
of the emitted radiation is: 


' the wavelength 


(a) 6564A (b) 6064 A 
- (ce) 6664A (d) 5664 A 
jake Aipitit . 
[Hint: Apply x als +i 
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_ (c) is the same ~ 
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The speed of the electron in the Ist orbit of the hydrogen atom ; 


in the ground state is (c is the velocity of light): 


@ 3 © i570 © 335 Oi 
(Hint: Velocity of electron in the Ist orbit, v = 4/(2nmr) 


= 2.189 x 10° cm/sec; velocity of light, c=3x10' cm/sec. 


‘Ratio ¢/v = 137] . 
_Find the value of wave number V in terms of Rydberg’s 


constant, when transition of electron takes place between two 
levels of He* ion whose sum is 4 and difference is 2. 


8R 32R 
a)— bce 
(a) 9 (b) r 
(c) ra (d) None of these 
[Hint: 1, +m=4, nm—-m=2 ny = 1, =3 


With the increasing principal quantum number, the energy 
ifference between adjacent energy levels in hydrogen atom: 

(a) increases (b) decreases 

(d) none of these 

An electron in an atom: [CEET (Bihar) 1992] 

(a) moves randomly around the nucleus 

(b) has fixed space around the nucleus | 

(c) is stationary in various energy levels 


_¢d) moves around its nucleus in definite energy levels 


The wave number of first line of Balmer series of hydrogen i is 
15200 cm™'. The wave number of the first Balmer ae Li?* 
ion is: [IEE ise 


a 
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(a) 15,200 cm (b) 60,800 cm! 
(c) 76,000 cm"! (d) 1,36,800 cm™! 


“The position and the velocity of a small particle like electron 
cannot be simultaneously determined.” This statement is: 
(a) Heisenberg uncertainty principle 


‘(b) Pauli’s exclusion principle 


(c) aufbau’s principle 

(d) de Broglie’s wave nature of the electron 

de Broglie equation describes the relationship of wavelength 
associated with the motion of an electron and its: 

(a) mass (b) energy (c) momentum (d) charge 
If the magnetic quantum number of a given atom is 
represented by ~3, then what will be its principal quantum 
number? [BHU (Pre.) 2005] 
(a) 2 (b) 3 (c) 4 (d) 5 

Which of the following relates to photons both as wave motion 
and as a stream of particles? 

(b) Diffraction 
(c) E=hv (d) E=me? 
If uncertainty in the position of an electron is zero, the 
uncertainty in its momentum would be: 

(a) zero - (b) < h/(41) 

(c) > h/(4n) (d) infinite 

Which one of the following explains light both as a stream of 
particles and as wave motion? 

(a) Diffraction (b) A=h/p 

(c) Interference (d) Photoelectric effect 

A body of mass x kg is moving with velocity of 100 msec”. Its 
de Broglie wavelength is 6.62x 107° m. Hence x is: 

(h = 6.62x 104 J sec) | {CET (Karnataka) 2009] 
(a) 0.25 kg (b) 0.15-kg 

(c) 0.2kg (d) 0.1 kg. 


A 200 g cricket ball is thrown with a speed of 3.0 x 10° cm 


sec !. What will be its de Broglie’ s wavelength? 
(h = 66 107" g cm? sec!) [CET (Gujarat) 2008] 
(a) 1.1« 10°? cm (b) 2.2 x10°*? om 


(c) 0.55 x 10°? cm (d) 11.0x 10? cm 


The electronic configuration of a dipositive ion M** is 2, 8, 14 

and its atomic mass is 56. The number of neutrons in the 

nucleus would be: 

(a) 30 (b) 32 (c) 34 (d) 42 

An element with atomic number 20 will be placed in which 

period of the periodic table? 

(a) 5th’ (b) 4th = (c) 3rd (d) 2nd 

The frequency of radiation emitted when the elecson falls 

from n=4 to n=1 in a hydrogen atom, will be (Given 

ionisation energy of H=2.18x 108 yatom™! and 

h = 6.626 x 10°* Js): > [Manipal (Med.) 2007] 

(a) 1.54108 3 (b) 1.03x 10% st 

(c) 3.08x 10% s - (d) 2x 10° s7 

In a multi-electron atom, which of the following orbitals 

described by the three quantum numbers will have the same 

energy in the absence of magnetic and electric fields? 
(ALEEE 2005) 


()n=1,/=0,m=0 (ii) n =2,1=0,m=0 


(LIT 1992) 


a 
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(iii) 2 = 2,/=1,m=1 


(iv) 2 =3,1/=2,m=1 
(v)n=3,1=2,m=0 

(a) (i) and (ii) (b) (ii) and (iii) 

(c) (iii) and (iv) (d) (iv) and (v) 

Which of the ions is not having the configuration of Ne? 


(a) Cr (b) F7 (c) Na* (d) Mg”* 
Which of the following has the maximum number of unpaired 
d-electrons? (KCET 2008) 
(a) Ni** (b) Cu* (c) Zn** (d) Fe** 
Which of the following expressions gives the de Broglie 
relationship? [JEE (WB) 2008] 
(@) p= Oe 

mv mv 
Ors Gime 

mp - P + « 

_The principal quantum number of an atom is related to the: 
Bad (MLNR 1990) 

{a) size of the orbital 
(b). orbital angular momentum 
(c) spin angular momentum 
(d) orientation of the orbital in space 
The magnetic quantum is a number related to: 
{a) size (b) shape 
({c) orientation (d) spin 
The principal quantum number represents: 


(CPMT 1991) 
(a) shape of an orbital” - 
(b) number of electrons in an orbit 
(c) distance of electron from nucleus 
(d) number of orbitals in an orbit 
The quantum number not obtained from the Schrédinger’s 
wave equation is: _ CIT 1990) 
{ayn (b)? (c) m (d) s 
In a given atom, no two electrons can have the same values for 
all the four quantum numbers. This is called: (CPMT 1990) 
(a) Hund’s rule . (b) Pauli’s exclusion principle 
(c) Uncertainty principle  (d) aufbau principle ~ 
The atomic orbital is: > 
(a) the circular path of the electron 
(b) elliptical shaped orbit - 
(c) three-dimensional field around nucleus 


_(d) the region in which there is maximum eed of 


finding an electron 
If the ionization energy for hydrogen atom is 13.6 wy then the 
ionization energy for He®* ion should be: 


1PMT (Haryana) 2004] 
(a) 13.6eV. (b) 6.8 eV 
(c) 54.4 eV (d) 72.2 eV 


Principal, azimuthal and magnetic quantum numbers are 
respectively related to: 


_ (a) size, shape and orientation 


126. 


‘(b) shape, size and orientation 


(c) size, orientation and shape 
(d) none of the above 


Energy of electron-in the H-atom is determined by : 
(a) only n- (b) both n and / 
(d) all the four quantum numbers - 


(c) n,/ and m 
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G.R.B. PHYSICAL CHEMISTRY FOR COMPETITIONS 


Any p-orbital can accommodate up to: 
(a) 4 electrons 

(b) 2 electrons with parallel spins 

(c) 6 electrons 

(d) 2 electrons with opposite spins 


How many electrons can fit into the orbitals that Sominlte the 
3rd quantum shell n = 3? 


(a) 2 (b) 8 (c) 18 (d) 32 

The total number of orbitals in a principal shell is: 

(a) n (b) n? (©) 2n? (d) 3n? 

Two electrons in K-shell will differ in: 

(a) principal quantum number 

(b) spin quantum number 

(c) azimuthal quantum number - 

(d) magnetic quantum number 

Which one of the following orbitals has the ape « of a 
baby-boother ? 

@dy = (dar Odz Ones 


Which one of the following represents an impossible — 

atrangement? (ATEEE 2009) 
‘n loom s nlomi s 

(a) 3 2 -2 1/2 (b) 4 0 0 1/2° 

(c) 3 2  -3 1/2 qd@5 3 0 1/2. 

Which of the following sets of quantum numbers is correct for 

an electron in 4f-orbital? (AIEEE 2004) 

(a) n=4,1= 3,m=+4;s=+1/2 

(b) n=4,1=4,m=-4,s=-1/2 

(c) n=4,1=3,m=+1,s=+1/2 


(MLNR 1990) 


' @) n=3,l=2,m=-2,s=4+1/2° 


134, 


135. 


136.. 


137. 


138. 


The correct quantum numbers of 3p-electrons are: 
[PMT (Raj.) 2004] 

(a) n=3,1=2,m=4+2,s=4+1/2 : 

(b) n=3,lJ=lm=-ls=-V2 _ 

(c) n=3,1=~2,m=-2,s=41/2 

(d) none of the above 

in any subshell, the maximum number of electrons having 

same values of spin quantum number is : 

(a) Ji+1)° (b)/+2 

(c) 22+ 1 (d} 4/ + 2 

[Hint : Number of electrons with same spin 


= ; x Total no. of electrons 
=3% 2(2+1)=(24+)] 


Which of the following represents the correct set of four 
quantum numbers of a 4d-electron? (MLNR 1992) 
{a) 4,3,2,+1/2 (b) 4,2, 1,0 

(c) 4,3,-2,4+ 1/2 (d) 4,2,1,-1/2 


Values of magnetic orbital quantunr number for an electron of 
M-shell can be : |PET (Raj.) 2008] 
(a) 0, 1,2 {b) ~ 2,~- 1,0, + 1,4+2 , 
(c) 0, 1, 2,3 (d) - 1,0,+1 


Correct set of four quantum numbers for the outermost 
electron of rubidium (Z = 37) is: 
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: (a) The electron may have the q. no. / = + 1/2 


ATOMIC STRUCTURE 


(a) 5,0,0, 1/2 


(b) 5, 1,0, 12 


(c) 5,1, 1, 1/2 (d) 6, 0, 0, 1/2 
Which one of the following subshells is spherical in shape? 
(a) 4s (b) 4p (c) 4d (d) 4f 


In hydrogen atom, the electron is at a distance of 4.768 A from 
the nucleus. The angular momentum of the electron is : 


. [EAMCET (Med.) 2010] 
Bh h 
a) — b) — 
(a) On (b) on 
h 3h 
(c) — (d) — 
n nl 
a 
(Hint: r=—x0.529A 
z2 
a 
4.768 = 7 x 0.529 
n=3 
.. Angular momentum (mvr) = Lae 
2 2n* 
Total number of m values for n = 4 is: 
(a) 8 (b) 16 (c) 12 (d) 20 


What is the total number of orbitals in the shell to which the 
g-subshell first arise? 


(a)9 (b) 16 

[Hint : For g-subshell, / = 4 
It will arise in 5th shell. 

Total number of orbitals in 5th shell = 2° = 25] 


in Bohr’s model, if the atomic radius of the first orbit 4, then 
radius of fourth orbit will be : [BHU (Screening) 2010] 


(a) 4% (b) 6% (c) 16; =) = 


Which of the following statements is not correct for an 
electron that has quantum numbers n = 4 and m= 27 


(MLNR 1993) 


(c) 25° (d) 36 


(b) The electron may have the q. no. / = 2 

(c) The electron may have the q. no. / = 3 

(d) The electron may have the q. no. /= 0,1, 2, 3 

The angular momentum of an electron depends on: 

(a) principal quantum number 

(b) azimuthal quantum number 

(c) magnetic quantum number 

(d) allofthe above 

The correct set of quantum numbers for the unpaired electron 


of a chlorine atom is: {(DPMT 2009) 
1 , 1 
a 2, 0, 0, + — b 2,1,-1,+= 
(a) 5 (b) 5 
(c) 3,1,-1,4- (d) 3,0, 0,5 


The magnetic quantum number for valency electron of sodium 
atom is: 

(a) 3 (b) 2 (c) | 
The shape of the orbital is given by: 
(a) spin quantum number 


. (d) zero 
[PET (Raj.) 2008] 


(b) magnetic quantum number 


(c) azimuthal quantum number 
(d) principal quantum number 
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The energy of an electron of 2p, orbital is: 

(a) greater than 2p, orbital 

(b) less than 2p, orbital 

(c) equal to 2s orbital 

(d) same as that of 2p, and 2p, orbitals 

The two electrons occupying the same orbital are 
distinguished by: 

(a) principal quantum-number 

(b) azimuthal quantum number 

(c} magnetic quantum number 

{d} spin quantum number - 

The maximum number of electrons in a subshell is given by 


the expression: (AIEEE 2009) 
(a) 47+ 2 (b) 47-2 
(c) 21+1 (d) 2n? 


The electronic configuration of an atom/ion can be defined by 
which of the following? 

(a) Aufbau principle 

(b) Pauli’s exclusion principle 

(c) Hund’s rule of maximum multiplicity 
(d) All of the above 

An electron has a spin quantum number +1/2 and a magnetic 
quantum number ~ 1. It cannot be present in: 

(a) d-orbital (b)f-orbital (c)s-orbital (d) p-orbital 

The value of azimuthal quantum number for electrons present 
in 4 p-orbitals is: 

(a) 1 

(b) 2 

(c) any value between 0 and 3 except | 

(d) zero 

For the energy levels in an atom which one of the following 
statements is correct? 


. (a) The 4s sub-energy level is at a higher energy than the 3d 
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(co) f>p>d>s 


sub-energy level 
(b) The M-energy level can have maximum of 32 electrons 
(c) The second principal energy level can have four orbitals 
and contain a maximum of 8 electrons 
(d) The Sth main energy level can have maximum of 50 
electrons 
A new electron enters the orbital when: 
(a) (2 + J)is minimum (b) (n + J)is maximum 
(c) (2 + m)is minimum (d) (2 + m)is maximum 
For a given value of n (principal quantum number), the energy 
of different subshells can be arranged in the order of: 
(a) f>d>p>s (b) s> p>d>f 
(d) s> f>p>d 
After filling the 4d-orbitals, an electron will enter in: 
(a) 4p (b) 4s (c) Sp (d) 4f 
According to Aufbau principle, the correct order of energy of 
3d, 4s and 4 p-orbitals is: [CET (J&K) 2006] 
(a) 4p < 3d < 4s (b) 4s< 4p < 3d 
(c) 4s< 3d <4p (d) 3d<4s<4p 
Number of p-electrons in bromine atom is: 
[PMT (Haryana) 2004] 
(b) 15 
(d) 17 


(a) 12 
(c) 7 
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[Ar] 3d!°45! electronic configuration belongs to: 
i [PET (MP) 2008] 

(a) Ti (b) TI (c)Cu (d) V | 
How many unpaired electrons are there in Ni* ? (Z = 28) 
(a) Zero — (b) 8 (c) 2 (d) 4 
The electronic configuration of chromium (Z = 24)is: . 

[PMT (MP) 1993; BHU (Pre.) 2005] 
(a) [Ne] 3573 p°3d4 4s" (b) [Ne] 3873 p°3d °4s! 
(c) [Ne] 3573 p°3d! 4s? (d) [Ne] 3573 p°4s74 p* 
The number of d-electrons in Fe* (At. No. 26) is not equal to 
that of the: (MLNR 1993) 
(a) p-electrons in Ne (At. No. 10) _—* 
(b) -s-electrons in Mg (At. No. 12) 
(c) d-electrons in Fe atom 
(d) p-electrons in Cl” ion (At. No. 17) 


If the electronic structure of oxygen atom is written as _ 


<—— 2p em & ase; ee oes 
ut 2s*| Tete] | ; it would violate: [ISC (Bihar) 1993] 


(a) Hund’s rule 

(b) Pauli’s exclusion principle 

(c) both Hund’s and Pauli’s principles 

(d) none of the above 

The orbital diagram in which ‘aufbau principle’ is violated, is: 


2s _&-—2p-——> 
(a) [Ty | TL IT 


(b) ae iTL1 T te 


i } 
{7 


Which of the following elements is represented bi the 
electronic configuration? 


(b) Fluorine 
(d) Neon 


(a) Nitrogen 
(c) Oxygen 


169. 


170. 


171. 
172. 


173. 


174. 


175. 


176. 


177. 


178. 
179. 


180. 


[Hint : Na,, —— Is”, 2s*2p°, 3s! 


The radial probability distrisuuon curve obtained for an 
orbital wave function (y ) has 3 peaks and 2 radial nodes. The 
valence electron of which one of the following metals does 
this wave function (y ) correspond to ? 

[EAMCET (Med.) 2010] 
(a) Co (d) Na 


(b) Li (c) K 


Valence clectron 
Number of radial node = n—/—-1 (n= 3) 
=3-0-1=2] 
meer (At. No. 36) has the electronic configuration [A] 
3d'°4 p®. The 37th electron will go into which: one of the 
pirates sub-levels? 


(a) 4f (b) 4d 

(c) 3p (d) 3s 

An ion which has 18 electrons in the outermost shell is: 
"(CBSE 1990) 

(a) K* (b) Cu* (c) cst (d) Th** 

Which of the following has non-spherical shell of electron 

(TET 1993) 
(a) He (b) B (c) Be (d) Li 


Which one of the following sets of quantum numbers is not 

possible for an electron in the ground state of an atom with 

atomic number 19? [PET (Kerala) 2006; 
CET (Karnataka) 2009] 

(b) n=2,l=1,m=0 

(d) n=3,l/=2,m=+2 


(a) n=2,1=0,m=0 
(c) n=3,l=1,m=-1 
(e) n=4,1/=0,m=0 
Helium nucleus is composed of two protons and two neutrons. 
If the atomic mass is 4.00388, how much energy is released 
when the nucleus is constituted? 
(Mass of proton = 1.00757, Mass of neutron = 1.00893) 
(a) 283 MeV (b) 28.3 MeV 
(c) 2830 MeV (d) 2.83 MeV 
Binding energy per nucleon of three nuclei A, B and C are 
5.5, 8.5 and 7.5 respectively. Which one of the following 
nuclei is most stable? 
(a) A (bc 
(c) B (d) Cannot be predicted 
The mass of }Li is 0.042 less than the mass oF 3 protons and 
4 neutrons. The binding energy per nucleon in , iLiis: 

(BHU 1992) 
(a) 5.6MeV (b) 56MeV (c) 0.56 MeV (d) 560 MeV 
Meson was discovered by: 
(a) Powell (b) Seaborg. 
(c) Anderson (d) Yukawa — 
In most stable elements, the number of protons and neutrons 
are: 
(a) odd-odd (b) even-even 
(c) odd-even ' (d) even-odd 
Nuclear particles responsible for holding all nucleons together 
are: 
(a) electrons (b) neutrons 
(c) positrons (d) mesons 
The introduction of a neutron into the nuclear composition of 
an atom would lead to a change in: (MLNR 1995) 
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_(a) Ohm’s law 
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ATOMIC STRUCTURE 
(a) its atomic imass (a) 3 (b) 4 {c) 2 (a) 1 
(b) its atomic number 192. A certain negative ion ¥7~ has in its nucleus 18 neutrons and 


(c) the chemical nature of the atom 

(d) number of the electron also 

Which of the following has highest orbital angular 

momentum? 

(a) 4s (b) 4p. (c) 4d (d) af 

Which of the following has maximum number of unpaired 

electrons? [PMT (Raj.) 2004; BHU re) 2005] 

(a) Fe** (b) Fe?* (c) Co** ~  @d) Co** 

An electron is not deflected on 1 passing through a certain 

region, because: 

(a) there is no magnetic field in that region 

(b) there is a magnetic field but velocity of the electron is 
parallel to the direction of magnetic field 

(c) the electron is a chargeless particle 

(d) none of the above 

Tn Millikan’s oil drop experiment, we make-use of: 

(b) Ampére’s law 

(c) Stoke’s law (d) Faraday’s law 

A strong argument for the particle nature of cathode rays is: 

(a) they can propagate in vacuum 

(b) they produce fluorescence 

(c) they cast shadows 


(d) they are deflected by electric and magnetic fields 


As the speed of the electrons increases, the measured value of 
charge to mass ratio (in the relativistic units): 

(a) increases 

(b) remains. unchanged 

(c) decreases 

(d) first increases and then decreases 

Which of the following are true for cathode rays? 
(a) It travels along a straight line 

(b) It emits X-rays when strikes a metal 

(c) It is an electromagnetic wave 

(d) It is not deflected by magnetic field 


. ‘Three isotopes of an element have mass numbers, M, (M + 1) 


and (M + 2). If the mean mass number is (M + 0.5) then 
which of the following ratios may be accepted for 
M,(M +1), (M + 2) in that order?. 

(a) L:i:1 (b) 4: 1:1 

(c) 3:2:1 (d) 2:1:1 

The radii of two of the first four Bohr. orbits of the hydrogen 
atom are in the ratio | : 4. The energy difference between them 
may be: 

(a) either 12.09 eV or 3, 4 eV (b) either 2. 55 eV or 10.2 eV 
(c) either 13.6 eV or 3.4 eV (d) either 3.4 eV or 0.85 eV 


Photoelectric emission is observed from a surface. for - 


frequencies v, and v, of the incident radiation (v, > v, ). If the 
maximum kinetic energies of the photoelectrons in the two 
cases are in the ratio 1 : A then the threshold frequency Vy is 
sia us 

wae YE 
-1 


ioe number of waves made by a as ee in an orbit of 
maximum magnetic quantum number +2 is: 


(a ~ (b) er (@ 42=™ eames SE @ Bo 


193. 


194, 


195. 


196. 


197. 


198, 


199. 


200. 


- 201. 


18 electrons in its extranuclear structure. What is the mass 

number of the most abundant isotope of X ? 

(a) 36 (b) 35.46 {c) 32 (d) 39 

Which of the following statements is not correct? 

(a) The shape of an atomic orbital depends on the azimuthal 
quantum number 

(b) The orientation of an atomic orbital depends on the 
magnetic quantum number 

(c) The energy of an electron in an atomic orbital of 
multielectron atom depends on the principal. quantum 
number 

(d) The number of degenerate atomic orbitals of one type 
depends on the values of azimuthal and magnetic quantum 
numbers 

Gases begin to conduct electricity at low pressure because: 


“(CBSE 1994) 
(a) at low pressures gases turn to plasma 


(b) colliding electrons-can acquire higher kinetic energy due to 


increased mean free path leading to ionisation of atoms 
(c} atoms break up into electrons and protons 
(d) the electrons in atoms can move freely at low pressure 
An electron of mass m and. charge e, is accelerated from rest 
through a potential difference V in vacuum. Its final speed will 
be: . (CBSE 1994) 


(a) J(eV/m) (b) 2eV/m 
(c) «{(eV/2m) (d) {(2eVim) 


The difference in angular momentum associated with. the 

electron in the two successive orbits of hydrogen atom is: 

(a) A/t (b) h/2n (c) h/2 (d) (n-DA/2n 

Photoelectric effect can be explained by assuming that light: 

(a) is a form of transverse waves . 

(b) is a form of longitudinal waves 

(c) can be polarised 

(d) consists of quanta - 

The photoelectric effect supports quanhiin nature of light 

because: 

(a) there is a minimum frequency of light below which no 
photoelectrons are emitted 

(b) the maximum kinetic energy of photoelectrons depends 
only on the frequency of light and not on its intensity 

(c) even when metal surface is faintly illuminated the 
photoelectrons leave the surface immediately 

(d) electric charge of photoelectrons is quantised 

The mass of a proton at rest is: (CBSE 1991) 


(a). zero (b) 1.67x 10° kg 

(c) one amu (d) 9x 107! kg 

Momentum of a photon of wavelength is: (CBSE 1993) 
(a) h/d (b) zero (c) AAlc? . (d) AAI 


When X-rays pass through air they: 
(a) produce light track in the air 
(b) ionise the gas 
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202. 


203. 


204, 


205. 


- placed in order of increasing energy, from the lowest to highest © 


206. 


207. 


208. 


209. 


210. 


211. 


212. 


213. 


(c) produce fumes in the air 
(d) accelerate gas atoms. 
X-rays: 
(a) are deflected in a magnetic field 
(b) are deflected in an electric field _ 
(c) remain undeflected by both the fields 
(d) are deflected in both the fields 
Find the frequency of light that corresponds to photons of 
energy 5.0x 10° erg: (AIIMS 2010) 
(a) 7.5x107! sec"! © (b) 7.5x 1077! sec 
(c) 75x10"! sec™! (d) 7.5x 10"! sec 
E___5x10™ erg 
h 663x oe “= sec 
= 7.54 x10" sec 
The energy of an electron the first Bohr orbit of H-atom is 
~13.6 eV. The possible energy value(s) of the excited state(s) 


(CPMT 1991) 


[Hint Ive 


for electrons in Bohr orbits of hydrogen is/are: (IIT 1998) 
(a) -3.4eV (b) ~ 4.2 eV 
(c) -6.8 eV (d) +6.8 eV 


The electrons identified by quantum numbers n and 7, (i) n = 4, 
l=1 Gi) n=4,/=0 (iil) n = 3,1] = 2 (iv) n= 3,]=1 can be 


as: (IIT 1999) 
(@) (iv) <Gi) <Gi)<@ — ) ) <@y<@ <Gii) 
(c) (i) <Gii) < Gi) <(iv) @ ii) <@ <v) < Gi) 


The wavelength of the radiation emitted when an electron falls 


from Bohr orbit 4 to 2 in hydrogen atom is: (HIT 1999) 
(a) 243 nm (b) 972 nm 
(c) 486 om (d) 182 nm 


The energy of the electron in the first orbit of He* 
— 871.6x 10°” J. The energy of the electron in the first oa 
of hydrogen would be: ‘(IT 1998) 


(a) —871.6x 107° J (b) ~ 435x109 J 
(c) -217.9x 10" J (d) — 108.9x 10°? J 

The wavelength associated with a golf ball weighing 200 g and 
moving with a speed of 5 nv/h is of the order of: 
(a2) 10m (6b) 107m (10m @10%m © 
Who modified Bohr theory by introducing elliptical orbits for 


electron path? (CBSE 1999) 
(a) Hund _(b) Thomson : : 
(c) Rutherford (d) Sommerfeld 


os uncertainty in momentum of an electron is 1 x 10° kg 
"| The uncertainty He its position will be: 

(he 6.62 x 104 kg-m?-s) (CBSE 1999; BHU 2010) 

(a) 1.05x 10°? m (b) 1.05 x 10°76 m 


(c) 5.27x 10° m (d) 5.25x 108 m 


The Bohr orbit radius for the hydrogen atom (n=) is 
approximately 0.530 A. The radius for the first excited state 


(n = 2) orbits is: (CBSE 1998) 
(a) 013A (b) 106A () 477A (d) 212A” - 
The number of nodal planes in p,-orbital is: (IIT 2000) 
(a) one (b) two (c) three (d) zero 


The angular momentum (L) of an electron in a Bohr orbit is 
given as: ‘GIT 1997) 


(IIT 2000) — 
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Pes 2 A 
(a) L= > (0) L= fd+ 1) 
h . 


Gy) iss (d) L=— 


2m 
Ground state electronic configuration of nitrogen atom can be 
represented by: (IIT 1999) 


3. (UTA P Tb] 4 (ye ] 


(a) 1 only (b) 1,2 only (c) 1,4only (d) 2,3 only 

Which of the following statement(s) are correct? 

1. Electronic configuration of Cr is [Ar] 3d °4s' (At. No. of 
Cr = 24) 

2, The magnetic quantum number may have negative value 

3. Insilver atom, 23 electrons have a spin of one type and 24 
of the opposite type (At. No. of Ag = 47) __ 


4. The oxidation state of nitrogen in HN; is 3 dT 1998) _ 


(a) 1,2,3 (b) 2,3,4 {c) 3,4 (d) 1,2,4 

The _ electronic configuration of. an element is 
1s*2s?2 p® , 3573 p® 3d 5, 45!. This represents: (LIT 2000) 
(a) excited state (b) ground state 

(c)} cationic state (d) anionic state 


The quantum numbers + u and ae for the electron spin 

represents: 2 (HIT 2000) 

(a) rotation of the electron in clockwise and anticlockwise 
directions respectively 

(b) rotation of the electron in anticlockwise and clockwise 
directions respectively 

(c) magnetic moment of electron pointing up and down 
respectively 

(d) two quantum mechanical spin states which have no 
classical analogues 

Rutherford’s experiment, which established the nuclear model 

of the atom, used a beam of: (IIT 2002) 

(a) B-particles, which impinged on a metal foil and got 
absorbed 

(b) y-rays, which impinged on a metal foil and ejected 
electrons 

{c) helium atoms, which impinged on a metal foil and got 
scattered | 

(d) helium nuclei, which impinged on a metal foil and got 
scattered 

How many moles of electrons wei “igh one kilogram? 

(Mass of electron = 9.108 x10" kg, Avogadro’s number 


= 6,023 x 10”) (IIT 2002) 
a) 6.023 x 107 yg 
(a) (b) e108 
(c) 91023 10 (4) — —_ x10 
9.108 9.108 x 6.023 


If the electronic configuration of nitrogen had Is’, it would 
have energy lower than that of the normal ground state 
configuration 1s?2s*2p* because the electrons would be 
closer to the nucleus. Yet is’ is not observed because it 
violates: (IIT 2002) 


221. 
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ATOMIC STRUCTURE 


(a) Heisenberg uncertainty principle 

(b) Hund’s rule 

(c) Pauli’s exclusion principle 

(d) Bohr postulates of stationary orbits 

The orbital angular momentum of an electron in 2s-orbital is: 
{IIT 1996; ATEEE 2003; PMT (MP) 2004] 


Lh 
(a) + 3 oy (b) zero 
ot (va 
2n 


Calculate the wavelength (in pe es associated with a 


proton moving at 1x 10° msec™!. 


(mass of proton = 1. 67x 10°?” ie. h = 6.63x 10 J sec) 
(AIEEE 2009) 

(a) 0.032 nm 

(c) 2.5 nm 


(b) 0.40 nm 
(d) 14 nm 
h 6.63x10" 


_.[Hint :A.=—=- 
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mo 167x107" x10° 
» =0,397x10° m=04 nm] 
The value of Planck’s constant is 6.63x 10 J-s. The 
velocity of light is 3 x 10* m/sec. Which value is closest to the 
wavelength in nanometer of a quantum of light with frequency 


of 8x 10" sec”!? [CBSE (PMT) 2003] 
(a) 5x10 (b) 4 x 10! 
(c) 3x 107 (d) 2x 1075 


Which of the following statements in relation to the hydrogen 
atom is correct? (AIEEE 2005) 
(a) 3s-orbital is lower in energy than 3p -orbital 

(b) 3p-orbital is lower in energy than 3d -orbital 

(c) 3s-and 3p -orbitals are of lower energy than 3d-orbital 

(d) 3s, 3p -and 3d-orbitals all have the same energy 

The number of d-electrons in Ni (At. No. = 28) is equal to that 
of the: [CPMT (UP) 2004] 
(a) sand p-electrons in F~ 

(b) p-electrons in Ar (At. No. = 18) 

(c) d-electrons in Ni** 

(d) total number of electrons in N (At. No. = 7) 

The number of radial nodes of 3s- and 2p-orbitals are 
[IIT (Screening) 2005] 
{a) 2,0 (b) 0, 2 (c) 1,2 (d) 2, 1 

Which of the following is not permissible? (DCE 2005) 
(a) n=4,1/=3,m=0 (b)n=4,1=2,m=1 
(c)n=4,l=4,m=1 (d)n=4,]=0,m=0 
According to Bohr theory, the angular momentum of electron 
in 5th orbit is: (AIEEE 2006) 


@2" wit (jit arse 
T T n vt 


Which of the following sets of quantum numbers represents . 


the highest energy of an atom? 
(a) n=3,1=0,m=0,s=+¥, 
(b) n=3,/=1m=1 s=+¥ 
(c) n=3,/=2,m=1,s=+¥4 
(d) n=4,/=0,m=0,s=+¥4 


(AIEEE 2007) 
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In ground state, ‘the radius of hydrogen atom is 0. 53 A. The 


radius of Li* ion (Z = 3) in the same state is: 
[PET (Raj.) 2007] 
(a) 017A (b)106A (c) 053A (d)0.265A 


- How many d-electrons in Cu* (At. No. = 29) can have the spin 


quantum number (— 4)? 
(a) 3 (b) 7 


(SCRA 2007) 


(c) 5 (d)9 


« Which of the following electronic configurations, an atom has 


the lowest ionisation enthalpy? [CBSE (Med.) 2007] 
(a) 1s*2s?2p? (b) Is? 2s? 2 p35! 
(c) Is*2s*2p* (d) Is*2s?2 p° 


The measurement of the electron position is associated with ai an 
uncertainty in momentum, which is equal to 1x 10° '® g cms wee 
The uncertainty in electron velocity is: (mass of an electron is 
9x10 7% 9) [CBSE-PMT (Pre.) 2003) 
(a) 1x 10° ems7! (b) 1x 10'' cms7! 


(c) 1x 10? cems™! ‘ (d) 1x 10% cms! 


The: ionization enthalpy of hydrogen atom is 1.312 x 10&J———.. - 


mol” ', The energy required to excite the electron in the atom 
from n = lton = 2is: (AIEEE 2008) 
(a) 9.84 x 10° J mol”! (b) 8.51 x 10° J mol”! 

(c) 6.56 x 10° J mol! (d) 7.56 x 10° J mol™! 

[Hint : £, =—1.312x10°J mol”! 

E,__ 1312x108 
a 
AE = (E, — E,) = 1.312 x 10° (1-4) 


Ey = Jmol”! * 


= - x 1.312 10° = 9.84 x 10°J mol” 4] 


The wavelengths of electron waves in two orbits is 3 : 5, The 
ratio of kinetic energy of electrons will be: (EAMCET 2009) 


(a) 25:9 (b) 5:3 
{c) 9:25 (d) 3:5 
‘ h 
Hint : We know, 4 = 
[ V2Em 
CLIN Lor 
A. VA 
23 -|Be 
5 VE, 
ee E, : E, = 25:9) 
Electrons with a kinetic energy of 6023x10* J/mol are 


evolved from the surface of a metal, when it is exposed to 


. tadiation of wavelength of 600 nm. The minimum amount of 


energy required to remove an electron from the metal atom is : 
_(EAMCET: 2009) 

(a) 2.3125x10 7.) 3x10P 

(c) 6.02x10'° J (d) 662x10°* J 

[Hint : Absorbed energy = Threshold energy + kinetic energy 


of photoelectron 
“a = Ey+ KE 
6.62 104 x 3x 108 6.023 x 104 
SS = et oe 
600 x10 6.023 x 10 ; 


(a) ~22x107° J atom. 


134 | 
331x107 = E,+1xto” 

Ey = 231x107? J] 
237. For the Paschen series the value of , and n, in the expression 

i ok . 

AE = Ry Xc| ~~ [is 

if E ;| 
(a) ny = 1m = 2,3,4.... 
(b) n, =2,n, = 3,4,5... 
(c) n, =3,m =4,5,6... 
(d) n, =4, a) = 5, 6,7... 
238. Ionization energy of He’ is 19.6x 107'*J atom™'. The energy 
of the first stationary state (n = 1) of Li?’ is: (AIEEE 2010) 
(b) 882x107" J atom! 
(a) -4.41x 107" J atom | 


{JEE (WB) 2009] 


(c) 4.41x 10° J atom”! 


(Hint : Fug 2h 
i zi 
_ 196x108 _ es “2s 
De. 


_9 18 
Ty aq 


= 441x198 
=4.41x107" Jatom™ 


= 17 -1 
. Eye» = 441x100" J atom™ | 


239. The energy required to break one mole of Cl—Cl bonds in Cl, 
is 242 kJ mol”!. The longest wavelength of light capable of 
breaking single C1—C] bond is: (AIEEE 2010) 
(c=3x10° msec!, N, = 602310” mol) 
(a) 700nm = (b) 494nm == (c) 594nm = (d) 640 nm 
int : _ 242 
[Hint : Bond energy of single bond = ei? 
. = 4.017x10 kJ 
=4.017x10% J - 
_ he 
“oh 
6.626 x 10-4 x 3x 108 
X 
X= 4.94x 107? m= 494 nm] 
In Sommerfeld’s modification of Bohr’s theory, the trajectory 
of an electron in a hydrogen atom is: [JEE (WB) 2010] 
(a) perfect ellipse , 
(b) a closed ellipse like curve, narrower at the perihelion 
position and flatter at the aphelion position 
(c) aclosed loop on spherical surface 
(d) a rosette 


Set-2: The questions given below may have more 
than one correct answers 


1. Correct order of radius of the Ist orbit of H, He*, Li?* and 
Be** is: = 
(a) H >He* >Li’* > Be** 
(b) Be** > Li** > Het > H 
_ (c) He* > Be** > Li?* > H 
(d) He* >H) > Li?* > Be?* 


E 


4.017x10°? = 


2. 


6. 
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G.R.B, PHYSICAL CHEMISTRY FOR COMPETITIONS 


Which is the correct relationship? 

(a) £, of H= 1/2 £, of He* = 1/3 Ey of Li?* = 1/4 E, of Be** 
(b) £, (H) = E,(He*)= E,(Li** )= E,(Be*) 

(c) E,(H) = 2E,(He* ) = 3E;(Li™*) = 4£,(Be** ) 

(d) No relation 7 

Which is correct for any kind of species? 

(a) (E, - E;)> (Ey ~ E,)> (Ey - Es) 


~ (b) (E, ~ E,) < (Ey ~ E,)< (Ey - 3) 


(c) (E, ~ E,)= (E, - E,) = (E, - E3) 

(d) (By ~ E,) = V4(E, - Ey) = VE, ~ Es) 

No. of visible lines when an electron returns from 5th orbit to 
ground state in H spectrum is: 


(a) 5 b)4 © 3 (d) 10 
Quantum numbers / = 2 and m = Orepresent which orbital? 
(a) d,, )d, 2. Od, (d) d,, 


If nand/ are principal and azimuthal quantum numbers 
respectively, then the expression fog calculating: the total— 


numbers of electrons in any energy level is: 
f=n f=an~1 


@) E, 2@1+1) ) E 201+1) 
l=nvt f=n-1 


() % 20@+1) 


Order of no. of revolution/sec y,, ¥2,'Y3 and 4 for I, IL, III and 
IV orbits is: 

(a) Yi >Y2>¥3>¥4 (b) Y4>¥3>%2>%1 

(C) ¥) >¥2>Y4>¥3 (4) Y2>¥3>%a>V 
Consider the following statements: ; 

(A) Electron density in the xp-plane in 3d. ai? orbital is zero 
(B) Electron density in the xy-plane in 3d 2 orbital is zero 
(C) 2s-orbital has one nodal surface 
(D) For 2 p_-orbital yz is the nodal plane, 

Which are the correct statements? 

{a) (A) and (C) (b) (B) and (C) 

(c) Only (B) (d) (A), (B), (C) and (D) 

The first emission line in the H-atom spectrum in the Balmer 


- Series appears at: 


5R 4 | ae 7R 4. OR 4 
(a) 36 cm” (b) r cm™ (c) aa em” (d) x06 
1 BM is equal to: 
2 

a—— wo of .@% 

nite 4nm ~ 4m um 
Radial probability distribution curve t 
is shown for s-orbital. The curve is: 
(a) Is z 
(b) 2s BR 
(c) 3s @§s 
(d) 4s 


9 : Time —-> 
dz* orbital has: 


(a) a lobe along z-axis and a ring along xy-plane 
(b) a lobe along z-axis and a lobe along xy-plane 
(c) a lobe along z-axis and a ring along yz-plane 
(d) a lobe and ring along z-axis 


13. 


14, 


15. 


16. 


17, 


18. 


19. 


(i) 1s?2s*2 p°3s! 


ATOMIC STRUCTURE 


When a light of frequency v, is incident on.a metal surface the - 


photoelectrons emitted have twice the kinetic energy as did the 
photoelectron emitted when the same metal has irradiated with 
light of frequency v,. What will be the value of threshold 
frequency? 

(a) V9 = Vj, -— V2 
(C) Vo = 2v, — V2 


(b) Vo = Vy a 2v> 
(d) Vg =v, + V2 


' Heisenberg’s uncertainty principle is not valid for: 


(a) moving electrons (b) motor car 

(c) stationary particles (d) all of these 

Consider these electronic configurations for Beutel atoms; 
(ii) Is”2s*2p°4s! 
Which of the following statements is/are false? 

(a) Energy is required to change (i) to (ii) 

(b) (i) represents ‘Na’ atom 

(c) (i) and (ii) represent different elements 

(¢) More aeey is eesti to remove one electron from (i) than 


- -(ii)-- eos on 


For the energy tials in an atom which & one e of the following 


statements is/are correct? 

(a) There are seven principal electron energy levels 

(b) The second principal energy level can have 4 subenergy 
levels and contain a maximum of 8 electrons 

(c) The M energy level can have a maximum of 32 electrons 


(d) The 4s subenergy level is at a lower energy than the 3d 
subenergy level 


Which of the following statements are correct for an eisai 
that has n= 4and m= ~2? 


(a) The electron may be in a d-orbital 

(b) The electron is in the fourth principal electronic shell 

(c) The electron may be in a p-orbital 

(d) The electron must have the spin quantum number = + 1/2 
The angular momentum of electron can have the value(s): 


h. h 
a ioe 


2h 
(c) ie (2 = 


Which of the following statements is/are wrong? 

(a) If the value of /= 0, the electron distribution is spherical 
(b) The shape of the orbital is given by magnetic quantum no. 
(c) Angular moment of Ls, 2s, 3s electrons are equal 

(d) In an atom, all electrons travel with the same velocity 


135 


20.. Consider the following sets, of quantum numbers: 
be "ht ; | ene om s 
(A) 3 0 0 +% 
(B) 2 2 L +% 
(c)4 3 “=2 -\ 
(D) 1 0 -1 -\ 
(E) 3. 2 3 oY 
Which of the following sets of quantum numbers is not 
possible? [CBSE (Med.) 2007] 


21. 


22. 


(a) (A), (B), (C) and(D) —_(b) (B), (D) and (E) 
(c) (A) and (C) (d) (B), (C) and (D) 
For three different metals A, B,C photo-emission is observed 
one by one. The graph of maximum kinetic energy versus 
frequency of incident radiation are sketched as : 

[BHU (Screening) aman 


“ (c) (d) 


For which of the ee species, the expression for the 


2 

energy of asceais in then | E, = Ge eV atom | has 
a. 

the validity? [BHU (Mains) 2010] 

(a) Tritium (b) Li2*- 

(c) Deuterium (d) He?* 
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Assertion-Reason TYPE QUESTIONS 


Set-1 
The questions given below consist of an ‘Assertion’ (A) and 


the ‘Reason’ (R). Use the following keys for the appropriate 
answer: 


. (a) If both (A) and (R) are correct and (R) is the correct reason for 
(A). 


(b) If both (A) and (R) are correct but (R) is not the correct 


explanation for (A). 


(c) If (A) is correct but (R) is incorrect. 
(d) If (A) is incorrect but (R) is correct. 


3. 


5. 


7. 


10. 


(A) F-atom has less electron affinity than CI” atom. 
(R) Additional electrons are repelled more effectively by 3p 
electrons in Cl atom than by 2 P electrons in F-atom. 


(A) Nuclide 7? Al is less stable than 33Ca. 
(R) Nuclide having odd number of protons and neutrons are 
generally unstable. 
(A) The first IE of Be is greater than that of B. 
(R) 2p-orbital is lower in energy than 2s. 
(A)The electronic configuration of nitrogen atom is 
_ Tepresented as: 


and not as: 


“@) The electronic configuration of the ground state of an 


atom is the one which has the greatest multiplicity. 

(A) The atomic radii of the elements of oxygen family are 
smaller than the atomic radii of corresponding elements of 
the nitrogen family. 

(R) The members of oxygen family are all more 
electronegative and thus have lower value of nuclear 
charge than those of the nitrogen family. 

(A) For 2 = 3, / may be 0, | and 2 and may be 0, £1 and 0, +1 
and +2. 

(R) For each value of 2, there are 0 to (n — 1) possible values 
of J; for each value of /, there are 0 to / values of m. 

(A) An orbital cannot have more than two electrons. 

(R) The two electrons in an orbital create opposite magnetic 
field. 

(A) The configuration of B-atom cannot be Is 2s”. 

(R) Hund’s rule demands that the configuration should displev 
maximum multiplicity. 

(A) The ionization energy of N is more than that of O. 

{R) Electronic configuration of N is more stable due to half- 
filled 2 p-orbitals. 

(A) p-orbital is dumb-bell shaped. 

(R) Electron present in p-orbital can have any one of the three 
values of magnetic quantum number, i.e., 0, +1 or—1. 


(IIT 1998) - 


Set-2 


The questions given below consist of two statements as. ‘Assertion’ 
(A) and ‘Reason’ (R); while answering these choose any one of 


them: 


(a) 
(b) 


(c) 
(d) 


11. 


12. 


13 


14. 


15. 


16. 


17. 


18. 


19. 


If (A) and (R) are both correct and (R) is the correct reason for 
(A). , 
If (A) and (R) are both correct but (R) is not the correct reason 
for (A). 

If (A) is true but (R) is false. 

If both (A) and (R) are false. 


(A) A special line will be seen for 2p, - 2p, transition. 
(R) Energy is released in the form of wave of light when the 


. electron drops from 2p, to—2p, orbital. (AHIMS 1996). 


(A) Ionization potential of Be (At. No. = 4) is less than B (At. 
No. = 5). 

(R) The first electron released from Be is of p-orbital but that 
from B is of s-orbital. (AIITMS 1997) 

(A) In Rutherford’s gold foil experiment, very few o.-particles 
are deflected back. 

(R) Nucleus present inside the atom is heavy. 

(A) Limiting line in the Balmer series has a wavelength of 

- 364.4 mm. 

(R) Limiting line is obtained for a jump of electron from 
n= 09, 

(A) Each electron in an atom has two spin quantum numbers. 

(R) Spin quantum numbers are obtained by solving 
Schrédinger wave equation. 

(A) There are two spherical nodes in 3s-orbital. — 

(R) There is no planar node in 3s-orbital. 

(A) In an atom, the velocity of electron in the higher orbits 
keeps on decreasing. 

(R) Velocity of electrons is inversely proportional to radius of 
the orbit. 

(A) if the potential difference applied to an electron is made 4 
times, the de Broglie wavelength associated is halved. 

(R) One making potential difference 4 times, velocity is 
doubled and hence d is halved. 

(A) Angular momentum of Is, 2s, 3s, etc., all have spherical 
shape. 

{R) ls, 2s, 3s, etc., all have spherical shape. 

(A) The radial probability of ls electron first increases, till it is 
maximum at 53 A and then decreases to zero. 

(R) Bohr radius for the first orbit is 53 A. 

(A) On increasing the intensity of incident radiation, the 
number of photoelectrons ejected and their KE increases. 

(R) Greater the intensity means greater the energy which in 
turn means greater the frequency of the radiation. 

(A) A spectral line will be seen for a 2p, ~ 2p, transition. 

(R) Energy is released in the form of wave of light when the 
electron drops from 2p, to 2p, orbital. (VMMC 2007) 
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1. (a) 2. (b) 3. (a) 5. (c) 6. (d) 7. (a) 8. (a) 
9 (a) - 10. (a) 11. (@) 13. (c) 14. (b,c) 15. (c, d) 16. (a, d) 
17. (b,c) 18. (a,b,c) 19. (&) 21. (@) 22. (a, b,c) 


9. (c) 10. (a) 11. (d) / 42 (d) 13. (b) 14. (a) 15. (d) 16. (b) 


pete teeta oy a : a ad & t 
1. (c) 2. (a) 3. (c) 4. (a) 5. (c) 6. (a) 7. (b) 8. (© i 
17. (c) 18. (a) 19. (b) 20. (b) 21. (d) 22. (d) 
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[—— Jfonsecrrve Questions] for [ ITT ASPIRANTS 


The following questions contain a single correct option: 


4, Maximum value (n + 1+ m) for unpaired electrons in second 


1. The configuration of Cr atom is 3d °4s' but not 3d 445” due to excited state of chlorine ,7Cl is: 
reason R, and the configuration of Cu atom is 3d '°4s' but not {a) 28 (b) 25 
3d °4s? due to reason R,, R, and Be bag (c) 20 (d) none of these 
{a) R,: The ho a energy of 3d °4s' is greater than that of [Hint: Configuration in second excited state may be given as: 
3d * 3 3d 
R,: The see energy of 3d '°4s! is greater than that we Say 1 1 44 
of 3d 74s". ies ye eg ; 
(b) R,: 3d °4s! and 3d “4s” have same exchange energy but 
3d °4s' is spherically symmetrical. . a. ! 1 2 2 |Totala+/+m=25] 
R,: 3d '04 5! is-also spherically symmetrical. m  -i 0 +1 4200 +1 


{ce) Ry: 3d 54s! has greater exchange energy than 3d *45*. 
R,: 3d was! has spherical symmetry. 
(d) R,: 3d °4s' has greater energy than 3d 445. 


5. Which of the following is correctly. matched? —— 
(a) Momentum of H-atom when electrons 


: 3Rh 
R,: 3d '°4s! has greater energy than 3d 9457. return fromn = 2ton=1 : ws 
[Hint: 3d °4s' is correct because it has greater exchange (b) Momentum of photon: Independent of wavelength 
possibilities of unpaired electrons. of light 
En | Exchange = 1-2, 1-3, 1-4, 1-5 ¢) e/mratio of anode rays : Independent of gas in the 
| 4 1 4 possibilities: 2-3, 2-4, 2-5 ©) ‘i dischaige tube . 
12 3 4 § (10) rie +5 (d) Radius of nucleus : (Mass no.)!/? 
eo [Hint: rRle-a |e | 
3d '°4s' is correct because 3d '°-orbitals are: spherically : r r 2 4 
symmetrical.] 4 = h 
2. Which of the following graphs is incorrect ? P 
: oP yy 3K _ BR 
¢ / 4 4 
t 6. In hydrogen spectrum, the third line from the red end 
v Vv corresponds to which one of the following inter-orbit jumps of 
| | the electrons from Bohr orbit of hydrogen? 
, (a) 451 (b) 25 (c) 3-2 (d) 532 
n——> day 7. In which of the following pairs is the probability of finding the 
@) S (b) electron in xy-plane zero for both orbitals? 
(@) 3dy.,4d2_ 2 (b) 2p,.d_2 
‘ (c) 4d., 3p, (d) None of these 
8. In which of the following orbital diagrams are both Pauli’s 
v v : er : 
| | exclusion principle and Hund’s rule violated? 
: @T]| tit] tT] @ | ty oe 
zZ-——> n—> 


(c) (d) . ¢ 
3. Which among the following is correct of ,B in normal state? 


2 


9. The ey abe 3rd and 2nd Bohr t- a =e 


2s 2p ; . atom is: ‘ 
: . : =f ~8 
(a) at i | | t : Against Hund’s rule (a) 0.529 x 10 cm (b) 2.645 x 10° cm. 
_ (c) 2.116 10° om (d) 1.058 x 10% cm 
(b) | T : Against aufbau principle (Hint: % — 7% =(3? - 27) x 0.529 x 10° cm] 
r-— —— as well as Hund’s tule 10. Which diagram represents the best appearance of the line 
(ce) LTT} LT | : Violation of Pauli’s exclusion spectrum of atomic hydrogen in the visible region? 
heen principle and not Hund’s rule [PET (Kerala) 2007| 
(d) TL | T : Against aufbau principle 


11. 


12. 


13. 


14. 


15. 


16. 


(Hint: 


. (c) 0,1, ¥6 #, V3 


‘ATOMIC STRUCTURE . 


Increasing wavelength 


» TL LoM 
@ | fed | | 
a 


The ‘m’ value for an electron in an atom is equal to the number 


of m values for / = 1. The electron may be present in: 
(a) 3422 _ &) Sie? mpPV oot. ES og 
(c) 4 f tye (d) none of these 
Total values of m= (21+ 1) = 3for/=1 

m = 3is for f-subshell orbitals.] 


If m= magnetic quantum number, /= azimuthal quantum 
number, then: - 


(a) m=1+2 (b) m=2F +1 
(c) [= —— (d) /=2m+1 
[Hint: Magnetic quantum number ‘m’ lies between it 0+; 


thus total possible values of ‘m’ will be (2/ + 1). 


m=21+1, ie, j=) 


What are the values of the orbital angular momentum of an 
electron in the orbitals ls, 3s, 3d and 2p ? 


(a) 0,0,V6h, V2’ (b) 1,1,V4 a, v2h 
(d) 0,0, 20 n, V6 h 


(Hint: Orbital angular momentum = a d+) a = fi +)aA] 
in * 


After np-orbitals are filled, the next orbital filled will be: 
(a) (n+Ds  (b) (n+2)p (c) (n+ Dd (dd) (n+ 2)s 
The ratio of (E, — E, ) to (E, — E,) for the hydrogen atom is 
approximately equal to: 
(a) 10 (b) 15 (c) 17 (d) 12 
(Hint: 

Ca) 1 
Bi i eS ot eh 
Eb-E (3 ~ 3 4443 «10815 

(i) 2 


Which of the following electronic configurations has zero spin 
multiplicity? 


(a) ) 
©) @ 


{Hint: Spin multiplicity = (2s + 1) 


17. 


18, 


19. 


20. 


2. 


@ ft 7 
vin 


22. 


_(c) (1 + 1)nodal surfaces 
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A photosensitive material would emit electrons if excited by 
photons beyond a threshold. To overcome the threshold, one 
would increase: '  (VITEEE 2007) 
(a) the voltage applied to the light source : 

(b) the intensity of light 

(c) the wavelength of light 

(d) the frequency of light | 

Which of the following electronic configurations have the 
highest exchange energy? 


eee s As 
(@) {TI T[T can 
ey eee ee a 
ic: (ELIAS) 
«gy. 


Which of the following graphs correspond to one node? 


f of 


W W 
—> ag + ag 
{a) (b) 
f t 
W v 
F = 
—+> a% 
(c) 2 * (d) 


Angular distribution functions of all orbitals have: 

(a) / nodal surfaces (b) (J — 1) nodal surfaces 

(d) (n ~ 1 - 1) nodal surfaces 
If uncertainty in position and momentum are equal then 
uncertainty in velocity is: [CBSE-PMT (Pre.) 2008] 


otf @t fe 
2m V1 mVn 


when Ax = Ap 


[Hint: 


a 
ot hy 


The number of waves made by a Bohr electron in an orbit of 
maximum magnetic quantum number 3 is: 


(a) 3 (b) 4 {c) 2 
(Hint: m=3,/=3,n=4 


For, 2 = 4, number of waves will be 4.] 


(d) 1 
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23. 


24. 


25. 


26. 


27. 


28 


. 


29. 


G.R.B. PHYSICAL CHEMISTRY FOR COMPETITIONS 


The number of elliptical orbits excluding circular orbits in the 
N-shell of an atom is: 


(a) 3 (b) 4 (c) 2 (d) 1 
{Hint: For, N-shell, 2 = 4. This shell will have one circular and 
three elliptical orbits.] 


From the electronic configuration of the given elements K, L, 
M and N, which one has the highest ionization potential? 


(a) M=[Ne] 3873p” (b) L=[Ne] 3s°3p* 
(c) K=[Ne] 3s73p" (d) N=[Ar] 3d '°, 4574 p® 
[Hint: L has half-filled p-subshell and it is smaller than N, 


hence, L will have the highest ionization potential.] 


Which of the following pairs of electrons is excluded from an 
atom? 


(a) n=2,1=0,m=0,s=+— and n=2,/=0,m=0,5=4— 


()n=2,1=1,m=+1s=45 


and n=2,1= m= —I,3= +> 


(c)n=1,1/=0,m= 0,s= +> and n=1,1=0,m=0,s=~> 


bo 


()n=3,1=2m=-2s=45 


and n = 3, = 0,m=0,s= +> 


[Hint: Both 2s electrons have same spin, hence excluded from 
the atom.] 
Given set of quantum numbers for a multielectron atom is: 

n loom s 

2 0 0 +1/2 

2 0 0 -1/2 


What is the next higher allowed set of ‘n’ and ‘?’ quantum 
numbers for this atom in the ground state? 


(a) n=2,/=0 (b) n=2,/=1 
(c) n=3,/=0 (d) n=3,/=1 
In how many elements does the last electron have the quantum 


numbers of n = 4 and /= 1? 

(a) 4 (b) 6 (c) 8 (d) 10 

[Hint: n=4,/=1 represent 4p-subshell containing six 
electrons. Thus, there will be six elements having 4p! to 4p° 
electronic configuration. ] 


If there are three possible values (—1/2, 0, + 1/2) for the spin 
quantum, then electronic configuration of K (19) will be: 


(a) Is*, 2s? 2p”, 3s°3p! (b) Is®, 2s?2p°, 3573 p®, 4s! 
(c) Is*, 2s*2p?, 35734 (d) none of these 


If the radius of first Bohr orbit of hydrogen atom is ‘x’ then de 
Broglie wavelength of electron in 3rd orbit is nearly: 
(a) 2nx (b) 6x (c) x (d) = 
(Hint:  r, =n’r, 3 
= On = Ox 
h : 
mor=n—— 
on 


30. 


31. 


32. 


33. 


34, 


A= 6nx] 
How many times does light travel faster in vacuum than an 
electron in Bohr first orbit of hydrogen atom? 


(a) 13.7 times (b) 67 times (c) 137 times (d) 97 times 
[Hint: ue x 2.188 x 10° cm/sec 
n 


0, = : Xx 2.188 x 10° cm/sec 
3x10 
2.188 x 108 
Acompound of vanadium has a magnetic moment of 1.73 BM. 


Velocity of light _ 


et = 137 times] 
Velocity of electron 


. The electronic configuration of vanadium ion in the 


compound is: 


(a) [Ar] 3d? (b) [Ar]3d'4s° (c) [Ar] 3d °(d) [Ar] 3d 94st 


{Hint: Magnetic moment = 


173 = Jn(n + 2) 


V3 - yn(n +2) 


n=l 
Vo, > 3d 745" 
Vv 3+ ~» 3d 45° (has one unpaired electron)] 


The orbital angular momentum of an electron in p-orbital is: 
[PET (Kerala) 2006] 


(c) x (d) -— 


n(n + 2) BM 


{number of unpaired electrons) 


\ 


(a) zero 


by 
{b) i 
(e} Baila 

2V2n 


When a hydrogen atom emits a photon of energy 12.1 eV, the 
orbital angular momentum changes by: 
(a) 105 x 10 J sec (b) 211 x 1074 J sec 
(c) 3.16 x 10 J sec (d) 4.22x 10 J sec 
[Hint: Emission of photon of 12.1 eV corresponds to the 
transition from n = 3 ton =L : 
. Change in angular momentum 
= (my —m) 
My my on 
hoh 
=(3-I)—=—-— 
B3-) oa 


_ 6.626 x 10* 
314 
= 2.1110 J sec] 
The total energy of the electron of H-atom in the second 


quantum state is ~E,. The total energy of the He* atom in the 
third quantum state is: 


@-3la © -(2)20-(J2@-(Sa 


[Hint: Energy of electrons in 7 th state 
2 
= Ze x 13.6eV 
n 


35. 


36. 


37. 


38. 


39. 


ATOMIC STRUCTURE 


E,(H) == “ eV 
E, Het ) ve 4 ev 
ie or £,= bs E, 
E, 4 9 


For negative value of E,, E, will also be negative. ] 
What is the ratio of the Rydberg constant for helium to’ 
hydrogen atom? 


(a) 1/2 (b) 1/4 (c) 1/8 (d) 1/16 
; _Aa2m7 204 ‘ 
[Hint: R= ae 
ch 
Ry _ 22? _ 
Ry 1xP 
Ry _ 1 
Rye 8 
If the kinetic energy of-a particle is doubled, de. Broglie. 
wavelength becomes: 
(a) 2times (b) 4times (c) /2 times ‘(d) ats times 
V2 
[Hint A= , where, F = Kinetic energy of the particle 
2Em 
eel ae ren 
V2Em {2 x 2Em 
“1 = V3, Le, a,=— } 


Imagine an atom made up of a proton and a hypothetical 
particle of double the mass of the electron but having the same. 
charge as the electron. Apply the Bohr’s atomic model and 
consider all possible transitions of this hypothetical particle to 
the first excited level. The largest wavelength photon that will 
be emitted has wavelength A (given in terms of the Rydberg 
constant R for the hydrogen atom) equal to: 


9 , 36 18 4 
a) — — c) — d) — 
arn OS Oe es 
[Hint: Energy is related to mass: 
E, om 


The longest wavelength A,,, photon will ia oa to the 
transition of particle from n = =3ton= 2 


1 1 1 
=2R|—_~-— 
Nl & 7) 


What is ratio of time periods Gi /T,) in second orbit of 
hydrogen atom to third orbit of He* ion? 


8 32 27 
(a) 7 (b) oF (c) 39 


27 
(d) = 


3 

, n 

[Hint: T x ge 

T,_mxZz_ 2x2? _ 32 

T, Zjxn x3 27 

The de Broglie wavelength of an electron accelerated by an 
electric field of V volt is given by : 


40. 


41. 


42. 
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nee 1.23m_,. 1.23 


(c) = nm 
vm wh OW 
An excited electron of H-atoms emits of photon of wavelength 


A and returns in the ground state, the principal quantum 
number of excited state is given by : 


(a) VAR (AR - 1) ( DREAD 


ae 1) 
1 (QR =1) =1) 


——$ d 
©) YAR (AR —1) OV oR 
‘ 1 1 1. 
[Hint : i -r| 4 4] -*|1-5| 
mae “el 


A dye absorbs a ae of wavelength 4, and re-emits the same 
energy into two photons of wavelength 4, and A, respectively. 
The wavelength A is related to A, and A, as : ; 


1.23 


(b) A= (a= 


AA A, +A 

a) A = ——_1*2 _ b) A =! 2 

@r- a= 
242 
(a= Aes i 
40g eS 


The radii of maximum probability for 3s, 3p and 3d-electrons 
are in the order : 
(8) (max ) 35 > Cmax) 3p > Cmax )3a 
(b) (max ) 35 = (max ) ap = (ax sa 
(©) (fmax) 34 > Cmax) 3p > (max )3s 


(4) Cnax) 3a > Cmax) 35 > Cmax 3p 


Following questions may have more than one correct options: 
1. 


Select the correct relations on the basis of Bohr theory: 


(a) velocity of electron o< s (b) frequency of revolution o< = 
, A 


(c) radius of orbit  n?Z (d) force on electron c< = 
‘ n 


. To which of the following species, the Bohr theory is not 


applicable? 

(a) He (b) Li?* (c) He?* (d) H-atom 
The magnitude of spin angular momentum of an electron is 
given by: 


@s=fermt wsesh 


2m 
Cee ee id) Sate 
2 20 ae 2 20 


[Hint: Spin angular momentum = ,/s(s + 1) aa 


20 


xe] 
2\2 an 2 Om 


. Select the correct configurations among the following: 


(a) Cr (Z = 24):[Ar] 3d °, 4s! 

(b) Cu (Z = 29): [Ar] 3d "°, 45! 
(c) Pd (Z = 46):[Kr] 4d '°, 5s° 
(d) Pt (Z = 78):[Xe] 4d ' 45? 
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5. 


6. 


(iii) 
(iv) 


10. 


G.R.B. PHYSICAL CHEMISTRY FOR COMPETITIONS | 


Which among the following statements is/are correct? 
(a) y? represents the atomic orbitals 

(b) The number of peaks in radial distribution is (n — J) 
" (c) Radial probability density Pai (= 4nr’R? 7(r) 


(d) Anode is a point in space where the wave function (py yhas © 


zero amplitude 
Select the correct statement(s) among the following: 
(i) Total number of orbitals in a shell with principal quantum 
number ‘n’ is 2” 
Total number of subshells in the z th energy level is n 
The maximum number of electrons in a subshell is given 
by the expression (4/ + 2) 
m=1+2, where / and m are azimuthal and magnetic 
‘quantum numbers . 
(a) (i), (iii) and (iv) are correct 
(b) (i), ii) and (iii) are correct 
(c) (ii), (iii) and (iv) are correct 
(d) (i), (ii) and (iv) are correct 
Which among the following are correct about angular 
momentum of electron? 


(a) 2h (by 1.54 
; Tt 


(ii) 


(252 dose 
Tt 


. Which of the following is/are incorrect for Humphrey lines of 


hydrogen spectrum? © 

(a) ny = 79m, =2 (b) n, = 104 n, = 6 

(Cc) m =S59 7, =1 (d) ny =llan, =3 

In the Bohr’s model of the atom: 

(a) the radius of n th orbit is proportional to nv 

(b) the total energy of the electron in the z th orbit is inversely 
proportional to ‘7’ 

(c) the angular momentum of the electron i is integral multiple 
of h/2n 

(d) the magnitude of potential energy of an electron in an orbit 
is greater than kinetic energy 

Which among the following series is obtained in both 

absorption and emission spectrums? 

(a) Lyman series (b) Balmer series 

(c) Paschen series (d) Brackett series © 


11. 


12. 


13. 


14. 


‘15. 


16. 
_ (a) 16 orbitals 


17. 


18. 


19, 


20. 


21. 


The maximum kinetic energy of photoelectrons is directly 
proportional to . . . of the incident radiation. The missing word 
can be: ; 
(a) intensity (b) wavelength 

(c) wave number (d) frequency 
Rutherford’s experiment established that: 

(a) -inside the atom there is a heavy positive centre 
(b) nucleus contains protons and neutrons 
(c) most of the space in an atom is empty 
(d) size of nucleus is very small 

Which of the following orbital(s) lie in the xp-plane? 
@d2 2 Od, Ode (@) d,. 


In which of the following sets of orbitals, electrons have equal 


ae 


orbital angular momentum? 


(a) lsand 2s (b) 2s and 2p (c). 2p and 3p(d) 3p and 3d 
Which of the following orbitals have no spherical nodes? 

(a) 1s () 25° © 2p. @) 3p 

For a shell of principal quantum number n = 4, there aré: 
(b) 4 subshells 

(c) 32 electrons (maximum) (d) 4 electrons with / = 3 

The isotopes contain the same number of: 

(a) neutrons (b) protons 

(c) protons + neutrons (d) electrons 

Which of the following species has less number of protons 
than the number of neutrons? 

@ SC  — ®) SF @ TiNa_ @) 2 Mg 

The angular part of the wave function depends on.the quantum. 
numbers are: 

(a) n (b) / (c) m (d) s” 

Which of the following species are expected to have sais 
Similar to hydrogen? 


(a) He* (b) He2* ~~) Li?* (d) Lit 


Which of the following Statements nate correct regarding a 

hydrogen atom? 

(a) Kinetic energy of the electron is maximum in the first orbit 

(b) Potential energy of the electron is maximum in the first orbit 

(c) Radius of the second orbit is four times the radius of the 
first orbit on 

(d) Various energy. levels are equally spaced 


° Single correct soption 


1. (c) 2. (d) 3. (c) 
9, (b) 10. (c) 11. (b) 12. (c) 
17. (d) 18. (b) 19. (b) 20. (a) 
25. (a) © ~—-.26. (b) 27, (b) 28. (a) 
33.06) 34 © 35. (c) 36. (d) 
41. (c) 42. (a) ; - 

@ One or more than one correct options 
1. (a,b, d) 2. (a,c) 3. (a,c) "4. (a,b,c) 
9, (a, c, d) 10. (a) . 1. (c,d) 12. (a,c, d) 
17. (b, d) 18. (b,c) 19. (&, c) + 20. (a,c) 


4, (b) 


7. (a) 


5. (a) 6. (d) _ 8. @) 
13. (a) 14, (a) 15, (b) 16. (c) 
Uw©  —- 22. @) 23. (a) 24. (b) 
29. (b) 30. (0) 31. (b) 32. (b) 
37. (c) 38. (b) 39. (c) 40. (b) 
5. (a,b,c,d) 6 (b) 7. (a,b, d) 8. (a,c, d) 
13. (a, b) 14. (a,c) 15. (a,c) 16. (a, b,c) 


21. (a,c) 


This section contains 10 questions. The answer to each 
of the questions is a single digit integer, ranging from 
0 to 9. If the correct answers to question numbers X, Y, 
Z and W (say) are 6, 0, 9 and 2 respectively, then the 
correct darkening of bubbles will look like the figure : 


- 


ATomic STRUCTURE 


_ Integer Answer TYPE QUESTIONS 


Oy 
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For Li?*, when an electron falls from a higher orbit to nth 
orbit, all the three types of lines, i¢., Lyman, Balmer and 
Paschen was found in the spectrum. Here, the value of ‘n’ will 
be: 


. The emission lines of hydrogen contains ten lines. The highest 


orbit in which the electron is expected to be found is : 


{Hint : Number of lines = we =10 


vs n=5] 

Total number of nodes present in 4d orbitals will be : 

Spin multiplicity of nitrogen in ground state will be: — 
Orbital frequency of electron in nth orbit of hydrogen is twice 
that of 2nd orbit. The value of » is : 


If kinetic energy of an electron is reduce by (1/9) then how 


many times its de Broglie wavelength will increase. 

If electrons in hydrogen sample return from 7th shell to 4th 
shell then how many maximum number of lines tan be 
observed in the spectrum of hydrogen. 

An electron in Li** ion is in excited state (,) . The 
wavelength corresponding to a transition to second orbit is 


2. (5) 
40. (5) 


3. G3) 4. (4) 


10. 


8. Gd) 


143 


48.24 nm. From the same orbit, wavelength corresponding to a 
transition to third orbit is 142.46 nm. The value of , is: 

The energy corresponding to one of the lines in the Paschen 
series for H-atom is 18.16 10°° J. Find the quantum numbers 
for the transition which produce this line. 


[Hint : se=218x10"| 4 5| 


nm 2 
18,16x 1077 = 2. Iex10"| | 
9 


On solving, n= 6 j 
The angular momentum of electron in the shell in which the 


- g-subshell first appears is x x = The value of x will be : 
mt : 


{Hint ; / = 4 for g-subshell 


Thus, the subsheil will first appear in (n = 1+ 1= 5) 5th shell .. . -. 


Angular momentum (mur) = ne 
7 


a5 
20 


n=5] 


6. (3) 7. (6) 8. 6) 


ua | 


G.R.B. PHYSICAL CHEMISTRY FOR COMPETITIONS 


Gy Ze LINKED ComPREHENSION Tyre Questions e= 4 


_@ Passage 1 


The observed wavelengths in the line spectrum of hydrogen atom 
were first expressed in terms of a series by Johann Jakob Balmer, a 
Swiss teacher. 

Balmer 3 empirical formula is: 

1 i oi 
—=R, |—>—-— jn =3,4,5,... 
es E n? | 
R, = 109678 cm" is the Rydberg constant. 


Niels Bohr derived this expression theoretically in 1913. The 
formula is generalised to any one electron atom/ion. 
Answer the following questions: 
1. Calculate the longest wavelength in A (1 A = 107'° m) in the 
Balmer series of singly ionized helium He*. Select the correct 
“atiswer. Ignore the nuclear niotion in your calculation. 


(a) 2651 A (b) 1641.1A 
(c) 6569 A (d) 3249A 
; 1 f-. 4 
{Hint: is = RyZ? E - 2 
= 109678 x 4 B 
36 


duet =1641.1A] 


2. How many lines in the spectrum will be observed when 
electrons return from 7th shell to 2nd shell? 
(a) 13 (b) 14 (c) 15 
{Hint: Number of lines in the spectrum 
_ Ge =m)m—m +3) 
2 
_ (7-27-24) _ 
2 


(d) 16 


15 


2-—— 


3. The wavelength of first line of Balmer spectrum of hydrogen 


will be: ; 
(a) 4340A (b) 4101 A (c) 6569A = (d) 4861 A 

: 1 1 
{Hint: ry = Ry z = _ 


for first line n = 3, 


1 1 i 
— = 109678| — -— 
a. E | 


A= 6569A] 
4. In which region of electromagnetic spectrum does the Balmer 
series lie? 
(a) UV (b) Visible 
- (c) Infrared (d) Far infrared 


0 Eel 

— ll Ie 

— : 5 15 lines in the spectrum.] 

Fon 4 

aie 3 : 
2 


5. Which of the following is not correctly matched? 
(a) H,— 6569 A (Red) (b) H, — 4861 A (Blue) 
(c) H,— 4340 A (Orange) (d) H; — 4101 A (Violet) 


e Passage 2 


A formula analogous to the Rydberg formula applies to the series 
of spectral lines which arise from transitions from higher energy 
level to the lower energy level of hydrogen atom. 

A muonic hydrogen atom is like a hydrogen atom in which the 
electron is replaced by a heavier particle, the ‘muon’. The mass of 
the muon is about 207 times the mass of an electron, while the charge 
remains same as that of the electron. Rydberg formula for hydrogen 
atom is: 


1 1 1 -| 
—=Ry.| >= -—y |(Ry = 109678 cm”: ve eo 
x H n? ne | ( H ) 
Answer the following questions: ; 
1. Radius of first Bohr orbit of muonic hydrogen atom is: 
(@) 0.259 a (b) 0.529 A 
207 207 
(c) 0.529 x 207A (d) 0.259 x 207A 


2. Energy of first Bohr orbit of muonic hydrogen atom is: 


; 13.6 : 
a) ~ —eV b) -13.6 x 207eV 
(a) 307 (b) 
13.6 
(c) +—— eV (d) +13.6x 207 eV 
207 : 
3. lonization energy of muonic hydrogen atom is: 
(a) + ise eV (b) +13.6x 207eV 
207 
ieee (d) ~13.6 x 207 eV 
207 : 
_ 4, Angular momentum of ‘muon’ in muonic hydrogen atom may 
be given as: 
h h h h 
a) — — c) — d)-—— 
Oe OF OF @F 
5. Distance between first and third Bohr orbits of muonic 
hydrogen atom will be: 
(a) 9929 oA (by 0329 7A 
207. 207 
(c) 0529 x8A (d) 0529 A 
207 207 
e Passage 3 


Nuclei that have 2, 8, 20, 28, 50, 82 and 126 neutrons or protons 
are more abundant and more stable than other nuclei of similar mass. 
It is suggested that in the nuclear structure of the numbers 2, 8, 20,28, 
50, 82 and 126, which have become known as magic numbers, the 
nuclei possessing magic numbers are spherical and have zero 
quadruple moment and hence they are highly stable. Nuclear shells 
are filled when there are 2, 8, 20, 28, 50, 82 and 126 neutrons or - 
protons in a nucleus. In even-even nuclei all the neutrons and protons 
are paired and cancel out spin and orbital angular momenta. 


ATOMIC STRUCTURE 


Answer the followitig questions regarding the stability of 
nucleus: 
1. Which of the following element(s) is/are stable though having 
odd number of neutrons and protons? 


(a) SLi (b) SB (ce) 3He = @) IN 
2. Stable nuclei having number of neutrons less than number of 
prelate are: 
(a) jH (b) }He (c Np Gy 3G 
3. Doubly magic nucleus is . . 
(a) FP) BPD) WP (@) "Bi 


4. Which among the following has unstable nucleus? 
@5N © 5N © 3N  @ 0 


5. Which of the following has zero spin and angular momentum? . 


@pCa OTH ©O%C @iHCl 


e Passage 4 


The substances which contain species with unpaired electrons in 
their orbitals behave as paramagnetic substances. Such substances 
are weakly attracted by the magnetic field. The paramagnetism is 
expressed in terms of magnetic moment. The magnetic moment is 
related to the number of unpaired electrons according to the 
following relation: 

Magnetic moment, u = [n(n + 2) BM 
where, n = number of unpaired electrons. 
BM stands for Bohr magneton, a unit of magnetic moment. 


An? or JT 


Fy oe 
4nmc 


Answer the following questions: 
1, Which of the . following ions has the highest magnetic 


moment? 
(a) Fe* ‘(b) Mn2* (ce) Cr?* (d) v>* 
2. Which of Hig cone ions has magnetic moment equal to 
that of Ti ** 
(a) Cu* (b) Ni?* (c) Co?* (d) Fe 


3. An ion of a d-block element has magnetic moment 5.92 BM 
Select the ion among the following: 
(a) Zn7* (b) Sc?* (¢) Mn2* —(d) Cr** 
4. In which of these options do both constituents of the pair have 
the same magnetic moment? 
(a) Zn** and Cu* (b) Co** and Ni?* 
(c) Mn** and Co?* (d) Mg?* and Se* 
5. Which of the following ions are diamagnetic? 
(a) He** == (b) Se**_— (ce) Mg**_—” @) OF 


@ Passage 5 


At the suggestion of Ernest Rutherford, Hans Geiger and Ernest 
Marsden bombarded a thin gold foil by a.-particles from a polonium 
source. It was expected that o.-particies would’go right through the 
foil with hardly any deflection. Although, most of the alpha particles 
indeed were not deviated by much, a few were scattered through very 


large angles. Some were even scattered in the backward direction. © 


145 : 


The only way to explain the results, Rutherford found,. was to picture 
an atom.as being composed of a tiny nucleus in which its positive 
charge and nearly all its mass are concentrated. ‘Scattering of 


_ Q-particles is proportional to target thickness and is inversely  — 


i 8 : : 
proportional tothe fourth power of sin 3? where, 9 is scattering 


angle. Distance of closest approach may be calculated as: 


ZZne° 
Tnin * 
4negk 
where, K = kinetic energy of o.-particles. 
Answer the following questions: 
1. Rutherford’s a-particle scattering eeierinncet led to the 
_conclusion that: _ 
(a) mass and energy are related 
(b) mass and positive chater of an atom are concentrated in 
the nucleus 
(c) neutrons are present in the nucleus 3 
“(d) atoms are electrically neutral a wae oe 
2. From. the o-particle scattering experiment, Rutherford 
concluded that: 
(a) a&-particles can approach within a distance of the order of 
10°'* m of the nucleus 
(b) the radius of the nucleus is less than 107'* 
(c) scattering follows Coulomb’s law 
(d) the positively charged parts of the atom move with 
extremely high velocities 
3. Rutherford’s-scattering formula fails for very small scattering 
angles because: 
(a) the gold foil is very thin 
(b) the kinetic energy of a-particles is very high 
(c) the full nuclear charge of the target atom is partially 
‘ screened by its electron 
(d) there is strong repulsive force between the o-particles and 
"nucleus of the target 
4. Alpha particles that come closer to the nuclei: 
(a) are deflected more -  (b) are deflected less 
(c) make more collision (d) are slowed down more 
5. Which of the following quantities will be zero for alpha — 
particles at the point of closest approach to the gold atom, in 
Rutherford’s scattering of alpha particles? 
* (a) Acceleration (b) Kinetic energy 
(c) Potential energy (d) Electrical energy 


@ Passage 6 


The splitting of spectral lines by a magnetic field is called the 
Zeeman effect after the Dutch physicist Pieter Zeeman. The Zeeman 
effect is a vivid confirmation of space quantization. Magnetic 
quantum number ‘m’ was introduced during the study of Zeeman 
effect. ‘m” can have the (21+ 1) values (-1,0,+1). Magnetic 
quantum number represents the orientation of atomic orbitals in 
three-dimensional space. The normal Zeeman effect consists of the 
splitting of a spectral line of frequency Vy into three components, i.e. , 

e e 
vy a ae rated agi Ne ear i 


Here, B is magnetic field. 


ae G.R.B. PHYSICAL CHEMISTRY FOR COMPETITIONS 


Banner the following questions: : 
1. Which of the following statements is incorrect with reference 
_ to the Zeeman effect? 
(a) Ina magnetic field, the energy ofa particular atomic state 
depends on the values of ‘m’ and ‘n 
' : (b) Zeeman effect is used to calculate the e/ m ratio for an 
electron 
(c) Individual spectral lines split into separate lines. The 
distance between them is independent of the magnitude of 
the magnetic field . 
 (d) The Zeeman effect involves splitting of a spectral line of 
frequency Vp into three components 
2. -A d-subshell in an atom in | the. presence and absence of 
"magnetic field is: 
{a) five-fold degenerate, non-degenerate 
(b) seven-fold degenerate, non-degenerate 
(c) five-fold degenerate, five-fold degenerate 
“(d) non-degenerate, five-fold degenerate 
5 Which among the : following is/are.-correct about the 
orientation of atomi¢ orbitals in space? 
(a) s-orbitals has single orientation ; 
_ (b) d-subshell orbitals have three orientations 
x, yand z directions , 
_(c) fF -subshell have seven orientations in their orbitals 
(a) None of the above © 
‘, Zeeman effect explains splitting of spectral ines i in: 
{a) magnetic field. (b) electric field 
2a). both (a) and (b) (d) none of these 
. In presence of magnetic field, d-suborbit is: 
(a) five-fold degenerate {b) three-fold degenerate 
(c) seven-fold degenerate (d) non-degenerate 


along 


Passage 7 
Spin angular momentum of an electron has no analogue in 
classical mechanics. However. it turns out that the treatment of spin 


angular momentum is closely analogous to the treatment of orbital 
angular momentum. — 


Spin angular momentum = «J s(s + 1 h 
Orbital angular momentum =fi(l+1) h 
Total spin of an atom or ion is a multiple of ; _ Spin multiplicity is 
a factor to confirm the electronic configuration of an atom oP ion. 
Spin multiplicity = (2Es+1) 
' Answer the following questions , 


Pa — spin of Mn2* (ae 25)ion ha be: | 


yh 
@ = ) 5 =“ ©? (d) 5 = 
2, sich of the ssi ohtg tad contigs have four 
spin multiplicity? . 
@ititit}! “oLr{t ls} 


olt{itlt] olriiit 


3. Which of the following quantum numbers is not derived from 
Schrédinger wave equation? 
(a) Principal . (b) Azimuthal 
(c) Magnetic (d) Spin 
4. In any subshell, the maximum number of electrons having 
same value of spin quantum number is: 


(a) J+) )I+2 © Wt) = @) 4142 


. The orbital angular momentum for a 2 p-electron is: 


(a) V3h (b) J6h (a) V2 = 


un 


(c) zero 


e Passage 8 


Dual nature of matter was proposed by de Broglie in 1923, it was 
experimentally verified by Davisson and Germer by diffraction 
experiment. Wave character of matter has significance only for 
microscopic particles. de Broglie wavelength or wavelength of 
matter wave can be calculated using the following relation: 


ate 
mo 
where, ‘m’and v’ are the mass and velocity of the particle. 
de Broglie hypothesis suiggested that electron. waves were being 
diffracted by the target, much as X-rays are.di a a) planes of 
atoms in the crystals. 
Answer the following questions: 
L Planck’s constant has same dimension as that of: 
(a) work (b) energy 
(c) power (d) angular momentum 
2. Wave nature of electrons is shown by: 
(a) photoelectric effect (b) Compton effect 
(c) diffraction experiment (d) Stark effect 


3. de Broglie equation is obtained by combination of which of 
the following theories? 


(a) Planck’s quantum theory 
’ (b) Einstein’s theory of mass-energy equivalence 
(c) Theory of interference 
(d) Theory of diffraction — 
4. Which among the following is not used to calculate the de 
Broglie wavelength? 


-@ass (0) A= 
iG tessa * > eas 
V2Em y2qvm 


5. The wavelength of matter waves associated with a body of 
mass 1000 g moving with a velocity of 100 m/sec is:” 
(a) 6.62 x 10? cm (b) 6.62 x 107° cm 
(©) 6626 x 107% m (d) 3.31 10? m 
6.. An’ electron microscope is used to probe the atomic . 
arrangements to a resolution of 5 A. What should be the electric 
potential to which the electrons need to be accelerated ? 
(VITEEE 2008) 
(a) 2.5V 
(c) 2.5 kV 


(b) 6V 
(d) 5kV 


‘ATOMIC STRUCTURE 


e Passage 9 

Orbital is the region in an atom ‘ita the probability of fi nding’ 
the electron is maximum. It represents three-dimensional motion of 
an electron around the nucleus. Orbitals do.not specify a definite 


path according to the uncertainty principle. An orbital is described . 


with the help of wave function y. Whenever an electron is described 
by a wave function, we say that an electron occupies that orbital. 
Since, many wave functions are possible for an electron, there are 
many atomic orbitals in an atom. Orbitals have different shapes; 
except s-orbitals, all other orbitals have directional character. 
' Number of spherical nodes in an orbital is equal to (n~ 1-1). 


_ Orbital angular momentum of an electron is 1+ Dh. 
_ Answer the following questions: 


1. Which of, the following orbitals is not cylindrically 


symmetrical about z-axis? 
(3d,  — (b)4p, 6 
2. The nodes present in 5p-orbital are: 
(a) one planar, five spherical (b) one planar, nae spherical 
~ (c) one planar, three-spherical (d) four spherical ~ 
‘3. When an atom is placed in a magnetic field, the possible 
number of orientations for an. orbital of azimuthal quantum 


(d) 3d, 


number 3 is: 
(a) three ‘(b) one. (c) five @se seven 
4. Orbital angular momentum of f-electrons is: 
(a) /2h (b)V¥3h = (c)V12A— (dd) 2A 
5. Which of the following orbitals has/have two nodal planes? 
(a) d,, (b) d,. ()d sg ‘(d) All of these 


_@ Passage 10 


The hydrogen-like species Li** is ina spherically symmetric state . - 
S, with one radial node. Upon absorbing light the ion undergoes | 
transition to a state S>. The state S, has one radial node and its . 
energy is equal to the ground state energy of the aces atom. 


(IT 2010) 
Answer the followiing questions: 
1. The state S, is: 
(a) ls (b) 2s (©) 2p (d) 3s, 


[Hint: 2s is symmetrical having one radial node. ] 


a Energy of the state S, in units of the hydrogen atom neue 
state energy is: 


(a) 0.75 (b) 1.50 (c) 2: 25 @ 4, 50 
(Qs) 77X13. 6 
_ (Hint: sta ele ae 225], 
Ey ~36 | 
3. The orbital angular momentum quantum, number of the state 
Sy is: : 
(ayo (by 1 (2 - @)3 


{Hint: Orbital angular momentum quantum number of 3p 
subshell, i¢., 2 =1 ; 

s Transition Ss; ] 

2 : 3p 


L hewmen) =a a 


Passage 1. 1. (b) 2, (c) 3. (c) 4. (b) . ~ 8. (c) 

Passage 2. 1. (b) 2. (b) 3. (b) 4. (b) 5. (c) 

Passage 3. 1. (a, d) 2. (a,b) 3. (¢) 4. (c) 5. (a) 

Passage 4. 1. (b) _2. (a) . -3. (c) 4. (a,c) 5. (b,c, d) 

Passage 5. 1. (b) 2. (a, b,c) 3. (c,d) 4, (a) 5. (b) 

Passage6. = —1. (b) 2. (d) 3. (a,c) 4 @a) 5. (d) 

Passage 7. 1. (c) #2 a) 3. (d) es *© 5. (d) . 
Passage 8. 1. (d) 2. (c) 3. (a,b) 4 @ 5. (c) 6. (b) 
Passage 9.. ~ 1. (d) 2. (c) 3. (d) ~ 4. (c) 5. (d) 

Passage 10, 1. (6) 2. (c) oe ee ? 


147 


148 | 


aee AURCE CHEMISTRY FOR COMPETITIONS 


& SELF ASSESSMENT d 


ASSIGNMENT NO. a “ «& 2 
il. 


- SECTION- 


Straight Objective ‘Type Questions 


: (0) V2 and © — 
20 


mn 


(a) 1 (b) 2 {c}3 (d) 4 
. First line of Lyman series of hydrogen atom occurs at A= xA.. 
The corresponding line of He’ will occur at: 
(a) 4x (b) 3x (c) x/3 (d) x/4 
. Electronic transition in He* ion takes from me to n, shell such 
~ . that; 
2ny + 3n, = 18° oi) 
Qn, — 3n, = 6 (ti) 


This section contains 11 multiple choice questions. Each 
question. has 4 choices (a), (b), (c) and (d), out a which only 
“one is correct. 


. Which one of the following leads to third line of Balmer 


spectrum from red end (For hydrogen atom)? 
(ajJ2—»5 (b)5—>2 ()3-—92 ()4— 1 


. The orbital angular momentum and angular momentum (classical 


: oe for the ies of 4s-orbital are respectively, equal to: 


(b) zero and all 
B 


(ovine 2 (@) v2 — ser 


oA sample of aioaee atom is re ton= a state. In. the : 


spectrum of emitted radiation, the number of lines in the 
" ultraviolet and visible regions are respectively: 


. (a)3:2 (b) 2:3 (c) 1:3 (d) 3:1 


. Number of de Broglie waves made by a Bohr electron in an 


orbit of maximum magnetic quantum number + Zis: - 


then what will be the total number of photons emitted when: 


electrons transit to n, shell? 


(a) 21 (b) 15 (c) 20 (d) 10. 


. Which of the following sets of quantum numbers is not 
. possible for an electron ? [PET (Raj.) 2008] 
(ajn =1/=0,m =0,m,=- 1/2 an 
_(b)2 = 2,1l=1,m, =0,m, = -V/2 


(c)n =1,l=Lm =0,m,=+V/2 


Gn =2,1=1,m, =0,m, = +2 
. The average life of an excited state of hydrogen atom is of the 


_order of 10° sec. The number of revolutions made by. an* 


electron when it returns from n = 2to n = Lis: 


- (a) 2.28 x 10° (b) 22.8 x 10° (c) 8.23 x 10° (a) 2.82 108 


10. 


he wave number of a particular spectral line in the atomic 

"spectrum of a hydrogen like species increases 9/4 times when 

deuterium nucleus is introduced into its nucleus, then which of 

the following will be the initial hydrogen like species? 

(a) Li?* (b) Lit (c) He* (d) Be?* 

Energy of electron in the first Bohr orbit of H-atom is — 313.6 

kcal mol7'; then the energy in second Bohr orbit will be: 

(a) + 313.6 kcal mol”! - (b) — 78.4 kcal mol7! 


(c) — 34.84 kcal mol™! (d) — 12.5 kcal mol! 


Which phenomenon best vata the theory th that matter has a 


wave nature ? '(VITEEE 2008) 
(a) Electron momentum ) Electron diffraction: 
AO Pioiow momentum 


(d) Photon diffraction 


SECTION-II 


Multiple. Answers Type Objective Questions 
12. Which of the following is/are correct? 


13 


" (d) Difference in potential energy of two shells is equal to the 


> 


14. 


15, 


Assertion-Reason Type Questions 


(a) An electron in excited state cannot absorb a photon 

(b) Energy of electroris depends only on the principal 
quantum numbers 

(c) Energy of electrons depends only on the principal 
quantum number for hydrogen atom 


difference in kinetic energy of these shells 
Which of the following statements is/are correct? 
(a) Energy of 4s, 4p, 4d and 4f are same for hydrogen 
(b) Angular momentum of electron = /@ 
(c) For all values of ‘n’, the p-orbitals have the same shape 
(d),Orbital angular momentum = nh/2n 
Which of the following orbitals are associated with angular 
nodes? 
(a) f (b)d (c) p (d)s 
The correct statement(s) among the following is/are: 
(a) All d-orbitals except d_, have two angular nodes 
(b) d 2 oe d 2 ‘lie on the ae 
(c) The degeneracy of p-orbitals remains unaffected in the. 
presence of external magnetic field 


Ag): eotbitals have 3- fold degeneracy 


-SECTION-II_ 
re) 
This section contains 5 questions. Each question contains — 


Statement-1 (Assertion) and Statement-2 (Reason). Each 
question has following 4 choices (a), (b), (c) and (d), out of 


~ which only one is correct. 


16. 


17. 


{) Statement-1 is true; statement-2 is true; statement-2 is a 
correct explanation for statement-1. 
(b) Staternent-1 is true; statement-2 is true; statement- 2 is not 
a correct explanation for statement-1. 
(c} Statement-1 is true; statement-2 is false. 
(d) Statement-1 is false; statement-2 is true. 
Statement-1: Kinetic energy of photoelectrons increases with 
increase in the frequency of incident radiation. 
Because 
Statement-2: The number of photoelectrons ejected increases 
with increase in intensity of incident radiation. 
Statement-1: Photoelectric effect is easily pronounced by 
caesium metal. 
" Because 
Statement-2: Photoelectric effect is easily pronounced by the 
metals having high ionization energy. 
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18. Statement-1; Electrons in K-shell revolve in circular orbit. _ (c) Wavelength of matter wave ens . toe (x) nh : 
_ Because . é 7 
Statement-2: Principal quantum number ‘n’ is equal to 1 for (d) Quantised value(s) 2 (s) h ? . 
the electrons in K-shell. 23. Match the Column-I with Column-II: 
19. Statement-1; Orbit and orbital are synonymous. . Colnummcl Columin-II 
oS Because < 


(a) Etettrons cannotexist —(p) -de Broglie wave 


Statement-2: Orbit is the path around the nucleus in which ‘othe nddleus 


electron revolves. b) Mi i icl , @) Blk trom i 
20. Statement-1:) C, = 1s? 2s', 2p? is the — electronic Gy ee oso panacles qd) Elee omagne : 


epee : in motion are wave 
configuration in first excited state. 3 : 
associated with 


Because ; 
Statement-2: Maximum energy by an electron is ssoaseesed ai in (c) No medium iis equired (1) Uncertainty principle 
its ground state. for propagation 
be . (d) Concept of orbit was (s) Transverse wave 
SECTION-IV | _ replaced by orbital 
Matrix-Matching Type Questions 
This section contains 3 questions. Each question contains SECTION-V 


statements given in two columns which have to be matched. 
Statements (a, b, c and d) in Column-I have to be matched with 
statements (p, q, r ands) in Column-II. The answers to these 
questions have to be appropriately bubbled as illustrated in the 
following examples: 

If the correct matches are (a-p,s); (b-q,r); (c-p,q) and (d-s); 
then the correctly bubbled 4 x 4 matrix should be as follows: - 

p q r $ 


Linked Comprehension Type Questions : 
A chemist was performing an experiment to wid the effect of ~ 
varying voltage on the velocity and de Broglie wavelength of the 

electrons. In first experiment, the electron was accelerated 
through a potential difference of 1 kV and in second experiment, 
_ it was accelerated through a potential difference of 2 kV. 
The wavelength of de Broglie waves associated with electron 
is given by: : 


agave © | i. ae: 
aoe] Mp 
S ONE | | 2a | 
b (P) ra) e (s) Ot where, V is the voltage through hg an electron is 


2 accelerated. 
10A6 


Putting the values of 4, mand q we get: 


= ot to ; x = 12:3 ; 
TOOTS) a 
ee See eee Answer the following questions: e 
21. ‘Match the CohmmweckwithCohimal 24. The wavelength of electron will be: 
Colamwet-  < Column-lt (a) 1.4 times in first case than in second case 
(a) ‘Ag > (p) Circular orbit around nucleus (b) 1.4 times in second case than in first case 
(b) 4p (q) Non-direction orbitals (c) double in second case than in first case : 
. . ne. OR (d) double in first case than in second case z 
(c) Is (t) Angular momentum = a ' 25. In order to get half velocity of electrons in second case, the 
; ay applied potential will be: 
: (d) 3d (s) Number of radial node = 
22. Match the properties of Column-I with the. sail in ae oy land : (c) C2 EW A ad 
: Column-Il: . 26. The velocity of electron will be: 
Column-I Column-Il (2) same in both cases 


(b) 1.4 times in second experiment than in first experiment 
(c) double in second experiment than in first experiment 


(a) Angular momentum of electron _(p) fit) Es 
2m . : ; 
(q) lo (d) four times in the second case than in first case 


(b) Orbital angular momentum 


/ 


1. (b) 2b) 3. (a) : 4 (c) 5. (d) ~ 6. (d) 7. (c) — & ©) 
9, (d) 10. (b) 11. (b) - " 12. (a,c, d) 13. (a,b,c) «14. (a,b,c) “IS. (a,b,c). 16. (b) 
17. (©)... «18.-(b) 1d | 20. (c) 21. (a-p, q,r) (b-1) (c-p.q) (d-s) . 


22. (a-q,1) (bp) (c-s) (d-q;1) 23. (a-r) (b-p) (c-q,s) (d-t) 24, (a) 25. (a) '. 26. (b) 


wa 


3.1. . RADIOACTIVITY 
Radioactivity is a process in which nuclei of certain elements 
‘ undergo spontaneous yiperaion without excitation by 
any external means. 
All heavy elements from bismuth through uranium and a few 


cof lighter elements have naturally occurring isotopes which 


‘possess the property of radioactivity. These isotopes have 
‘unstable nuclei ‘and attain stability through the phenomenon of 
radioactivity. The activity results in the emission of a complex 
type of powerful radiations known as alpha, beta and gamma 
rays. All those substances which have the tendency to emit 
‘these radiations are termed radioactive materials. The 
_ property of disintegration of a radioactive material is independent 
_ of temperature, pressure and other external conditions. 
Radioactivity is a nuclear phenomenon, i.¢., the kind of 


'! intensity of the radiation emitted by any radioactive substance is 


-absolutely the same whether the element:is present as such or in 
__ aay one of its compounds. *6 Ra isotope is radioactive. When 
this isotope is dissolved in sulphuric acid, it is converted into 
radium sulphate (RaSO,). The property of radioactivity in radium 


sulphate’ and free radium isotope is the same, no doubt that the 


_ radium ion in radium sulphate has different number of electrons 
than free neutral radium isotope. 
Radium atom (Ra). Radium i ion (Ra”*) 


No. of protons — 88: . 88 
No. of electrons 88 - 86 | 
Atomic mass . 226 226 


This example clearly shows that the phenomenon of ” 
radioactivity does not depend on the orbital electrons but depends 
only on the composition of nucleus. 

In the universe, there are only 81 stable elements having one 
or more non-radioactive isotopes. No stable isotope exists for the 
elements above 743 Bi. Thus, bismuth is the heaviest stable 
nuclide. Two earlier elements technetium and promethium exist 
only as radioactive isotopes (see table at the bottom). 


3.2. CHARACTERISTICS OF RADIOACTIVE 
RADIATIONS 


The following are the main characteristics of radiations emitted 
by radioactive materials: 


(i) Photographic effect: Radiations affect the 


: photographic plate in a similar manner to that of light. The effect 


is even observed in dark. The portions of the photographic plate 
where radiations fall, become blackened after treatment with a 
developer. 

This property is used for the detection of radioactivity. 

(ii) Scintillations: When radiations fall on the zinc 
sulphide (ZnS) screen, flashes of light are produced. This. is 
known as scintillations. The number of particles emitted in unit 
time can be counted by noting the scintillations produced in the 
apparatus having a zinc sulphide screen. 

The apparatus is called spinthariscope. 

(iii) Emission of heat: Radioactive materials continuously 
emit energy in the form of kinetic energy. Heat energy is 


Shaded elements < are radioactive 
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produced when the radiation particles collide with matter. 
Radium produces 134.7 cals of heat per gram per hour. 

(iv) Physiological effect: Radioactive radiations have 
serious physiological effects, which may be cumulative over a 
period of time. Even a short exposure to intense source of 
radiations is sufficient to cause painful inflammation. Gamma 
rays are most effective. In general, abnormal cells are more 

affected than the healthy cells. On account of this property 
radiations are used to destroy cancerous tumours. 

(v) Tonisation of gases: This is the most important effect 
observed in the case of radioactive radiations. Radiations 
produce ionisation in the gases through which they are passed. 
This effect is used for quantitative measurement of 
radioactivity. The radiations cause a number of molecules of the 
gas to lose electrons and pass into positive ions. The electrons 
immediately become attached to the neutral molecules, thus 
making them negative ions. The totat ions of one sign are equal 
to the total ions of the other type. The rate of production of 
these ions is proportional to the intensity of radiation. The 
extent, to which a definite quantity of a gas is rendered a 
conductor by a radioactive substance, is a measure of the 
radioactive power of a radioactive substance. The apparatus used 
for this purpose is called electroscope (Fig. 3.1). 

Geiger-Muller counter is based on this effect. The ionisation 
chamber consists of 90% argon and 10% ethyl alcohol vapour at 
10 mm pressure. Due to ionisation, a flow of current occurs, 
which is measured after amplification. 


3.3 HISTORY OF THE DISCOVERY OF 
RADIOACTIVITY 


In 1895, Henri Becquerel was studying the effect of sunlight on 
various phosphorescent minerals, among them a uranium ore. 
During a period of several cloudy days, he left the uranium 
sample in a drawer along-with some photographic paper wrapped 
in black paper. Much to his surprise, he discovered that the 
photographic paper had been fogged by exposure to some 
invisible radiation Atom uranium. He called this mysterious 
property of the ore ‘radioactivity’. Radioactivity means 
ray-emitting activity. He further observed that the radioactive 
mineral emitted these mysterious radiations day after day and 
month after month and the emission seemed to be endless. The 
emission was completely unaffected by physical and chemical 


conditions. A year later, in 1896, Marie Curie found that besides _ 


uranium and its compounds, thorium was another element which 


possessed the property of radioactivity. In 1898, Marie Curie. 


and her husband P. Curie observed that the uranium ore 
‘pitchblende’, contained more activity than was expected from 


the uranium which it contained. It must be obviously due to the - 


presence of some other radioactive elements which were far more 
radioactive than uranium. Finally, they isolated two new 
radioactive elements polonium and radium. 


Almost in the same period, G. C. Schmidt reported that 


thorium compounds possessed radioactivity. In 1901, A. 
Debierne and F.S. Giesel discovered another. new radioactive 
element actinium in uranium minerals. 


Further. systematic: 
researches led to the discovery of many more radioactive 


elements. At present 6 over forty such materials are known’ to exist 
in nature. ' 


Electroscope . 
box 


lonisation 
chamber 


Radioactive 
material ° 


Fig. 3.1 Electroscope for measurement of radioactivity 


3.4 ANALYSIS OF RADIOACTIVE 
RADIATIONS 


In 1904, Rutherford and his co-workers observed that when — 
radioactive radiations were subjected to a magnetic field or a 
strong electric field, these were split into three types, as shown in 
Fig. 3.2. The rays which are attracted towards the negative plate 
are positively charged and are called alpha (a) rays. The rays 
which are deflected towards the positive plate are negatively 
charged and are called beta (8) rays. The third type of rays which 
are not deflected on any side but move straight are known as 
gamma (7) rays. The important properties of these radiations are 
bibulated on next page: ; 


field 


(a) 


Fig. 3.2 . (a) Deflection of radioactive rays in electric field 
and (b) Emission of radioactive rays and their 
deflection in a magnetic field. 


‘L. Nature 


2. Velocity 


3. Penetrating ; 


- . power 


small . positively 
charged particles 
‘which are merely 


atoms, each con- 
sisting of 2 pro- 
tons - and *2 
neutrons. These 
_ |are represented as 
3He. 

|The O-Tays are 
ejected with high 
velocities ranging 
from 14 x10” to 
L7x10° cm/sec. 


o-rays depends 


upon the-kind of 


- |nucleus from 


| emitted. 


a-particles have 
small penetrating 
. [power -due to 


size. They .ar 
stopped by a 
piece of alu- 


These consist of| These consist of|y-rays are simi- 


The velocity. of|" 


which they are). 


minium ‘foil of/ped by a1 cm 


G.R.B. PHYSICAL CHEMISTRY FOR COMPETITIONS 


‘yrays 


negatively char-|lar to -X-rays. 
ged _— particles) These are neu- 
which have thejtral’ in nature.. 


nuclei of helium same e/m value|They have very 


as the cathode} small wave- 
rays. Brays are/lengths of the 
merely __ elect-jorder of 10°'° to 
rons. The S-rays}10"" m 


orrays. 
have 
— veloci-| 

sometimes 
mene the 
velocity of light. 


B-rays are more) Due to high ve- 
penetrating locity. and 
than a-particles. non-material 


relatively largerjThis is due to character, y-Tays 
times © 


e|small size and are 10!° 
high’ " velocity.| more: penetrat- 
These are stop-| ing than o-rays.. 


0.1 mm_ thick-Ithick sheet of 
ness. — aluminium. 
; Cardboard Aluminium Lead 


“Fig, 3.2 (c) Comparison of penetrating power 
- of o, B and y-rays 


4. Ionising 
power 


o-particles pro- 

duce intense ion- 
' lisation in gases. 
Tonising power is 
100 times greater 
than f-rays and 
110,000 times 
greater than 
y-rays. This . is 
due to 


| high 
kinetic energy. | 


Due to low|y-rays produce 
value of kinetic|minimum —ion- 
energy ionising]isation or no 
power is lesslionisation. — 
than c-particles 

but 100 times 

greater than 

y-rays. 


y-rays have little 
effect on photo- 
-|plate is greater| graphic plate. 
than G-particles. 
Like cathode 
rays, B-rays pro- 
duce X-rays. 


6. Effect on 


B-particles have) y-rays have very 
zine sulphide | produce . little effect onjlittle effect on 
screen luminosity on ZnS} ZnS screen due! ZnS screen. 


screen due to highito low kinetic 
kinetic energy. 


energy. 

Note: ; 

(i) The quantum energy of: - rays emitted by a radioactive substance 
can have unique and discrete values. 


- (ii) The energy of 9 particles emitted by a radioactive substance 
(emitter) has unique value. 


(iii) The energy of B-particles emitted by a radioactive qobuaticn 
_ @-emitter) can have any value between zero and end point 
energy. ; 


3.5 CAUSE OF RADIOACTIVITY 


Except in the case of ordinary hydrogen, all other nuclei contain 
both neutrons and protons. A look at the stable nuclei shows that 
the ratio n/ p (neutrons/protons) in them is either equal to | or 
more than i. The ratio is ~ 1 in all the light-stable nuclei up to 
calcium Gs Ca) and thereafter the ratio is greater than 1 and 
increases up to 1.6 for Reavy stable nuclei as shown in the 
following table: 


Neutron-proton ratio in some stable nuclei 


“Isotope 2¢ MN 16o BNe Ca 47n MZr sn SNA . Hig 


on 6 7. 8 0 20° 34 50 70 90 122 
Pp 6 7 8 10 20 30 40 50 60 80 
ip OL RO Ab 4 95 140 150 1.53 


The variation of m versus p HOE some nuclei is shown in 
Fig. 3.3. 

The stable nuclei lie within the shaded area which i is called the 
region or zone of stability. All the nuclei falling outside this 
zone are invariably radioactive and unstable in nature. Nuclei 
that fall above the stability zone have an excess of neutrons 
while these lying below have more protons. Both of these cause 
instability. These nuclei attain stability by making adjustment in 
- the n/.pratio. 

Two cases thus arise: 

{i) n/p ratio is higher than required for stability. Such 
nuclei have a tendency to emit B-rays, i.e. , transforming a neutron 
into proton. 

p2——> | p+ le @-particle) 

Thus, in B-emission n/p ratio decreases. For example, in the 

change of '*C to '4N, n/p ratio decreases from 1.33 to 1. 
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eC “N+ : 


é 


Similarly, in the following a ae the n/p ratio decreases 


during B-emission: 
isxP > gS + je 
nlp ratio 1715 "16/16 
, Kr —3 Rb +_°e 
al pratio 51/36 | 50/37 


Unstable 
region 


140 Unstable region 
Stable 


4120 nuclei 


Number of Neutrons ———» 
3 


oN 
oO 


Dw] 
oO 


0 20 40 60 . 80 100 
Number of Protons ©. ———> 
Fig. 3.3 Varjation of number of neutrons with number of 
protons in‘stable non- -Tadioactive nuclei 
(ii) n/p ratio is lower than required for stability. Such 


nuclei can increase x/p ratio by. adopting any one of the 
following three ways: 


(a) By emission of an alpha . particle | (Natural 
radioactivity): 
7U —> %Th + 3He (-particle) 
al p ratio 146/92 = 1.58 144/90 = 1.60 
(b) By emission of a positron (Artificial emission): 


nn Bo + fe 
ni pratio 6/7 . 76 
(c) By K-electron capture: 
IBAut °e —» lpr 
nlpratio 115/79 . 116/78 


Alpha emission is usually observed in natural radioactive 


isotopes while emission of positron or K-electron capture is 


observed in artificial radioactive isotopes. The unstable nuclei 


continue to emit alpha or beta particles until a stable nucleus 


comes. into existence. 
Conclusion: (i) For the elements (mass number 4 < 40), 


nature prefers the number of protons and neutrons in the nucleus 
to be same or perhaps one more neutron than protons. 


Ty; 12 
e.2., 3 i, As 


80, 72S, etc. 
(ii) For the elements (mass number A > 40), 


. 153 


there is. 


preference for the number of neutrons. to be greater than the 


number of protons (1 > Z )}, e.g., 


';B is stable but 


'5C is not. 


There are two stable elements |} H and 3 He, in which number of 
neutrons is less than that of protons. _ 
(iii) Beyond Bi (Z= 83% all isotopes are unstable and 
radioactive. Thesé elements do not have a strong nuclear 
“superglue” to Hold nucleons together. 


Illustration ; 


Nuclide 


B-emission 


Nature of Emission 


1S— 17Cl+ te 


Positron emission 


UF—',0+ ye 


Lies below stability belt, it has a Tene 


nucleus and it decays yy K-electron 


capture. 


It is a neutron rich species. It undergoes 


decay by o-emission. 


238 
UU —> *ogTh + 3He 


| Sag % > 105pq +hv 


_ Some other examples : SCu (positron Sensei): tt $4. Xe (a. 


or B-decay), 7 


capture). 


3.6 THEORY OF RADIOACT i 


DISINTEG RATION 


Rutherford and Soddy, in 1903, postulated that radioactivity i isa 
nuclear phenomenon and all the radioactive changes are taking 
place in the nucleus of the atom. They presented an interpretation ~ 
“ef the radioactive processes and the origin of radiations in the 
form of a theory known as theory of radioactive Sisimtegreton: 
The main points of the theory are: 
(i) The atomic nuclei of the radioactive sicnants are unstable 
and liable to disintegrate any moment. 


(ii) The disintegration is spontaneous, 


Ns (a-decay), iP Se? ee 31 (K-electron 


constantly 


breaking. The rate of breaking is not affected by external factors 


like temperature, pressure, chemical combination, etc. 


(iii) During disintegration, atoms of new elements called 
daughter elements having different physical and chemical 


properties than the parent element comé into existence. 


(iv) During disintegration, either alpha or beta Rarsicles are 


emitted from the nucleus. 


The disintegration process may ee in one of the 


following two ways: 
(a) a-particle emission: 


When an a-particle [He] is 


emitted from the nucleus of an atom of the parent element, the 


TES ESE ae 
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nucleus of the new element, called daughter element: possesses 

atomic mass or atomic mass number less by four units and 

nuclear charge or atomic number less by 2 units because 
o.-particle has mass of 4 units and nuclear charge of two units. 


The daughter element after c-emission is called ‘an 


isodiaphere of parent element. 
Parent element os Daughter element 
Atomic mass. W _Ww-4 
Atomic number — Zz Z~2 


For example, in the following transformations, each o-particle. 


-emission is accompanied by decrease of atomic mass by 4 and of 
_ atomic number by 2. ~ 


776 Ra — 22 Ry + tHe. 
setae) Radon) 
SU —» ‘Th + 3He 
(Uranium) fleciem) a 
pi —>» Tl + He 
> (Bismuth) : (Thallium) : 
cert BSpg —» Pb + 3He 
ee (Polonium) an 


(b) B-particle emission: -particle is merely an electron 


which has negligible mass. Whenever a beta particle is emitted 


from the nucleus of a radioactive atom, the nucleus of the new 
element formed possesses the same atomic mass but nuclear 
charge or atomic number is increased by 1 unit over the parent 
element. Beta particle emission is due to the result of decay of 
neutron into proton and electron. 
fy ae pa SE 

The electron produced escapes as a beta patil leaving 

’ proton in the nucleus. Ps 
Parent element ——> Daughter element. 

Atomic mass W i Ww 
Atomic number Z Z+1 

For example, in the following transformations, beta particle 


- emission results in increase of atomic number by one without any — 


change in atomic mass, i.e., daughter element is an isobar of 
parent element. (See table 3.1) 


Table 3.1 Isotepes, Isobars, Isotones, Isomers, Isoters 
_ and: Isodiapheres 


Characteristics < 
Z = at. no., A = mass no., 
latesessbersisiia sheer 


Examples : 


Isotopes _ Z = same, A = different GH ea eu 
_Isobars  — Z = different, A = same B Ras “Ac. gor 
Isotones N = same, nucleons =. 3° Ar, ee 
different, Z = different 
Isomers N =same, P = same, U-X,, U-Z 


Z = same, A = same 
Nuclear energy levels = 
different . 


Isoters No. of atoms = same, CO,,N,0 
; | No. of electrons = same, ; 
physical properties = same. 
Isodiapheres | Isotopic excess mass (W—P) Pear Ch eae 


.= Same. 


4pp —» 4B + °¢ 


ae ean ; 
Th —» BP, 4 % 
Saas (Proteatinium) 

ae 3 Bi e a 2 Po + ve : 
(Bisnuth) : alone) 


Special case: If in a radioactive transformation, | alpha and. 


_2 beta particles are emitted, the resulting nucleus possesses the 


same atomic number but atomic mass is less by 4 units. A 
radioactive transformation of this ‘ype always produces an 
isotope of the parent element. —. 


-p -B 
ip be “4pm “ic —" “30 


A and D are isotopes. 

(v) Gamma rays are emitted due to secondary effects: After 
the emission of an alpha particle or a beta particle, the nucleus is 
left behind in excited state due to recoil. The excess of energy is 
released in the form of gamma rays. Thus, y-rays arise from 
energy rearrangements in the nucleus. As y-rays are short 
wavelength electromagnetic radiations with no charge and no | 
mass, their emission from a radioactive element does not 
produce a new element. 

On passing through an absorbing material, the intensity of 

y-tadiation decreases exponentially with the thickness traversed 
and is given by : 

[=] of He 
where p = Absorption coefficient, 
x = Thickness 
I = Initial intensity 
_ J = Transmitted intensity 

_ All radioactive nuclei have the same probability of 
disintegration. However, a radioactive nucleus may undergo 
decay next moment while some other may have to wait for 
billions of years to decay one cannot predict, when a particular 
atom will decay. 


(vi) Internal conversion: An excited nucleus, in some 


' cases, may return to its ground state by giving up its excitation 


energy to one of the orbital electrons around it. The emitted 

electron has a kinetic energy equal to the lost nuclear excitation 

energy minus the binding energy of the electron in the atom. 
Kinetic energy of the ejected electron 


= Available excitation energy 
~ Binding energy of the ejected eiectdn 
This process is called internal conversion and emitted electron 


is called conversion electron. 


(vii) Brems strahlung (German word meaning ‘Breaking 
Radiation’): Continuous y-radiations emitted when B-particles 
are slowed down by interaction with atomic nucleus. 
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Note: Counting of the number of o and B-particles in a radioactive 
transformation: 


Parent element ——> Daughter element 
M 


ZA! ., Carl Ze ey, 
Number of o-particles = Ganset rai sa 
ey 
4 


Let ‘x’ a. and ‘y’ B-particles be emitted. 


Atomic number of parent element ~ 2x + y 
= Atomic number of daughter element 


Z,7-2x+ y=2, 


3.7 GROUP DISPLACEMENT LAW 


This law was presented by Fajan, Soddy and Russel in 1913 to 
explain the changes which occur when an alpha particle or a beta 
particle is emitted from a radioactive element. According to this 
law, “when an c-particle is emitted, the daughter element has 
atomic number 2 units less than that of the parent element. It 
is consequently displaced two places (groups) to the left in the 
periodic table. When a B-particle is emitted, the daughter 
element has an atomic number 1 unit higher than that of the 


parent element. It is consequently displaced one foes (group) 


to the right in the periodic table.” 


Examples 
G) Polonium (734 Po) belongs to group 16 (VIA) of the 


periodic table. On losing an alpha particle, it is transformed into 
lead (739 Pb) which belongs to group 14 (IVA), i.e.,two places to 
the left of the parent element, polonium. 


Po —> “UPb 
16 
(VIA) 
Gi) Bismuth 33 Bi)belongs to group 15 (VA) of the periodic 


table. It emits an alpha particle resulting in the: formation of 
thallium which belongs to group 13 (IIIA), i.e., two places to the 
left of the parent element, bismuth. 


73Bi —> “ATi 
15 13 
(VA) (IIT A) 


(iii) Carbon ('¢C) belongs to group 14 (IV A) and emits a 
B-particle forming nitrogen ('}N) which belongs to group 15 
(V A), i.e., one place to the right of the parent element. 

MN + Se 
(VA) 

(iv) Phosphorus (2 2p) belongs to group 15 (VA) and emits. a 
B-particle forming sulphur Cc 8) which belongs to group 16 
(VIA), i.e., one place right to the parent element. 

% 25 + BY é 
(VIA) 


gc o> 
“IV A) 


ce = 


The above examples follow group. displacement law rigidly in . 
accordance with the statement. However, there are a number of 
examples where confusion arises regarding the position of the 
element in the periodic table if the above statement is followed ~ 
rigidly. 

. Mg is B-radioactive. It belongs to group 2 (IIA) of the 
periodic table. On losing a beta particle, it is transformed to 
aluminium (7j Al) which belongs to group 13 (IIIA), ie, 11 
places right to the parent element. 


Mg — 7 tA +8 1@ ‘ 


. Th is a member of actinide series. All the fourteen 


members of the actinide series have been placed along with 
actinium in the III B group, i.e., group 3. It emits a beta particle 
and is transformed to protactinium tet Pa) which also belongs to 


actinide series, i.e., group 3 of os per table. . 


739 Th ——» Pa + ae 


Hence, group displacement law should be applied with great 
care especially in the case of elements of lanthanide series (57 to 
71), actinide series (89 to 103), VIII group (26 to 28; 44 to 46; 76 © 
to 78), IA and ITA groups. It is always beneficial to keep in mind 


the setup and skeleton of the extended form of periodic table. 


| 


Seon eee aoe 
23388 


’ Example 1. Calculate the number of neutrons in the 
remaining atom. after emission of an alpha particle from os U 
atom. ; . 

Solution: On account of emission of an alpha particle, the 


atomic mass is decreased by 4 units and atomic number by 2 
units. 


So, * Atomic mass of daughter element = 234 
Atomic number.of daughter element = 90 
Number of neutrons 


@eero-- 
OGeaes- 


= atomic mass —- atomic number 
= 234 -90= 144 
Example 2. Radioactive disintegration of "25Ra takes 


place in the following manner into RaC, 
~a —o -% -6 
Ra —— Rn —— Rad ——> RaB ——> RaC 


Determine mass number and atomic number of RaC. 
Solution: Parent element is Ra. 
‘Atomic mass = 226 
Atomic number = = 88 


RaC is formed after the emission of 3 alpha particles. Mass of 
3 alpha particles = 3 x 4 = 12 


So, Atomic mass of RaC = (226 ~ 12) =214 
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With emission of one c-particle, atomic number is decreased 


by 2 and with the emission of one Pepatncle: atomic number is 
increased by I. 


So, | Atomic number cane = 88— (3x 2)+1= 83 


Example 3. A radioactive element A disintegrates in the 
following 1 manner, 
~a -B -B 
“A— > B—C—D 

which ones of the elements A, B, Cand D are isotopes and 
which ones are isobars? 

Solution: 
element A be M and Z, respectively. The is changes pall 
occur during kits 

-B - 
M M-4p M4 M4 
A and D are isotopes as both have same value of Z. 


B,C and D are isobars as these have same values of atdniie 
mass. 


Example 4. sy o Th disintegrates to give >Pb as the final 
product. How many he and beta particles are emicd in this” 
process? 

Solution: ak 296 5 Pb 
ele s eae es 


Decrease in mass = (234 — 206) = 28 
Mass of ot-particle = 4 


8 é 


So, Number of o-particles emitted = = =7 


No. of B-paticles emitted = 2x No. of o-particles-{At. No. 
of parent — At. No. of end product) 
=2x 7-(90-82)=6 
-Example5. The atomic mass of thorium is 232 and its 
atomic number is 90. During the course of its radioactive 
disintegration 60 and 4B-particles are emitted. What is the 
atomic mass and atomic number of the final atom? 


Solution: Decrease in mass due to emission of 60-particles 
=6x4=24. 
So, Atomic mass of the product atom = (232- 24) = 208 


No. of B-particles emitted = 2 x No. of a-particles 


ny (Zhorium - Z¥inal atom ) 
4=2x6- (90 — Zeinal atom ) 

or". ZFinal.atom = 82 

Example 6. An atom has atomic mass 232 and atomic 
number 90. During the course of disintegration, it emits 
_ 2B-particles and few o-particles. The resultant atom has atomic 
mass 2\2 and atomic number 82. How many o. -particles are 
emitted during this process? 

Solution: The decrease i in atomic 1 mass 

; C = (232 — 212) = 20 

Decrease in-thass occurs due to emission of a-particles. Let» x 
ne the number of alpha particles emitted, 


Mass of ‘x’ ot-particles = 4x 


Let the mass number and ‘atomic number of 


emitted when o,Th?™ 
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So, if: 4x =20 
20 


or x=—=5 


Alternative method: This can also be determined by the 
application of the following equation: 


No. of 2 seca emitted = 2x No. of o.-particles emitted 
~(Zparent ~ 
2=2xx~- (90-82) 
or zo x5 
Example 7. How many moles of helium are produced 
when one mole of $,U disintegrates into 7% go Pb? 


Z End product ) 


Solution: Radioactive change is . 
28 ys pp 
Decrease in mass = (238 — 206) = 32 
Let the number of o.-particles emitted be x. 
4x = 32 
x=8 
Thus, 8 moles of helium are produced when one ele of 


_ “SU disintegrates into 795 Pb. 


Example 8. How’ many ‘a’ and ‘B’-particles will be 
changes into 4 Po?'*? 
Solution: The change is; 


oTh 234 Po 218 
= Parent ' End product 


Decrease in mass = (234 — 218) =16 amu 
Mass of | o-particle = 4 amu 


Therefore, number of o-particles emitted = ~ =4, 


Number of B-particles emitted 
= 2x No. of a-particles emitted — (At. No. of parent ~ At. 
No. of end product) 
= 2x 4~(90- 84)=(8-6)=2 
Hence, number of «-particles emitted =4 - 
and number of B-particles emitted = 2 
Example9. 73U is a natural an O.-emitter. After 


at-emission, the nee nucleus U x, in turns emits a f-particle 
to produce another nucleus U y,. Fi ind out the atomic number and 


“mass number of Uy, andU y,. Also if uranium belongs to IlIrd 


group to which groupU y andU x, belong. 
Solution: = 79; U- {He —> “Uy, 


234 _ 234 . 
bh eee RTs ee eve 


Both Uy, and Uy, will belong to Wind group because both lie 
in n actinide series, 


1. During the transformation of 7X to by , the number of 
6-particles emitted are: ’ [PET (Kerala) 2006, 08] 


® 
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ayo? ) d+ 4c 

@a+(25?)-¢ (d) 2c-dta-b 
. ao 

[ Anis. ©) 


[Hint: No. of o-particles = (37) 


Z,-2a+P=Z, 
B=Z,-Z,+ 20 
(a-) 
=d-ct+2 
4 
-b 
ye ) —¢] 
2 


A radioactive nuclide emits y-rays due to: 


(a) K-electron capture 

(b) nuclear transition from higher to lower energy state 

(c) presence of greater number of neutrons than protons 

(d) presence of greater number of protons than neutrons 
[Ans, (b)] 

[Hint: After «,f-emission, nucleus goes to excited state; 
when it returns to normal state, emission of y-radiations takes 
-place.] 


In which of the following transformations, the B- peices are 


emitted? — 
(a) Proton to neutron 
(c} Proton to proton 


(b) Neutron to proton 
(d) Neutron to neutron 


[Ans. (b)] : 
(Hint: }n—— > |H+ we + antineutrino] 
In the radioactive decay: 

gX 3, TY fz giz" 
the sequence of emission is: - 
(a)0,B,y (6) B,o,.y © ¥,0,8° @ B,y.a 
{Ans. (b)] 
[ Hint: 2X = e—> Z+ 1% Z+ iy - jHe —> 22125 
A-4 


Z- 


Which of the following elements is an aero ate 97 U? 


fa) Bi (b) “Pb (©) “Th @) “UP 
{Ans. (c)] . 
{Hint: Isodiapheres are formed by o-emission. 


235 U - 3He —> 73)Th (Isodiaphere)] 

A certain radioactive material 7X starts emitting a and B 
z_3i- The 
(VITEEE 2008) 
(b) 2 and I respectively 

(d) 3 and 8 respectively 


particles successively such that the end product is 
number of a and 3 particles emitted are : 
(a) 4 and 3 respectively 
(c) 3 and 4 respectively 
[Ans. (b)] 

(Hint: 2x —S Say 
es inmassnumber 8 

4 
Z-2x toe of particles + Number of B-partic] es=Z-3 


Number of i = 


=2 


Z-2x2+ Number of B-particles = Z - 3 
Number of B- particles = 1] 
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3.8 RADIOACTIVE DISINTEGRATION SERIES 


Elements beyond bismuth are all radioactive in nature. Most of 
them have several radioactive isotopes. These radioactive 
elements ‘disintegrate to give new elements which again 
‘disintegrate to form other elements and so on. The process 
continues till a non-radioactive end product is reached. 

“The whole chain of such elements starting from the parent 
element (radioactive) to the end element (non-radioactive) is 
called a radioactive series or a family”. . 

All the naturally occurring radioactive elements above atomic 
number 82 belong to one of the three madicncHye series. These are 
known as: 


(i) Thorium series - . 
(ili) Actinium series os 
Uranium and thorium series ie Bas er -on the basis of 


(ii) Uinta series 


long lived isotopes of 38 J and 7? Th. The parent element of 


actinium series is * 


351) but originally it was thought to be an 


isotope of actinium, 77” Ac. The three series are also referred to 4n 
(thorium), 4n + 2 (uranium) and 4n + 3 (actinium) series as when 
the mass numbers of various members belonging to these series 
when divided by four, either there is no remainder (as in thorium 
series) or the remainder is 2 (as in uranium series) or 3 (as in 
‘actinium series). The end product in all the three series is an 
, isotope of lead which is stable and non-radioactive in nature. The 
following table shows the main character nes of three 
fadioactive series: 


Sertes 


Thorium 


(4n) 


Uranium 28 4.51x 10? 
(4n+ 2) 
Actinium | 733U 7.07 x 10° | 2 


(4n + 3) 


+. | Half life | - 
of first 
member 
"in years 


an | 14 x10 |2 


(i)"Thorium series (4n series): — 


-B 
oh “5 28Ra » 78 Ac 


208 
ae Ne 
ss er ae 3B 
a 212 p ~B 


-B 
» 28TH 5 Ra 5 Rn 5 


216 


, No. ‘of a 
particles 
emitted 


5 16Po 
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ci) rae han [(4n + 2) series 


770 5 Th - Bh Hi Pa me aU 


20TH 5 26Ra > 22Rn 


~5 9Rp 


Only 18 radioactive isotopes with atomic number 82 or less . 


are found in nature. “C is the exception because it “is 

‘continuously synthesized in our atmosphere. All these natural 
radioactive elements have half-life longer than 10° yrs (age of 
earth). Another 45 radioactive isotopes having atomic number 
greater than 82 are also found in ‘nature and fall in above three 
_ natural decay series. : 


Similarities between Radioactive Series 


(i) In-all the series, there is an element of zero group with 
atomic number 86. This element comes in the gaseous state and is 
called emanation. Different names are given to three isotopes. 
These are radon in uranium series, thoron in thorium series and 
actinon in actinium series. 

Gi) In all the series, the last product is an isotope of lead 
(atomic number 82), 206 ph in uranium series, 7°” Pb in actinium 
series while 7° Ph in thorium series. Due to this reason, lead is 
found in nature as a mixture of these three isotopes. 

(iii) In all the series, there are certain elements which 
disintegrate in a branching process by emitting either @ or 
B-particles. The species thus formed are then disintegrated in 
such a way as to give a common product. 


Neptunium series [(4n+1) series]: For many years 


scientists speculated upon the failure to find a disintegration . 
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series in nature whose isotopic masses carry a numerical 
relationship of 4n + 1 The most reasonable explanation for the 
absence of this series in nature was that no member of this series 
was sufficiently long lived to have survived over the years since 
the series might have been formed. Except the last member, all 
other members of this series have been obtained by artificial 
means. The name of this series is given on the long lived isotope 


- of neptunium (Half life on 93 Np = 2.25 x 10° years). This family 


differs from the other ree naturally occurring series in the 
following respects: 


(a) The last member of this series is an enlOpe of bismuth 
ees Bi) and not an isotope of lead. 


(b) The only member of this series which is found i in nature is 
the last member. 


(c) The men) does not contain neeseous emanate 


~B -B 
237 35ND - ee > 23 ‘Pa > eG > Th = 5 25 SRa > 225 5 Ac 


. 23 Dy - 
209 B <p a — 
a ae 83 


ae 


Bic “27 até e 21 Lene 


In this series, seven ais and four beta particles are emitted. 


3. 9 RATE OF DISINTEGRATION AND HALF 


LIFE PERIOD 


The radioactive decay of the different radioactive substances 


‘differ widely. The rate of disintegration of a given substance 


depends upon the nature of disintegrating substance and its 
total amount. The law of radioactive disintegration may be 
defined as “the quantity of radioactive substance which 
disappears in unit time is directly proportional to the 
amount* of radioactive substance present or yet not decayed.” 
The quantity of the radioactive substance which disintegrates or 
disappears in unit time is called rate of disintegration. 

The rate of disintegration decreases with time as the 
amount of radioactive substance decreases with time. One of 
the most important characteristics of the radioactive 
disintegration is that a certain definite fraction of a radioactive 
sample undergoes disintegration in a definite period of time. This 
time period does not depend upon the initial amount of the 
radioactive substance. 

For example, whatever be the amount (initial) of '?'I taken, it 
becomes half within 8 days. This has been shown in Fig. 3.4 (a). 
Initial amount of “I The amount of "11 after 8 days 


20 grams 10 grams 
10 grams 5 grams 
5 grams 2.5 grams, etc. 


Rutherford introduced a constant known as half life period. It 
is defined “as the time during which half the amount of a 
given sample of the radioactive substance disintegrates”’. 


Amount of a radioactive substance can be taken in terms of number of atoms or moles or grams, milligrams, etc. 


RADIOACTIVITY AND NUCLEAR TRANSFORMATION 


i] 
Q 
iY) 


a 
Q 
o 
o 
B 
— a 
< alae 
ao) t 7 
s | 
= a 
8 bg 
€ Spt a 
8 ; INB a 
2S ehens ering TG. et 
2 ae ae 
0 8 #16 24 32 40 48 
eer ‘ 
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Fig. 3.4 (a) 


Number of undecayed nuclei _—* 


tye 2tye Ste 4h 


Time ———> 


Fig. 3.4 (b) 


Every radioactive element is characterised by a definite constant 
value of half life period, Half life period of an element is also a 
measure of its radioactivity, since shorter the half life period, the 
greater is the number of disintegrations and hence greater its 
radioactivity. Half life periods vary from billions of years for 
some radioisotopes to a fraction of a second. ; 
_ Half life period is represented as ¢,,. 
Let the initial amount of a radioactive substance be Ng. 


After one half life period (¢,,2 }, it becomes = Ny /2 
After two half life periods (21,,2), it becomes = Ny/4 
After three half life periods (37,,,), it becomes = N 9/8 


and After » half life periods (nt,,,), it shall become = 3] No 


Thus, for the total disintegration of a radioactive 
substance an infinite time will be required. : 
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Time _ Amount of Amount of radioactive 
(DY + radioactive _ substance decomposed 
aS substance (N) - : (No-N).. : 
0 : Nu . 0 
t 1. fist ~ 1 | 
gfe oe Ree ~Ng=)l-- iN 
} ae (3) No 5 te 7; °° 
ye 1 iy 3 Ny ele 
aNon[z} Me 2 gNo=[1-g Po 
3tya 1 1 er 
oN see —~Ny,=|1-—|N 
oa (3) ie ee ll | 
Aty, | i) 15 
past eead (eae —Ny=|(1-— IN 
fe (5) No 16° 16| ° 
nto oe (J <a fe! (3) . 
-|N ae 1-|—| 1N 
Le) en [ 2. | : 


Amount of radioactive substance left after 1 half life periods 


() eae nas 


and , total time T = ax thro 


where, nisawhole number. _ . 
“28999 QSome Soiven ExampLes\ $9822": 


Example 10. The half life period of radium is 1580 years. 
How do you interpret this statement? 
Solution: Whatever quantity of radium is taken, it shall 
become half after the expiry of 1580 years. The following table 
explains the statement: 


Quantity of radium Quantity of radium 
at present after 1580 years 
100 atoms’ 50 atoms 
50 gram 25 gram 
5 mole 2.5 mole 
- Example 11. 


The radioactive isotope 37 Cs has a half life 
period of 30 years., Starting with |\mg of 2 
remain after 120 yéars? 

Solution: At this time, we have 1.0 mg of 37-Cs: after 30 
years, we shall have one half of the original, or 0.50 mg; after 60 
-years, we shall have 0.25 mg; after 90 years, we shall have 0.125 
mg and, finally, after 120 years, we shall have 0.0625 mg. 


Cs, how much would 


After 30 years = 0.50 mg 
60 years _ 0.25 mg 
90 years = 0.125 mg 
120 years sia 0.0625 mg 
Alternative solution: Total time = 120 years 
We know that, . total time =” X f))2 
So, 120=n x 30 


n=4 
Thus, the quantity of the isotope left after - . F 
; ( \ 
four half life periods = | Ty ele x1 
ey 


2). 


eke 0.0625 mg 


i6 
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: Example 12. A radioactive element has half life period of 
30 days. How much of it will be left after 90 days? 


Solution: Total time = 90 days 
Half life (t,,.) = 30 days 
We know that, total time = 7 X fy)>_ 
So, 90=nx 30 
-n=30 
_ Thus, quantity left after three half life periods - 
, = Gy Ny [No= original amount] 
hs 1 
=—-xN,=-N 
| gk es 
Example 13.. The half life period of *1%,Po is 140 days. In 


; how many days |g of this isotope is reduced to 0.25 g? 
Solution: Original quantity of the isotope (Vy )=1g 
Final quantity of the isotope N = 0.25 g 


ae 

We know that, . N=l|-) No 
at 

So, dz 2 x1 
i 4 \2 
n Bi 1)" 
or _ ={— 
2 2 
“or n=2- 


Time taken T= n Xt). = 2 140 = 280 days 
- Example 14. The. half life period of .7*U is 25% 10° 


years. In how much time is the quantity of an eae reduced to 
25% of the original amount? 


Solution: Initial amount of this isotope Ny = 100 
Final amount of the isotope N = 25 
7 : n ; 
We know that, N= : No 
* . ; 1 n 
So, . 25= 5 x 100 
:257 1 
or . —=/- 
100 \2 
Lr) 
or ss 
: 4 (2 
( af 1 n 
or. =} =|= 
\2) AZ) 
or —  n=2 
Time taken T=nX tio 


=2x2.5x10° =5x 10° years 


gp arate See =e ™“orN =N e™ 
N N No 
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Example 15. A radioisotope has ty. =5 years. After a 
given amount decays for 15 years, what epee of the grigiial. 
isotope remains? 

Solution: Half life (¢,,. )= 5 years 


Time for decay (T )= 15 years 


We know that, T=nX by 
So, S=nx5 
or - n=3 


Let the original amount be = Ny 
. Let the amount left after three half life periods be = 
fraction = N/ Ny 


a 
We know that, N -(;) No 
. : 2 
N fi" _f1y¥ 1 
or —— = ;| = 5 =— 
Nj. 42) ye 8 


Thus, after 15 years ah of the original amount remains. 


_ Example 16. if in 3160 years, a radioactive substance 
becomes one-fourth of the original amount, find its half life 
period. | 


Solution: aad 
ary Ny. 4 
: ; n 
So, i = | 
4 \2, 
(1 2 1 An. 
; G} -G) 
2 2 
or n=2 
We know that, total time ‘7? =n x t)/5 
So, 3160= 2x), 
ae - tie care 


The half life period of a radioactive ee is [pee eisai 
“ILUSTRATIONS ‘OF OBJECT 


7. Half life of a radioactive sample is 2x years. What fraction of 
this sample will remain undecayed after x years? _ 


ees eae \ 1. ts 
(a) = (b) — (ec) —— (d) 2° 
A) V2 ° V3 
[Ans. (b)] : 
[Hint: n= 2 tog (2 
N 
0.693 


ae Ny 
= 250° hogin | ~2 
hye ft 


0.693 2303 ,, (%] 
2x B10 | 


1 No) 
3 lo810 2 = tog( 22 


~ 


10. 


11. 


12. 


Disintegration constant: 


EE Rn aT ee eg ES See oe MM ar ey SINT, ee A 
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Fraction undecayed = te ] 


Half life of a radioactive element is 10 days. What percentage 
of the element will remain undecayed after 100 days? 


(a) 10% (b) 0.1% 

(c) 0% (d) 99% 

{Ans. (b)] 

[Hint: In ten times of half life 99. 9%, the element undergoes 


decay; then percentage of aaa radioactive element will 
be 0.1%.] 


Which among the followiig relations is correct? _ 
(a) ty2 = 2ts/4 (b) ty. = 34 
(©) by4 = 2th. ) t4 = 3ty2 


{Ans. (c)] F 
0.693 2.303 N 
[Hint: =—" log (%2] 
» An Be gy 
0.693 2.303 100 
= log — 
bya b34 75 
. tyg = 2ty2] 


Select the correct statement: 

(a) Same amount will decay in every half life 

(b) Amount decayed in first half life is maximum 

(c) Amount decayed in first half life is minimum _ 

(d) Amount decayed in a half life depends on the nature of 
element © 

[Ans. (b)] 

[Hint:' :;Amount decayed in first half life is maximum. Half of 
the initial amount is decayed in first half life.] 


The half life period of a radioactive mineral is 15 min. What 
percent of radioactivity of that mineral will remain after 45 


min? _ [UGET (Manipal Medical) 2006} 
(a) 17.5%  (b) 15%  (c) 12.5%  (d) 10% 

[Ans. (c)] 
{Hint: n= z = 3=No. of half lives 


n 3 
wv =N9(3| = 100>(3) =12.5%] 


Half life of a radioactive element is 16 hrs. What time will it 


take for 75% disintegration? (DCE 2006) 
(a) 32days (b) 32hrs (c) 48hrs  (d) 16hrs 
(Ans. (b)] oo 

[Hint: 75% decay takes place in 4, , (3 / 4th life) - 


bg = 2ty2 = 2 x16 = 32 hrs] 


A chemical reaction whose rate of 


reaction varies directly as the concentration of one molecular 
species only, is termed a first order reaction. Radioactive 
disintegration is similar to. such a chemical reaction -as one 
radioactive species changes into other. This change can be 
represented by the equation: 


A — »B 


When . 
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‘Suppose the number .of atoms of a radioactive substance 


present at the start of observation, i.e., when t = 0, is Ny and after . 
time ¢, the number of atoms remaining unchanged is N. At this 
instant avery small number of atoms dN disintegrate in a small 


sae ‘ pata dN 
time df; the rate of change of A into B is given by — eh The 

t 
negative sign indicates that number of atoms decreases as time 


_ increases. Since, rate of disintegration or change is proportional 
to the total number of atoms present at tliat time, the relation 


becomes 

dN ; 

~2*=1-N wf 
a (i) 

‘i’ is called the disintegration constant or decay constant. 
Evidently Le wer ch) 

N 

If dt = 1 second,. A= - 7” .. (lil) 


Thus, A may be defined as the fraction of the total number — 


. Integrating eq. (ii), = —= af dt 
— log ae At+C 
C is the integration constant. % 
t=Q N=N, 
Putting the values in eq. (iv),. 
-log Ng =C .- 
Putting the value of C in eq. (iv) 
—logN=At-log No or log Ny -log N=At 


—— Time ——+ 


Fig. 3.5 Fraction of radioisotope remaining versus time 


== Time se 


Fig. 3.6 Log of fraction remaining versus time 


of atoms which disintegrate per second at any time. This is 
constant for a given eae Sure 


wy (iV) 


.. (Vv) 
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ON N 
or log—2=dt or 2.303 log,, —2= 
& NW &10 N 
2.303 N 
or A= —— lo o vi 
; S10 N + ( i) 


This equation is called kinetic equation and is obeyed és first 


order reactions. 


_ Relationship between half life period and radioactive — 


- disintegration constant. 


; When : f=ty3, ~Mo 

Putting the values in eq. (vi) 

2.303 No 2.303 
= log to =—— log io 2 
tia ° No/2 tin 
The value of log), 21s 0.3010. 
Ea 0.693 0.693 
So, A= 


OF EB age 
fia r 


Thus, half life period of a given radioactive substance does not 
depend on the initial amount of a radioactive substance but depends 
only on the disintegration constant of the radioactive element. 


3.10 AVERAGE LIFE 


it is the sum of the periods of existence of all the atoms 
divided by the total number of atoms of the radioactive 
substance. 


Total life time of all the atoms 
Aver age life = ——$__—______.____— 


Total number of atoms 
Be 
No. 2 


Thus, average life of a radioactive element is the inverse of its 
disintegration or ss constant. 
1 


The average life of a radioactive suestance’ is 1.44 times of its 
half life period. 


Alternatively: 
_ We know that, : 7 2303 log io (7 
t , oly 
a 
or At = log, (7 
uw No 
N 
. or N Ss em 
cheer hes Neetal 
nS No @ 
f ccna = 0, 3679 
“ No 2.718 


~% remaining amount = = x 100 = 36.79 


0 
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% decayed amount = 100 - 36.79 = 63.21 


Time during which 63.21% substance undergoes decay is 
called average life. 


Relation between rate of decay and mass of given element 
Rate(- Ze) = ax 
dt 


=X No. of atoms of element undergoing decay 
_ 0.693 x __mass 


ty. atomic mass 


x Avogadro’ s number 


Parallel Path Decay 
Let a radioactive element ‘A’ decays to ‘B’ and ‘C’ in two 


parallel paths: 
B 
Ss 


Cc 
Decay constant of : a ee 
‘A’ = Decay constant of ‘ B’ + Decay constant of ‘C” 
Ag =Ag tac eh) 
Here, Ag =[fractional yield of B]xA , 
Xe =[fractional yield of C]x A 4. 


Maximum Yield of Daughter Element 


Let a radioactive element ‘4’ decays to daughter element ‘B’. 
A———>B 
A, andA, are decay constants of ‘A’ and ‘B’. Maximum 
activity time of daughter element can be calculated as: 
2.303 


tee = lo ay 
mm (Ag Ag) ee Aa |! 


3.11 RADIOACTIVE EQUILIBRIUM \ 


Let us consider that'a radioactive element A disintegrates to give | 
B which is also radioactive and disintegrates into C. 
A— > B—C 

The element B is said to be in radioactive equilibrium with Aif 
its rate of formation from A is equal to its rate of decay into C. If 
A, and ). are the disintegration constants of A and B, N, and Nz 
are the number of atoms of each radioactive element present at 
equilibrium, then we have 

Rate of formation of B = Rate of decay of A=A,N, 
and Rate of decay of B=A,N, 
. At radioactive equilibrium, 


AYN =A,N, : 
es — NM Ay _ Wa, _ Average lifeofA _ Z,4 
Ny Ay WA, AveragelifeofB Zs, 


Thus, the number of atoms of 4 and B are in the ratio of 
their. average life periods. 


Ny _ Az _ 0693/ (tr )2 
N, A, 0693/(ty/2); 
NM _ (inh 


“No (hy), 
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When A, of parent element is less than A, of daughter 


element, but both are not very small then a transient equilibrium _ 


- is reached, when 


in fact it is steady state. - 


.3.12 UNITS OF RADIOACTIVITY 


In radioactivity, the number of atoms which disintegrate in unit 


time is of real importance rather than the-total amount of the . 


radioactive substance expressed by mass or number of atoms, 
ie., the activity of a radioactive substance is the rate of decay or 
number of disintegrations per second. 

The unit of radioactivity called Curie (Ci) is defined as that 
quantity of any radioactive substance which has a decay rate 
of 3.7 x 10" disintegrations per second. 

This unit is a large one and hence smaller units like milli- 
curie (mCi) and microcurie (Ci) are used. 

1 millicurie = 3.7 x 107 disintegrations per sec 
1 microcurie = 3.7 x 10* disintegrations per sec_ 
There is another unit Rutherford (Rd) which is also used these 


days. It is defined as the amount of a radioactive substance 


which undergoes 10° disintegrations per second. Smaller units 
like milli-Rutherford and micro-Rutherford are also used. 


1 milli-Rutherford'= 107 disintegrations per sec (dps) 


1 micro-Rutherford = 1 disintegration per sec 

- The SI unit of radioactivity is proposed as Beequer! which 
refers to one dps. 

1 curie = 3.7 x 10* Rutherford = 3.7 x10'° Becquerel 

‘lcurie = 37 GBq 

Here, G stands for 10”, i.e., giga 
Gray (Gy) =-1 kg tissue receiving 1 J of energy 
- Sievert (Sv) = gray x quality number of radiation 
Quality number of lo-particle = 20 

; Quality number of 1f-particle = 1 
_ Specific activity of a radionuclide is its activity per kilogram 
(or dm’) of the radioactive material. _ 

(in some cases, specific meaty is taken as the activity per 
gram.) 

Radiation counter: 
in practice. 

1. Geiger-Muller cuunice: It is used to count charged 
particles, e.g.,0 and B-particles, emitted by a radioactive nucleus. 
This counter is simply a metal tube filled with a gas like argon. 

In order to count and detect neutrons, boron trifluoride (BF, ) 
is added along with a gas in the G.M.-counter. Neutron strikes 
'°B nuclei to produce c-particle, which is then detected and 


counted in Geiger counter. 
B+ on—— jLi+ 3He 


There are two main radiation counters 


2. Scintillation counter: y-radiations ‘are detected by 
Scintillation counter. A phosphor i is used in this counter which 


. oF 


produces flash of light when it is struck by electromagnetic 
radiation like y-rays, for detection of y-rays. Sodium iodide (Nal) 
and thallium iodide (TID) are used as phosphor. Rutherford first of 


. all used zinc sulphide ee as BhosPOE in detection of 


a- particles. 


1283389 Some Soiven Exampies) [SOME SOLVED EXAMPLES\ SOLVED EXAMPLES ras 


-Example 17. The half life period of radium is 1600 years. 
Calculate the disintegration constant of radium. Mention its unit. 


Solution: Disintegration constant A = 0693 
hijo 
Since, ty j2 = 1600 years 
_ 0.693 
So, 
~ 1600 
or : ; r= 4.33 x 10 year! 
Example 18. he disintegration constant of BBY 2 


1.54107! year". Calculate the half life period of 
0.693 


Solution: Half life period, t,;. = 


Since, 4=1.54x107 year™! 
- 0.693 ee 
So, Toya years 


. Example 19. The halflife period of radon is 3.8days, After - 
how many days will oy one-twentieth of radon sample be left 
over? 


Solution: We know that, A = e782 0.693 _ = 0.182 day! 


Let the initial amount of radon be Ny and the amount left after 


t days be N which is equal to =. 


Applying the equation, a 
t= ae log io a 
2 He 7 _ 2,303 
-* 0 
~ 9.182 °° W720 0.182 8. 
. "= 16.54 days — 
Example 20. A counter rate meter is used to measure 


the activity of a radioactive sample. At a certain instant, the 
count rate was recorded as 475 counters per minute. Five minutes 
later, the count rate recorded was 270 counts per minute. 


Calculate the decay constant and half life period of the sample. 


Solution: Let Ny and N be the number of atoms of the 
radioactive substance present at the start and after 5 minutes 
respectively. 


Rate of disintegration at the start = AN. = 475 
and rate of disintegration after 5 minutes = AN = 270 


Dividing both, AN G24 

AN 270 
No - 176 
N 
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We know that, 1 = 2303 i 08 10 No. 


N. 
2303 log jo 1.76 = 0.113 minute! 


~ Half life period = BLE SILe = 6.1 minutes 


A 0.113 
... Example 21. You have 0.1g atom of a radioactive isotope 
4X (halflife = Sdays). How many atoms will decay during the 
‘1th day? 
Solution: Amount of radioactive substance = 0.1 g atom . 
So, * | Ny =0.1x Avogadro’s number 
7 = 0.1x 6.02 « 10” 


= 6.02 x10” atoms 
6.02 x 1077 


= 


am Number of atoms after 5 days = = 3.01x 10” - 


= 3.505 x 107? 


Se ae SN, f 22 
_ Number of ntomsiatier 10 ve = son. 


_+ Let the number of atoms left after 11 days be N. 
We know that, 


2.303 No 
t= log, —2 
. x B10 N 
Given, t = 11, <=, Ny = 6.02x 10” 
7 9 303x 02x 1072 
So, avs 303% 5 iy 6.02 x 10 
0.693 N 
y 22 
ae. Jog yp £i02X 10" _ 11x 0.693 _ 9 5609 
“ON 2.303 x 5 
22 
Geox Antilog 0.6620 = 4.592 
So, Na oe x 1072 = 1.3109 10” 
4.592 


Atoms decayed during 11th day 
= [1.5050 107? — 
= 0.1941 10” 
= 1.941x 107! 


* ‘Example 22. 10g atoms of an a-active radioisotope are 
disintegrating in a sealed Ponliads In one hour, the helium gas 
collected at. STP i is HI. 2cm?. Calculate the half life of the radio 


isotope. < 
‘Solution: Adndutt of radioactive isotope = 10 zg atoms.’ 


of No = 10x 6023 x 10” atoms 
| "= 6.023 x 10% atoms 
22400 cm? of helium contains = 6023 x 107° atoms 

6.023 x 107 


1.3109 x 10” J 


x 11.2 atoms 


11.2 om? of helium will contain = 


As one helium atom is obtained by disintegration of one atom 
of radioisotope, the total number of atoms of the radioactive 


isotope which have disintegrated in one hour _ 


=3.01x10" or 0.0003 10 


The number of atoms of the radioactive isotope left after one 


‘hour, ; 
N = (6.023 x 1074 — 0.000301 x 1074 ) 
= 6.0227 x 1074 
‘Using, A= 23 log Ny: 
t N 
, 2.303,  6.023x 1074 
= lo 
t 6.0227 x 1074 - 


= 2.303 x 2.1632 10° = 4.982 x 107 hr! 
thy. = 0.693 / (4.982 x 10° x 24 x 365) = 1.58 years * 


Example 23. Calculate the average life of a radioactive 


substance whose half life period is 1650 years. 


Solution: Average life = 1.44 x ty). 
= 1.44 x 1650 = 2376 years 
Example 24. ° sy shows B-activity and its half life period 


is 28 years. What is the activity of a sample containing | g of 
90 
Sr? 


Solution: Activity = No. of atoms disintegrating per second 


= x total number of atoms 
0.693 , 


~ 28x 365 x 24 x 60x 60 

6.023 x 107 
90 

0.693 y_ 5.023 107 

28x 365 x 24x 60x 60 — 90 

= 5.25x 10 disintegrations per second 

_ 5.25x 107 

37x 10! 


+ Example 25. 4 chemist prepares 1.00 g of pure Pao) This 


Total number of atoms in 1 g of °Sr = 


Activity = 


= 141.89 curie 


* isotope has half life of 21 minutes, ee by the equation: 


ry ee ee + re 
@ What is the rate of disintegration per second (dps) at start? 
(6) What are the activity and specific activity of \£C at start? 
(c) How much of this isotope C C)is left after 24 hours of its 
preparation? pe 


Solution: (a) Applying, — fn =)No 
9.693 1x 6.02 10 
ay  -Yisee” a Ai 


=3x 10" dps 


~ ET SS 
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(b) Activity = 3x10" 
3.7x 10!° 
= 8.108 x 10° curie 
Sp. activity = 3x 10’? x 10? = 3x 10” dis/kg s 
= 8.108 x 10'! curie 


(1 curie = 3.7 10!° dps) 


68.57 ; 
n=ix(3] =2.29x 107! g 


-_ILUSTRATIONS’ OF OBJECTIVE QUESTIONS “= 


13. The time of decay for the nuclear reaction is given by 
t= 5t, 12: The relation between mean life tand time of decay 
‘is given by: 


(a) 2tln2 (b) StIn2 (ec) 2t*In2 (a) fu In 2 
T 


* (Ans. (6)] 
(Hint: ¢= Sty2 
t=5x in 
rX 
. t=S5tln2]° 
14. The activity of a sample of radioactive element 00 Ai is 6.02 
curie. Its decay constant is 3.7 x 10" s “| The initial mass of 
the sample will be: ‘ 


(a) 10g (b) 10%g (10g (d)10°%¢g 
[Ans. (c)] 
[Hint: Activity =” x—~~— x 6.023 x 10 

At. wt. 


6.02 3.7x 10° =3.7x10* x ag x 6.023 x 107 


w=10) g] 


15. A freshly prepared radio medicine has half life 2 hours. Its _ 


activity is 64 times the permissible safe value. The minimum 
time after which it would be possible to treat the patients with 
the medicine is: 

(a) 3 hrs (b) 9 hrs 
[Ans, (d)] 


Hint: N =Ng 3] 


(c) 24hrs (d) 12 hrs 


oe (3) ; n= 6 half lives 
64 \2 

“time = 2x 6 = 12 hrs] 
16. - One gram of 77° Ra has an activity of nearly 1 Ci. The half life 
: of Ra is: 


(a) 1582 yrs (b) 12.5 hrs 

(c) 140 days ‘(d) 4.5 x 10° yrs 

[Ans. (a)] 

Hint: Use the following relation for calculation of activity: 
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Kev o ee 08 x 107 
ty. “At. wt. 
3.7x 10% = 2693 y 1 y 6.023 x ee 


by2 
It will give the half life in seconds.] 
17. Assuming that ”°Ra (t,,> =.1.6x 10° yrs) is in secular 
equilibrium with “8U (1, 12 =4.5xX 10° yrs) in a certain 


mineral, how many grams of radium will be present in for 
every gram of “°U in this mineral? 


(a) 3.7x 107 (b) 3.4x 107 
(c) 3.4x 107 (d) 3.7x 107 
(Ans. (c)] 
N 226p t 226p 
Hin; = 2" 
Wa en 
3 : 
w/ 226 = 16x10. y= 3.4x107 g] 
1/238 4.5x 10°” 


18. Acertain radioactive isotope decay has t-emission, 


half life of X is 10° days. If 1 mol of X is taken initially in a 
sealed container, then what volume of helium will be 
collected at STP after 20 days? 


(a) 224L  (b) 11.2L , (c) 16.8L (d) 33.6L 
(Ans. (c)] 
[Hint:, After'20 days 0.75 mol helium, will be formed. 


“. Volume of helium at STP = 0.75 x 22.4 - 
=16.8L] 


3.13 ARTIFICIAL TRANSMUTATION 


Transmutation is defined as the conversion of.one element — 
into another or one type of atom into another. When this 
conversion is achieved by artificial mcens: it is termed ‘as 
artificial transmutation. 

. The conversion of elements into one. another ‘has been’ the 
dreain of the human race for many centuries. In the’middle ages, 
it was popular under the name of ‘ Alchemy’. Alchemists were 
unsuccessful in this attempt as they were having very little 
knowledge about the structure of atom. With the background of 
the clear picture of the structure of the atom, modern scientists 
have realised that to convert one element into another, the 
nucleus should be attacked and altered. : 

The first indication that a stable nucleus could be diranica 
was given by Rutherford in 1919: He observed that when 
nitrogen was bombarded with high speed a.-particles from 214 Do, 


protons were emitted. Thus, nitrogen was changed. into an isotope 
of oxygen. 


\ \ 
5} * 
a 


'IN+ 3He —> JO+jH. 


Later on, Rutherford and Chadwick showed that many other 
elements from boron to potassium with the excepticit of carbon 
and oxygen could be transmuted by bombardment with 
a-particles. However with heavier elements, there was only 
scattering of o.-particles as these suffered a force of repulsion. It 
was, thus, concluded that to bring transmutation in heavier 
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elements, the nioieeules must have fianer: energies than 
a.-particles obtained from natural sources. It was suggested by 
_ Gamow in 1928 that a proton (; H) would be a much more 
effective projectile than an -particle, but it was not available as a 
high speed particle. 


The charged particles, like alpha particles, protons, deuteroris 


can be made much more effective projectiles if they have high 
velocity. Out of all the instruments which have been devised for 
_ accelerating projectiles, the one which has attracted the widest 
__ interest is the cyclotron of E.O. Lawrence. The projectile can be 
- accelerated to the speed of 25,000 miles per second. 

~The discovery of neutron by Chadwick, in 1932, added 
another projectile for transmutation. The neutron being 
electrically neutral can penetrate easily into the atomic nucleus. 
Although neutrons, are the most effective and versatile of 
projectiles, yet they suffer the objection that they must be 
~ produced by transmutation at the time of use. High speed 
neutrons are obtained when beryllium-9 is bombarded with 
a.-particles, 


1Be+ 5He —> 2C+ jn 


and slow neutrons are obtained by bombarding lithium-7 with 
protons. 


3Li+ |H —> [Be + on 
In general, for the transmutation of lighter elements, charged 


particles like alpha particles, protons, deuterons are used while 
for heavier elements, neutrons are used. 


Nuclear Reactions 


- The reactions in which nuclei of atoms ‘interact with other 
nuclei or elementary particles-such as alpha particle, proton, 

" deuteron, neutron, etc., resulting in the formation of a new 
nucleus and one or more elementary. particles are called 
nuclear reactions. Nuclear reactions are expressed in the same 
fashion as chemical reactions, i. e. ,reactants on left hand side and 
the products on right hand side of the sign of (=) or (>). In all 
nuclear reactions, the total number of protons and neutrons 
are conserved as in chemical reactions, the number of atoms 
of each element are conserved. The symbols 4, | H, 3 He, 7H, 


 e, ,{eand ¥ are used to represent neutron, proton, «-particle, 


deuteron, electron, positron, y-rays respectively. A short hand 
notation is often used for the representation of nuclear reactions. 
As for example, nuclear saat 


'IN+ 3He —> 30+ ly 
is represented as . ‘Na, p)'s 7O. Some of the caesctbnaties that 
differentiate between nuclear reactions and ordinary chemical 
reactions are simnmarised below: 


1. Elements may be converted from 
one to another. 


2, Particles within the nucleus are 
involved. : 


|No new element can be pro- 


duced: 


Only outermost electrons partici- 
pate. 
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3, Often accompanied by release or Accompanied by release or ab- © 


- absorption of 
~ amount of energy. 


tremendous] sorption of. relatively small 


amount of energy. 


4. Rate of reaction is independent) Rate of reaction is influenced by 
of external factors such as tem-j external factors. 
perature, prreue and catalyst. 


Eaamel 26. Calculate the energy in the reaction 
2\H + 2 on 3He ~ 


Given, H = 1.00813 amu, n = 1.00897 amu and 
He = 4.00388 amu 


Solution: Loss of mass in the given nuclear reaction 
= 2(1.00813+ 1.00897) — 4.00388 | 
= 0.03032 amu 5 

Energy released = 0.03032 x 931 = 28.3 MeV 


Types of Nuclear Reactions 


(a) Projectile capture reactions: The bombarding particle 
is absorbed with or without the emission of y-radiations. 


mut Mn ; Buty 
7ZAl+ jn —> *BAl+y 


(b) paticeterec reactions: Majority of nuclear 
reactions come under this category. In addition to the product 
nucleus,.an ee particle is on emitted. 


Na+ iH —} i2Mg + on 


3 Na+ 7H — 2 4Na + | H 
a“ 

Na+ He ——? 2Mg + | H 

4N4 bn —> 4c4!H 


(c) Spallation reactions: High speed projectiles with 
energies approximately 40 MeV may chip fragments from a 
si nucleus, leaving a smaller nucleus. 


99 Cu + 3He + 400 MeV —> 17 7C1 +14 | 1416 bn 
BAst 7H —> Mn +9 1H4+12 bn 
mys tH —> "FW + 20 | H+35 on 


(d) Fission reactions: A reaction in which a heavy nucleus 
is broken down into two or more medium heavy fragments. The 
process is usually accompanied with emission of neutrons and 
large amount of energy. 


SU + > (oBa + 3¢Kr +3 n+ 200 MeV 


(e) Fusion reactions: Light nuclei fuse together to 
reproduce comparatively heavier nuclei. 


?H+ 7H —— $He + 4 +17.6 MeV 
A fusion reaction is the source of tremendous amount of 
energy. — 


Pair production : Pair piodicion is the rest striking 
example of mass-energy equivalence: 
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-We can write pair production symbolically as : 
Photon + Photon ——> Particle + Antiparticle 
Particle + Antiparticle ——— Photon + Photon 


A particle and antiparticle can collide and annihilate each 


other, producing two high-energy gamma ray photons. Pair 


production must obey the law of conservation of energy and — 


momentum. 
The following are the cauportani contributions of artificial 
transmutation: 
(i) Discovery of ieiicon 
(ii) Artificial radioactivity 
(iii) Nuclear fission 
(iv) Nuclear fusion 


3.14 ARTIFICIAL RADIOACTIVITY 


In 1934, Irene Curie and E. Joliot observed that-when boron and 
_ aluminium were bombarded by o-particles, neutrons, protons and 


positrons were emitted. When bombardment was stopped, the: 


emission of protons and neutrons ceased but that of positrons did 
not. The emission of positrons continued with time but decreased 
exponentially in a manner similar to natural radioactivity. Curie 
‘and Joliot explained this observation by saying that during 
bombardment, a metastable isotope is formed which behaves as a 
radioactive element. This process was termed as artificial 
radioactivity. 
“The process in which a stable isetope is converted into a 
‘radioactive element by artificial transmutation is called 
artificial radicactivity.” 
When a Al is bombarded by o-particles, radioactive isotope 


7? Pis formed. 


27 4 30 
i3 Al+ 7He i 14 
0p + §n (5% of total conversion) 


30a; , 0 
igsit+ e 


Positron 
Tn pumila manner, the artificial radioactivity was observed 
when ! °B was bombarded by a-particles. 


at BC+ 1H 
Wire I 
7N* + on 


13 0 
6Ct He 


Si+ \H(95% of total conversion) 


. The following are some of the nuclear reactions in which 
oe isotopes are et 


i} Na+ 7H —> 7{Na* + |H [7} Na —B radioactive] 
Be U+ hn —> 7U*+y [733 U—B radioactive] 
2C+iH — ye + [';N— positron radioactive] 


ip Mg + 2He — iAl* +jH gt radioactive] 


* Half life period of 79P is 3.2 minutes. 
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3.15 NUCLEAR FISSION 


-“The process of artificial transmutation in which heavy 


nucleus is broken down into two lighter nuclei of nearly 
comparable masses with release of large ameunt of energy is 
termed nuclear fission.” The word fission is derived from its 
resemblance to the biological process called fission in which a ° 
living cell breaks up into two cells of roughly same size. 

After the discovery of neutron, Fermi, in 1934, made an 
attempt to synthesise transuranic elements from uranium by 
bombarding with neutrons. This experiment was repeated in 
Germany by Hahn and Strassmann. In one of the chemical tests, 
they found that one of the products was an isotope of barium 
along with the formation of an isotope of the element with atomic’ 
number 93 (neptunium). In 1939, they proposed that uranium 
after capturing neutron undergoes two types of reactions—one 
with 7** Uisotope and the other with 77° Uisotope. 


(a) a 7 Uis converted into ee 93 Np and ‘5, on 
-B -B 


a 8+ ln By 3NP 239 °Pu 
shee 
(b) Ucaptures slow neutron and splits up into fragments. 
2 U+ hn —> eU —> '%Ba + 3eKr+2 gn 
It has been observed that during fission of 7 aU not only 
isotopes of Ba and Kr are formed but isotopes e various other 
elements come into existence. These isotopes fall under two 
groups. First type—isotopes having atomic masses from 80° to 
110 and atomic numbers from 35 to 43 and second 
type—isotopes having: atomic masses from 120 to 150 arid 
atomic numbers 51 to 57. It is believed that only :wo isotopes are 
first formed as primary fission products which then give rise to 
secondary products by successive disintegration. 
U4 la—> nae 2Kr +3 | of 
—> 13Xe +3 ao Si +2 in Primary products. 
5 MXe + Sr + bn 


-B is Nps os 149Cg 


ae 
Secondary products 


140 °Xe—> pe °Cs —> ee 0 Ba 


- During fission, there is always loss of mass which is converted 
into energy according to Einstein’ equation E = mc*. There is a 
loss of about 0.215 amu mass during one fission. Thus, energy 
released in one fission is equal to 0.215 x 931, i.e.,200 MeV. 

Chain reaction: Whatever are the primary products of 
fission of uranium, it is certain that neutrons are always set free. 
If the conditions are so arranged that each of these neutrons can, 
in turn, bring about the fission, the number of neutrons will 
increase at a continuously accelerating rate until whole of the 
material is exhausted. Such type of reaction is called chain 
reaction. It takes very small time and is uncontrolled. It ends ma 
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terrible explosion due to release of enormous amount.of energy. 
The chain reaction is shown in Fig. 3.7. 


70K 
(a 
Qe ~~ ®&, (Ks) 
/ ot ; oo? 
aa aoa 
: —on 
fn n 


n 


energy 


n 
n 


(Ks) 


Fig. 3.7 Chain reaction in uranium-235 


‘The chain reaction is self-propagating if the value of 


multiplication factor is more than 1. 
Multiplication factor, . 


No. of neutrons produced in one step 


” No. of neutrons produced in preceding step 


The value of K is 2.5 for 7° U and 0.5 for “8 U. This shows 


that if all other factors are ignored, natural uranium which is a- 


“mixture of three isotopes (2 U=99.29%, 235 YJ = 0.7%, 
234 1] — 0.0006%) is not suitable for a chain reaction. The 


. following two factors hinder the self-propagation of a chain 
reaction: : - 


(i) Leakage of neutrons from the system. — 

(ii) Presence of non-fissionable material. 

Tf the system 1s such that loss of neutrons is more than their 
production, it is a subcritical stage. When the loss of neutrons is 
equal to their production, it is said to be the critical stage and 
when loss of neutrons is less than their production, it is the 
over-critical stage. Over-critical stage is required for 
self-propagation of chain reaction. The leakage of neutrons from 
the system can be reduced by suitable choice of size and shape of 
the fissionable material. The second source of loss of neutrons is 
due to absorption of neutrons by non-fissionable material. It may 
be reduced by careful purification of natural uranium, i.e, natural 
uranium is submitted to the process of enrichment by which the 


_ percentage of 235 Win the sample is increased. The chain reaction 


can be carried out under two conditions: (a) uncontrolled (atom . 
bomb) and (b) controlled (nuclear reactors). 

Nuclear fuels: Nuclear fuels are of two types:. 

(i) Fissile materials: These, on bombardment with slow 
neutrons, directly produce a chain reaction leading to release of 
energy. Three fissile materials are in use at present. These are 
235) 239 by and 73 U; 7 U is obtained from natural sources 
while 7° Pu and “9 Uare obtained by artificial transmutation. 

(ii) Fertile materials: A fertile material is one which by 
itself is non-fissile in nature, can be converted into a fissile 
material by reaction with neutrons. “*U and ”’ Th are fertile 
materials. °° U is converted into 2°? Pu by the following nuclear 
reaction: 


‘ -f -B 
BU bn —9 Ut 29 S3Np* o> Pa 
: (23 min) - (2.3 days) 


Similarly. 7°” Th is converted into-23U, . -.- 00 = ee 


6 -8 
90 Th + gn —> 4oTh* 7 Pa* *U 


(23 min) {27 days)” 34 


Applications of nuclear fission: Three 
applications of nuclear fission are: 


(a) Atomic bomb, (b) Nuclear reactor and (c) Power plant. 


practical 


Fissile material Fissile material 


Before 
explosion | 


At the time 
of explosion 
y 
(a) 
Subcritical 
. 23514 
Subcritical 
235° 
NO Explosive 
Suberitical 
2351) 
TNT explosive 


(b) (c) 


Fig. 3.8 (a), (b) and (c) various designs used in the assembly 
of atom bomb. (The atom bomb is made in two or more 
pieces of the fissile material each smaller than the critical 
size. The moment these pieces are forced together, the 
bomb explodes with terrific violence). 
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(a) Atomic bomb: It is based on uncontrolled chain 
reaction. The shape and size of the fissionable material is so 
adjusted at the timé of explosion that it reaches the over-critical 
se In the atom bomb, a few pounds of fissionable material 

U or ™ Pu) is taken in the form of a number of separate 


pieces; each piece is in subcritical stage (surface area is very 
large, i.e., loss of neutrons is high.) At the time of explosion, 
these pieces are driven together rapidly by using explosives like 
TNT (trinitro toluene) lying behind each of 5 UJ pieces as to 
make one large piece of fissionable material. At this instant, the 
over-critical stage is achieved and a fast chain reaction is set- up. 
This results in a violent explosion with the release of tremendous 


amount of energy. Fig. 3.8 shows some of the designs of atomic - 


bomb. 

On account of explosion, the fragments fly apart with 
tremendous speeds. These collide with each other and kinetic 
energy is changed to heat energy. The amount of energy liberated 
in an atomic explosion is of the order of the detonation of about 
20,000 or 30,000 tons of TNT raising the temperature to about 
107°C. Air expands suddenly and a shock wave of great 
destructive impulse travels across. The explosion also produces a 
violent and intense blast of highly penetrating ‘y-rays which are 
exceedingly dangerous. The radioactive dust (fallout) scatters 
over wide areas causing contamination. 

The first atomic bomb dropped over Hiroshima city during the 
second World War in 1945 utilised 7*° U and the second atomic 
bomb dropped on Nagasaki made use of ™? Pu. India exploded 
their. first atomic bomb at Pokhran in Rajasthan in May 1974, 
and used 7°? Pu as the fissionable material. 


Nuclear Power and India (Recent Developments) 

Indian scientists recently repeated the history of 11th May 
1974. Our great scientists successfully conducted five 
underground nuclear tests at Pokhran range in Rajasthan, 24 
years after the nation had conducted the first such test. Three tests 
were conducted at 3.45 p.m. on 11th May 1998 and the two tests 
were made later on 13th May. These tests were up to the mark and 
as per our expectations. 

(b) Nuclear reactor or atomic reactor or atomic 
pile: The reactor is the furnace of the atomic age, the place 
where fissionable material is burnt for useful purposes. It is 
essentially an instrument designed to allow a niaclear chain to 
develop, under: control. All the neutrons produced are not 
allowed to carry out the chain reaction. A fission reactor has five 
main components: (i) fuel, (ii) moderator, (iii) control rods, 
(iv) cooling system and (v) shielding. 

@ Fuel: 
usually used as. fuel. Heterogeneous reactors employ the fuel in 

.the form of rods, plates or hollow cylinders. Homogeneous 
reactérs employ solution of the fuel prepared in the moderator. 

(iit); Moderator: 
with slow neutrons. Thus, the fast neutrons ejected during fission 
must be slowed down by collisions with atoms of comparable 
mass that do not absorb them. Such materials are called 

_ moderators. The most commonly used moderators are ordinary 
water and graphite. The most efficient moderator is helium. The 


Either enriched uranium or natural uraniunr is: 


The most efficient fission reactions occur. 
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Fig. 3.9 Nuclear fission ii: 3 nuclear reactor using enriched 
.. uranium 


next most efficient one is heavy water (D,0) b but ‘this i is so 
expensive that it has been used only in research reactors. 

(iii) Control rods: Boron or cadmium steel rods are used as 
control rods. These rods absorb neutrons and thereby control the 
rate of fission, e.g., N 


5B" + on! —» Li? + ,He4 

(iv) Cooling system: Liquid alloy of sodium and potassium 
is used as coolant; it takes away the heat to the exchanger. Heavy 
water, polyphenyls and carbon dioxide have also been used as 
coolants. 

(v) Shielding: The reactor is enclosed in a steel 
containment vessel, which is housed in a thick-walled concrete 
building: Operating people are sa by a shield of 
compressed wood fibres. 


Nuclear reactors are used: 


1. To produce “Pu and *°U: It is seaictea: that our 
limited supply of 7°°U will last only another 50 years. However, . 
non-fissionable **U and 7’Th are plentiful and can be 
converted into ?°Pu and “°U. This conversion can be done in 
special type of reactors called breeder reactors. These reactors 
not only produce large quantities of heat from fission but also 
generate more fuel than they use because neutrons are absorbed 
in a thorium or uranium blanket to form 7°°U and 7°Pu. This. 


_type of reactor requires the use of fast neutrons; no moderator is 


needed, but control is more difficult. Heat must be transferred 


very efficiently because py melts at a relatively low 


temperature of 640°C. The process in which non fissile Nuclei 
238 Uand 734, Th are converted to fissile nuclei in breeder reactors 


is given below: 


U4 bn —» Bu Np *s 8 Pu 


87 Bo 
22 Th +n —» 2p, 23 Pa——> 70 


170, 


2. To produce a strong beam of neutrons: These neutrons 
are used for making wanOs peires which do not occur in 
"nature. For example; /2P and $9Co are produced from the 


following nuclear reactions: 


'STe+ on ——» ‘BI+ le 


31 i 32 
isP+qn —— j5P 


igS+ on ——> j5P+j)H 


pe Co+ pn ——> s°Co 

The non-radioactive isotope is taken in aluminium capsule 
' which is placed inside the aluminium ball. The ball is rolled into 
the reactor where it is bombarded by neutrons slowed down by 
paraffin wax. The bornbardment is continued for required period, 
which varies from element to element. 

(c) Power plant (to generate electricity): The heat produced 
is utilised in generating steam which runs the steam turbines. The 
electric generator is connected to the turbirie. The électric power 
is obtained from the generator. The atomic reactor when used for 

‘production of electricity is termed power plant. 

The first nuclear reactor was assembled by Fermi and his 
co-workers at the University of Chicago in the United States of 
America, in 1942. In India, the first nuclear reactor was put into 

Operation at Trombay (Mumbai), in 1956. 


~ Turbine Generator 


Heat exchanger E 
‘Water 


Fig. 3.10 Power plant : Application of nuclear fission for the 
a“ production of electricity 


3.16 NUCLEAR FUSION 


A nuclear reaction in which" two lighter nuclei are fused 
together to form a heavier nuclei is called nuclear fusion. In 
such a process, more stable-nuclei come into existence as binding 
- energy per nucleon increases (see sec. 2.23). A fusion reaction is 
difficult to occur because positively charged nuclei repel each 
other. At very high temperatures of the order of 10° to 10’ K, the 
nuclei may have sufficient energy to overcome the repulsive 
forces and fuse. It is for this reason, fusion reactions are also 
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called thermonuclear reactions. Fusion reactions are highly 


exothermic‘in nature because loss of mass occurs when heavier 


nuclei is formed from the two lighter nuclei. To initiate a fusion 
reaction is difficult, but once it is started, its continuity is 
maintained due to huge release of energy. Some examples of the 
fusion reactions are given below: 
?H+ 7H—> 3He + 24.9 MeV 
PH+ PH—> $He + 2 hn +11.0 MeV 
1H+ PH—> $He + 20.0 MeV 
(H+ jH——> jHe+ $n +17.8 MeV 
jLi+ }H——> 2 $He +17.7 MeV 
_ Hydrogen bomb is based on fusion reactions. Energy released 
is so enormous that it is about 1000 times that of an.atomic bomb. 


In hydrogen bomb, a mixture of deuterium oxide (D,0) and 
trittum oxide (T,O) is enclosed in a space surrounding an 


‘ordinary atomic bomb. The temperature produced by the - 


Smplasion of the atoitiic bomb initiatés the fusion reaction — 


between ; 7H and ? Hreleasing huge amount of energy. The Hom 


hydrogen bomb was exploded in 1952. So far, it has not been 
possible to bring about fusion under controlled conditions. . 

It is believed that the high temperature of stars including the 
sun is due to fusion reactions. Bethe and Weizsaeker, in 1939, 
proposed that a carbon- nitrogen cycle is responsible for the 
production of solar energy in which hydrogen is converted into 
helium. The cycle is: 


2C+lH— GN+y 
UN—> Bow fe 

BC+ i MN+Y¥ 

N+ |H—> 80+y 
SO Ne fe 


SN+}H —> %C+ 3Het+y 


or . 4;H—> 4He +2 5e+ 24.7 MeV 


0 acts as a kind of nuclear catalyst. 


reaction: 


E. Saltpeter, in 1953, proposed a penny chain © 


a We IH > 2H Se4y 
7H+ j|H——> 3He+y 


3 1 4 0 : 
3He + ,;H——» ,He+ ,,;e+y 


4 }H——> 5He+2 {e+24.7 MeV 


As a potential source of commercial electrical power, the 
fusion process has several advantages over the fission reaction. 
(i) The quantity of energy liberated in the fusion is much greater 
than in fission. (ii) The products of fusion are non-radioactive. 
Fission produces many unstable. radioactive products. Fission 
reactors, therefore, pose a waste-disposal problem. 


SEER LRA ERT SM TN GACT TET RE MMSE ITO OUI OMT 
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Difference between Nuclear Fission and Nuclear Fusion 
rece a TEEPE, wrench ne CREE RSC RA 


Nuclear Fission Naclear Fusion © 


(i) This procéss occurs in|This process occurs’ in lighter 
heavy nuclei. * |nuclei. 
(ii) The heavy nucleus splits|The lighter nuclei fuse sins to 


into lighter nuclei of/form a heavy nucleus. 
comparable masses. 


(iii) The binding energy per|The biidiag energy per nucleon 
nucleon increases. increases. 


(iv) This reaction occurs at|This occurs at 
‘ordinary temperature. temperature. 


a very high 


(v) The energy liberated in one| The energy liberated in one fusion is 
fission is about 200 MeV. | about 24 MeV. 


(vi) This can be controlled. This cannot be controlled. 
(vii) Products of fission are|Products of fusion are usually 


usually unstable|stable and non-radioactive in 
radioactive in nature. nature. 
(viii) Percentage efficiency’ is| Percentage efficiency is high. 
less. % efficiency ; 
a =78 x 100=.0.38 
=——_ x 100= 0.09 | | 5* 931 
236% 931 [7H + 7H He + bn 
+17.8 MeV] 
' (ix) The links of  fission|The links of fusion’ reactions are . 
reactions are neutrons. protons. ; 


3.17 SYNTHETIC ELEMENTS INCLUDING 
TRANSACTINIDES 


Elements 43 (technetium), 61 (promethium), 85 (astatine) and all 
elements with Z > 92 do not exist naturally on the earth, because 
no isotopes of these elements are stable. The elements coming - 
after uranium (Z = 92) are named transuranic or transuranium 
elements. The actinide series which starts with the element 
thorium (Z=90) is complete at the element lawrencium 
(Z = 103). The elements with Z = 104—112 have been reported 
recently and are transition (d-block-fourth series) elements. 
These are called transactinides or super heavy elements. After 
the discovery of nuclear reactions early in the twentieth century, 
scientists between 1937 and 1945, set out to make the missing 
elements, i.¢., technetium, promethium and astatine and three 
members of the actinide series, neptunium (Z = 93), plutonium 
(Z = 94) and americium (Z = 95). The missing elements and all 
the. elements above atomic number 92 are called synthetic 
elements as these have been synthesised by artificial 
transmutation, iie., by nuclear reactions. The credit for the 
discovery of most of the transuranic elements goes to Seaborg. 
Much less is known about synthetic elements as these are 


radioactive’ and short-lived. This is also due to their limited - 


availability. The production of synthetic elements requires 

‘binuclear reactions between two positive nuclei that must be 
fused together against the force of electrical repulsion. Nuclear 
accelerators were used for this purpose. High energy deuterons 
were used to increase the atomic number of target nuclei by one 
unit. 


| ATT 
8 Mo + 2H—> %Tc+ bn 
. Bu+ 7H—> AENp+2)n 


Elements 93 and 94 were produced using neutrons (obtained 
during fission) instead’ of accelerated positive nuclei. Neutron 
capture by 7° U followed by B-emission gives isotopes with mass 
number 239. 
28 4 hy 239 y ois 239Np “B 239 Py 

” Pu is an o-emitter with half life of 2.4 x 10* years. 

* Agnencainie is formed in a similar way. 
239 py =”, ¥) 240 Dy (,¥) SY, wi py, =p 241 am 

As Z increases, the efficiency of nuclear reactions with 
neutron bombardment falls sharply. Instead, nuclides in the 
Z=95 to 99 range are bombarded with beams of helium nuclei 


accelerated in the cyclotron to form nuclides with atomic 


numbers 96 to 101. 


ss > Pu + 3He —> 22-Cm-+ | oft 
*osAm + 3He —> *;Bk + 2hn 
a 6cm+ 3He —> *3Cf+ hn on 
ge Cf + He —» 23)Fm+ 2)n 
53 Be 4 4He —> 35M + in 


Beyond element with Z = 101, increasingly heavier nuclei are 
used as projectiles. These projectiles are accelerated by linear 
rather than circular accelerators. Examples of nuclear reactions of - 
this type are the following: : 


46 Cm+ eee 254Nio +4)n 
22 of + RB» S7Lrt hn 


an VN — > "Es + 3hn 


%u+So— too Fm + 49n 


The superheavy elements have been discovered by 
bombardment with medium weight nuclei. For example, the 
elements with Z=107 and Z=109 have ben obaines. aby. 
bombardment of 7%%Bi with accelerated 3{Cr and 3$Fe — 


respectively. 
209 Bi+ 34Cr—> *Uns+2hn : 
"2 3 Bit 38Fe aes > 66Une + on 


The elements with Z = 104, 105, 106 and 108 have also been 
reported by the applications of the following reactions: 


4 Cf + 2C—> 27 Ung + 4h 


2aCf + 3N—> 7uUnp + 4hn 
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28 of 4 Qs Unb + 44m 
pa 
SPb+ 3 ®Fe — > 7 Uno + | ot 


The elements up to 100 (fermium) undergo radioactive decay 
mainly by emitting o-particles or B-particles. The elements 
become increasingly unstable as the atomic number increases and 
nobelium has a half life of only three seconds. With these heavy 
elements, spontaneous nuclear fission becomes the most 
important method of decay. 7*Cf could become a valuable 
neutron source. 

The IUPAC names for the elements Z > 100 have been 
given below: 

101 Unnilunium 
102 Unnilbium 
103 Unniltrium 


107 Unnilseptium’ 
108 Unniloctium . 
109 Unnilennium — 
110 Ununnilium 
}111 Unununium 
112 Ununbium 


Elements with an even number of protons in the nucleus are 
usually more stable than their neighbours with odd atomic 
numbers, i.e., they are less likely to decay. Also nuclei with both 
an even number of protons and an even number of neutrons are 
more likely to be stable. A nucleus is more stable than average if 
the numbers of neutrons or protons are 2, 8, 20, 28, 50, 82 or 126. 
These are called ‘magic numbers’ and can be explained by thie 
shell stricture of the nucleus. This theory also requires the 
inclusion of numbers 114, 164 and 184 in the series of magic 
numbers. The stability is particularly high if number of rotons 
and the number of neutrons are magic numbers. Thus, 745Pb is 
very stable with 82 protons and (208 — 82) 126 nentrons. This 
suggests that nuclides as Uuq (Z = 114, A = 278), Uug (Z=114, 
A = 298) and Ubh (Z = 126, A = 310) might be stable enough to 
exist. Considerable efforts are being made to produce elements 
114 and 126 but the present techniques have so far only 
succeeded in producing unstable isotopes. The elements up to 
Z = 112have been reported so far. 


HIUSTRATIONS OF OBJECTIVE QUESTIONS 


104 Unnilquadiuni 
105 Unnilpentium 
106 Unnilhexium 


19, The radioactive isotope $9 Co which is used in the treatment of 
cancer can be made by (n, p)reaction. For this reaction, the 
target nucleus is: 


(a) Ni = (b+) H#Co Oo) Ni (d) $C 


a |Manipal (Med.) 2007] | 


‘Ans. (c)] 
Hint; SNi+ hx —> $co+!H] 


20. '4N is attacked by GouPly: coaeed, helium ion, it emits a 
proton and: 
@3F 0 @% (d) "SF 

on [JEE (Orissa) 2007] 

(Ans. (b)] 


* 14 4 q i 
(Hint: ‘SN+3He —> YO+ {HI 


21. Annuclear.reaction of *4;,U with a neutron produces 3?Kr and 


two neutrons. Other re produced in this reaction is: 


(a) Te  (b) cs ©) '37Ba - (a) 
(VITEEE 2007) 
[Ans. (d)] 
Hint: 792U + Gn —> 3¢Kr + 'S,Ba + 2 gy). 
22. The Presa P of the nuclear. reaction 
33 U + pn —> P+ 2kr +3(hn)is: 
(a) '4!sr (b) ‘La © ' Bad) MC 
[JEE a nar 
fAns. (c)] 
{Hint: Let symbol of element is Mp. 
92=Z+ 36 
Z=56 
235+1=M+92+3 — ‘Hs 
M=141 


Thus, the element P will be '4! “Bal 


3.18 APPLICATIONS OF RADIOACTIVITY 


(a) Use of y-rays: y-rays are used for disinfecting food grains 
and for preserving foodstuffs. Onions, potatoes, fruits and fish, 
etc., when irradiated with y-rays, can be preserved for long . 
periods. High yielding disease resistant varieties of wheat, rice, 
groundnut, jute, etc., can be developed by the application of 
nuclear radiations. The y-radiations are used in the treatment of 
cancer. The y-radiations emitted by cobalt-60 can burn cancerous 
cells. y-radiations are used to sterilize medical instruments like 
syringes, blood transfusion sets, etc. These radiations make the 
rubber and plastics objects heat resistant. 

(b) The age of the earth: The age of the earth has been 
estimated by uranium dating technique. The uranium ore (rock) 
which is found in nature is associated with non-radioactive lead 
which is believed to be the end: product of radioactive 
disiritegration of uranium. A sample of uranium rock is analysed 
for °° Uand* Pb contents. From this analysis, let the quantities 


‘in mole be N = *8U mole, Ng = 7°U mole + ?Pb mole. 


. Applying disintegration equation, 
7 Me 2. 303 logio = No 


= 2.303 log ig 


206 pp 
Bay 


The value of ‘?’? can be calculated by putting the value of A . 
_ 2303 X ty i 


which is equal to ee 
206 
ji+—— ats 
0.693 sa 6 


hin 
“So, 
Here ‘¢’ corresponds to the age of earth which has been found to 


_ be 4.5 billion years. 
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Example 27. A sample of uranium mineral was found to 
contain 206 pb and 8 U in the ratio of 0.008: 1. Estimate the age 


of the mineral. (Half life of °° U is 4.51x 10° years) 


i 206 Pb 
2381] 


ty2 = 4.5110? years 


2.303 
Solution: We know that, t= ecelslaaIE log 
0.693 
Given, 


Ratio by mass of 7° Pb: 7°U = 0.008:1 


Ratio by moles of 2° Pp : 38 = 2008. Aerie 
~ 206 | 238 
Sor ye 2.303% 4.51% 10° Ba OE 10 iop [1 600092) 
0.693 
: . 
_ 2.303% 4.51% 10” 9 spay, 
0.693 7 
_ 0.0412 


x 10” = 0.05945 x 10° years 
0.693 


Hence, age of the mineral is 5.945 x 107 years. 


(c) Radio carbon dating: By using the half life period of 
ss ee it is possible to determine the age of various objects. In 
living material the ratio of '4C to °C remains relatively constant. 
When a tissue in an animal or plant dies, '*C decreases because 
the intake and utilization of '*C do not occur. Therefore, in the 
dead tissue the ratio of '*C to eC would decrease, depending on 
the age of the tissue. The age of-the dead tissue is determined in 
the following way. A sample of dead tissue is burnt to carbon 


dioxide and the carbon dioxide is analysed for the ratio of *C to. 


2c From this data, the age of the dead tissue can be determined. 
Thus: 


2.303 (N 
A=—— lo —~ 
foe l N 
0.693. 2.303 Ny ) 
oe ag Oe wil 
- ty, of C f N 


N, = Ratio of C 4 /C ™ in green plant or atmosphere: 
N = Ratioof C4 /C” in wood | 
or 
- No = Activity of green plant per unit mass 
(N= Activity of wood per unit mass 


Although, the method is suitable to a variety of organic 
materials, accuracy depends on the half life to be used, variations 
in levels of atmospheric carbon-14 and contamination. (The half 
life radio carbon was redefined from 5570 + 30 years to 5730 + 40 
years by IUPAC). The rapid disintegration of carbon-14 
generally limits the dating period to approximately 50,000 years. 


Example 28. The aiuunt of af C isotope in a piece of 


wood is found to be one-fifth of that present in a fresh piece of 
wood. Calculate the age of wood. (Half life of MC = 5577 years) 


Solution: We know that, ¢ = —— aes Bx lo @(%2) 
Given, N= we 
oe 7 = 2:303X 5577 1, 
; 0.693 
or pep ce le ROT 08019653 yan 
0.693 


Example 29. A piece of wood was found to have sh aes 
ratio 0.6 times that in a living plant. Calculate the period when 
the plant died. (Half life of '* C= 5760 years) 


We know that, t = 2008 Ste: log No) 
0.693 N) 


_ 2.303 x 5760, ( 1 ) 
0.693 0.6 


003% 57100. -oa00 
0.693 


= 4213 years 


(d) Potassium-Argon method: The decay of radioactive 
potassium isotope to argon is widely used for dating rocks. The 
geologists are able to date entire rock samples in this way, 
because potassium-40 is abundant in micas, feldspars and 
hornblendes. Leakage of Argon is however problem if the rock 
has been exposed to temperature above 125°C. ' 

(e) Rubidium-Strontium method: This method of dating 
is used to date ancient igneous and metamorphic terrestrial rocks 
as well as lunar samples. It is based on disintegration by beta 
decay of *’ Rb to ®’ Sr, This method is frequently used to check 
potassium-argon dates, because the strontium daughter element is 


Solution: 


So, 


. not diffused by mild heating like argon. 


ILLUSTRATIONS OF OBJECTIVE QUESTIONS 


23. A wooden artifact sample gave activity of 32 B-particles per 
second while the freshly cut wood gave activity of 64 
B-particles per second in G. M. counter. Calculate the age of 
the wooden artifact (f,;. of '4C = 5760 yrs): 


(a) 11520 yrs {b) 5760 yrs 


(c) 2880 yrs (d) 1440 yrs 
[Ans. (6)] | | 
(Hint: 0.693 _ 2.303 boi, ( Xa) 
2 hy2 : tage 
0.693 2.303, (S) 
5160 Hae ae 
Lage = 5760 yrs] 


24. ‘The analysis of a rock shows that the relative number of 206 ph 
and 78 y atoms is Pb/U = 0.25. If 4,5 of 381 is 4.5 10° 
yrs, then the age of the rock will be: 


@) 5 om 3 4. 5x 10”) log 3 


174 


25. 


26. 


27. 


28. 


‘uranium to lead is now 1: 3? 


~ (e) 13.5 X10° years 
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\ 
(b) on (4. 5x 10°) log (3) 
se ; 
—— 45x10 log (4 
(c) 0.693 ( ) log (4) 
co 2323 asxr0"ytoe (4 ‘) 
[Ans. (a)] : 
[Hint: 7 = 0.25 x +P =1.25 
U+ Pb _ 195 
U 
No 239522 
N 
0.693 _ 2.303 (Xs) 
ha t N 
0.693 _ 2.303 (} 
5 = log} — 
45X10" tage 4 


2.303 5 
tugs = F503 Gaps 5% (| ) 


Assuming that about 200 MeV of energy is released per. 
- fission of ee 92 U nuclei, then the mass of 23514 consumed per 


day in a sa reactor of power 1 megawatt will be 


‘ epptoatnately. 
(2) 107g (b) lg ©) 100g (A) 1000g 
[Ans. (b)] . 
(Hint: 1 MW =10° x 24 x 60x 60 
8 
Number of fissions = Malic BoB cE = 2.7x 107! 


200 x 10° x 1.6.x 1079 
Mass of uranium = 2.7 x 107! x 235 1.66 x 10 = 1.05 g] 
What is the binding energy of the hydrogen nucleus? 


(a) Zero (b) 13.6eV 

(c) More than 13.6 eV (d) Infinite 

[Ans. (a)] 

[Hint: Nucleus of hydrogen has only one proton; hee its 


' binding energy will be zero.] 


Which of the following is not the inverse square law force? 
(a). Electric force (b) Gravitational force 

(c) Nuclear force 

(d) Magnetic force between two poles 

[Ans. (c)] 
[Hint: Nuclear forces are short range forces which do not 


obey inverse square law.] 


Lead is the final product formed by a series of changes in 
which the rate determining stage is. the radioactive decay of 
uranium-238. This radioactive decay is first order with half 
life of 4.5 x 10° years. What would be the age of a rock 
sample originally leadfree, in which the molar proportion of 

[PET (Keraia)} 2006] 
(b) 2.25 x10 years 


(d) 9x 10° years 


(a) 1.5 x10° years 
(c) 4.5.10? years’ 


[Ans. (d)] 


_ [Hint: a _ 2383 log (22) 


t Vv 2U loge 


0.693 _ 2.303, (4) 
45x10 tye OT 


“tage = 9 X 10°. years] 


(f) Use of radioisotopes (tracers): Tracers have been used 


in the following fields: 

(i) In medicine: Radioisotopes are used to diagnose many 
diseases. For example, arsenic-74 tracer is used to detect the 
presence of tumours; sodium-24 tracer is used to detect the 
presence of blood clots and iodine-131 tracer is used to study the 
activity of the thyroid gland. It should be noted that the radioactive . 
isotopes used in medicine have very short half life periods. 

y: This isotope is used in the treatment of joint effusion 

and arthritis. 

°° Fe: Used in the detection of anaemia. 


2p: This isotope is used in the treatment of polycythaemia, 
_ thrombocythaemia, skeletal metastasis, prostate SR 
and breast SR. ; 

Nuclear Medicine Scan: It is an advanced nuclear ~ 
technology used in diagnosis of diseases. Magnetic Resonance 
Imaging (MRI), a diagnostic medical imaging technique utilizes 
the principle of nuclear magnetic resonance. The first images 
using magnetic resonance were published in early 1970s, and 


‘medical applications have accelerated in the world during the 


decade of 1983 to 1993. MRI is now a most versatile, powerful 
and sensitive diagnostic imaging modality available. Its medica] 
importance can be summarised briefly as having the ability to 
non-invasively generate thin section, functional images of any 
part of the body at any angle and direction in a relatively short 


- period of time. MRI also visualizes the heart with exquisite 


anatomical detail at any angle and direction. 

The principle of MRI is applicable in human body because we 
are all filled with small biological magnets, the most abundant and 
responsive of which is the nucleus of hydrogen atom, the proton. 

Computerized Axial Tomography: . Computerized Axial 


.Tomography (CT or CAT), non-invasive diagnostic technique . 


uses a-type of X-ray device that provides a clear view of soft 
internal organ tissues in the body. CT is used to diagnose various 


- conditions, in particular cancer. A CT scan. is the computer 


analysis of a sharply limited, thin X-ray beam passéd 
circumferentially through an area of the body, producing au 
cross-sectional image, or slice. 

The modern CT scanner comprises five major parts. A 
high-speed X-ray tube cooled by oil, air and water forms the 
X-ray source. Its X-ray detector, normally a bank of about 1,000 
solid state-crystal microprocessors coated with caesium iodide, 
receives the attenuated X-ray signal as it passes through the 
various tissues and bones of the patient being examined. The 
signal is electronically converted to binary data, which is read by 
the computer—the heart of the CT imaging system. The CT has a 
gantry, a framework that is mounted in such a way that it 
surrounds the patient in.a vertical plane, and contains a rotating 


‘sub-frame onto which the X-ray source and detectors are 
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mounted. A patient table (or couch) is positioned perpendicular 
and axial to the gantry so that it is able to travel along that axis. 
Topographic images are produced by using an X-ray source 
and a detector moving in a coupled way relative to the patient. In 
CT a thin fan beam of radiation rotates in a circular or spiral 
motion-around the patient. Thousands of projected X-ray signals 
are reconstructed by computer algorithms to produce digital CT 
. images, displayed by a high-resolution monitor. In this way the 
whole body can be imaged from head to toe. 


Radiation Dosage in the Radiotherapy of Cancer 
Radiations and the particles emitted by radioactive nuclei are 
harmful for living organisms. These radiations cause genetic 
disorders by affecting DNA. 
Effect of biological radiations can be measured in terms of the 
unit called RAD. 
RAD = Radiation absorbed dose 
1RAD= The radiation-which deposits 1 x 10° J of 
energy per kilogram of tissue. 
In order to measure biological destruction by radiation, an 
other unit REM was introduced. 
REM = RAD x RBE 
RBE = Relative biological effectiveness 
RBE for o-particle = 10 unit 
_RBE for and y radiation = | unit 
RBE for neutron = 5 unit , 
’ (ii) In agriculture: 


This study has led to an improvement in the preparation of 
fertilizers. ‘*C is used to study the kinetics of photosynthesis. | 

(iii) In industry: Radioisotopes are used in industry to 
detect the leakage in underground oil pipelines, gas pipelines and 
water pipes. Radioactive isotopes are used to measure the 


SIITS 
Example 1. One mole of A present in a closed vessel 
undergoes decay as: 


m4 —» "8B + 2(3He) 


What will be the volume of nn gas collected at STP after 20° 
days (t,;. of A =10days)? 
Solution: We know that, 


N=N G) where, N 


2 
N= (5) 1 
2 4 
oF et ak 1 3 
Nuuwwcr of decayed moles = 1—- — = — 
4 4 


= remaining mole of A 


’ 


Number of moles of helium formed 
= 2x number of cecayed moles of A = 2x “ = ; 
Volume of helium at STP = sx 22.4= 33.6 litre 


@ 


The use of radioactive phosphorus **P- 
in fertilizers has revealed how phosphorus is absorbed by plants. . 


thickness of materials, to test the wear and tear inside a car engine 
and the effectiveness of various lubricants. Radioactive carbon 
has been used as a tracer in studying mechanisms involved in 
many reactions .of industrial importance such as alkylation, 
polymerisation, catalytic synthesis, etc. 

(iv) Analytical studies: Several analytical procedures can 
be used employing radioisotopes as tracers. 


1. Adsorption and occlusion studies: A small amount of 


radioactive isotope is mixed with an inactive substance and the © 


activity is studied before and after adsorption. Fall 4 in activity 
gives the amount of substance adsorbed. 


2. Solubility of sparingly soluble salts: The solubility of 


‘lead sulphate in water may be estimated by mixing a known, 


amount of radioactive lead with ordinary lead. This is dissolved 
in nitric acid and precipitated as lead sulphate by adding 
sulphuric acid. Insoluble lead sulphate is filtered and the activity 
of the water.is measured. From this, the amount of PbSO, still 
present in water can be estimated. : 

-3. Ion-exchange technique: lon exchange process —of_. 
separation is readily followed by measuring activity of ~ 
successive fractions eluted from the column. 

4. Reaction mechanism: By labelling oxygen of the water, 
mechanism of ester hydrolysis has been studied. 


ye gr. 
RC, +HOH —> R— &, +R’ OH 
OR’ OH 


5. Study of efficiency of analytical separations: The 
efficiency of analytical procedures may be measured by adding a 
known amount of radioisotope to the sample before analysis 
begins. After the completion, the activity is again determined. 
The comparison of activity tells about the efficiency of 
separation. 


MISCELLANEOUS NUMERICAL EXAMPLES, sur | 


Example2. '!7 has half life period 133 hour. After 79.8 


131 Twill remain? [CBSE (PMT) 2005} 


n 
Solution: N=N, ;) 


hour, what fraction of 


Example 3. 4 sample of “CO, was to be mixed with, 
orate CO, for a biological tracer sie dallas ‘In order that 


10° cm? of the diluted gas at NTP should have 10° dis/min, how 


many wCi of radiocarbon-\4 are needed to prepare 60 L of the’ 
diluted gas? 


Solution: 10cm? of the diluted “i at NTP 
= 10 distant = we dps 


*. 60 L (60,000 cm 13) of the dilute gas at NTP 
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_ 10* x 60,000 
“60x 10 
Thus, no. of wCi of '*CO, needed 
10* x 60,000 
60 x 10x 3.7x 104 
= 27.03 Ci 


(1uCi = 3.7 x 10* dps) 


Example 4. A radioactive nuclide is produced at a. _.. 
constant rate of ‘a’ per second. Its decay constant.is X. If Ny be +». oe 
. the number of nuclei at time t=0, then what will be they... ae 


maximum number of possible nuclei? "x ~ 


@> (6) No +> (c) No @) *+No 
Solution: Maximum number of nuclei will be present when 
Rate of decay = Rate of formation 
AN =@ 
cs) aoe es ach & ara 
ny 


Example 5. The half life of ?'? Pb is 10.6 hour. It under- 
goes decay to its daughter (unstable) element 212 Bi of half life 
60.5 minute: Calculate the time at which the daughter element 
will have maximum activity. 


Solution: Ap, a V829 2 posses 107 min™ 
10.6x 60 
ai = 9-693 11.4510 min- 
60.5 
ae 2.303 ‘te dpi 
Api om App rpp 
7 2.303 11.45x 107 
(11.45 107 — 1.0896x 107 ) 1.0896 x 107 


= 227.1 min 


Example 6. 4 radioactive isotope is being produced at a 
constant rate x. Half life of the radioactive substance is ‘y’, After 
sometime, the number of radioactive nuclei becames constant, 
the value of this constantis...... 

Solution: At the stage of radioactive equilibrium, 
Rate of formation of nuclide = = Rate of decay of nuclide 
x=AN 


“Rh (n2y/y Ind 
_Example7. *33U by successive radioactive decay 


changes to ae » Pb. A sample of uranium ore was analysed and 


found to contain 1.0 g of 38 U7 and 0.1 g of 206 pb. Assuming that ~ 


all © Pb has accumulated due to decay of **°U, find the age of 
the ore (half life of ?8U =45 x 10° yrs). 


Number of moles of 78 U= tI 


~ Solution: 
“ 238 


‘Number of moles of 7°Pb = al 
206 
Applying the relationship, 
2.303 206 me 
t= log | 1+-—— 
i 238 4 
OL 1 


= arias x 4.5x £ 100g 1+== ts 


a 
= 7,098 x 10° years 


Example 8. Calculate the mass of C 4 (half life = 5720 
years) atoms which give 3.7 x 10 disintegrations per second. 


Solution: Let the mass of '*C atoms be mg. 


x 6,02 x 1073 


‘ Number of atoms in mg of “C = a 


= oes iae 625 = 3.84107" sec! 
half life 5720x365 x 24 x 60 x 60 
We know that, Pe N 
dt 
ie, Rate of disintegration = A x no. of atoms 
3.7x 107 = ce Ax 6.02% 10" 


5720x 365 x.24% 6.x 60. ot 
a! 84x 19072 2mne6.02 fo?" 
14° 
‘So, m=2.24x 107 g 


“Example 9. Prove that time required for 99.9% decay ofa 
radioactive species is almost ten times its half life period. 


Splunon: . We know that, ¢ = ee sae log No 
: a N 
N,=100, N= (100 - 999) = 0.1 
So, Time a for 99.9% decay, t = a log ~ 
_ 2.303 ee 
ny 
Half life paiods acid 
go: . Titme required for 99.9% decay _ 2.303x3. 
: Half life period a 0.693 
=10 


Example 10. Half life of a radioactive substance A is two. 
times the half life of another radioactive substance B. Initially the 
number of nuclei of A and B are N, and Ny respectively. After 
three half lives of ‘A’, number of nuclei of both become equal. 
The ratio of Na will be: 

Nz 
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1 1 “| 1 
a) — b) - co - = 
(a) ; (b) : (c) ; @) F 
Solution: We know that, the amount remaining after n half 
lives can be calculated as: 


3 
Remaining amount of A=N , 3) 


e Nz, 64 8 


~~ Example U1. 1.0 g of 8, Au (t,,2 = 65 hours) decays by 


B-emission to produce mercury. 
(a) Write the nuclear reaction for the process. 
(6) How much mercury will be present ae 260 hours? 


Solution: (a) 198 Au = goHg + _ re 
(b) No. of half lives in 260 hours = = Os =4 


4 
Amount of gold left after 4 half lives = =) = 7 g 


Amount of gold disintegrated =1— == = . g 


Amount of mercury formed = 2 = 0.9375 g 


Example 12. Calculate the probability (P) of survival of a 
radioactive nucleus for one mean life. 


Solution: Probability for survival = ~ =e™ 
eee: 0 
‘ 1 
t= mean life = — 
nr 
Probability = e7**/* = 2 
: é 
Example 13. 1 milligram radium has 2.68 x 10'° atoms. 


Its half life period is 1620 years. How many radium atoms will 
disintegrate from | milligram of pure radium in 3240 years? 


Solution: No. of half lives in 3240 years = = =2- 


2 
Amount of radium left after two half lives = 1x 8 
= 0.25 mg 


Amount of radium disintegrated = (1- 0.25\= 675mg , 


177 . 


No. of atoms which have disintegrated = 0.75 x 2.68 x 10'8 
= 2.01x 10" 

Example - A certain radioisotope 7 4X (Half life = 10 
days) decays to oa = 4y¥ If g atom of eS G! is kept in sealed vessel, 
how much helium will accumulate in 20 days? 

Solution: | 4X —> o73Y + {He 
- In two half lives, of the isotope ES has disintegrated, i.e., 
: g atom of helium has been formed from - g atom of 4y : 
Volume of | g atom of helium = 22400 mL 


- So, Volume of : g atom of helium = “ x 22400 mL 


=16800mL 


Example 15. Binding energy per nucleon of ? H and 8c 


are 1.1 MeV and 7 MeV respectively. Calculate the amount of 
energy released in the following process: 


[H+ 7H —> He 
Solution: Amount of energy released 
= % Binding energy of products’ 
~ X Binding energy of reactants 
= [4x 7]-[4x1.1] 
= 23.6 MeV 


Example 16. Calculate the energy assoviated with the 
following nuclear reaction: 


tH — Mg + 


Al. + 2 >He 
26.9815 amu 20141 amu 24.9858 amu 4.0026 ante 
Solution: Mass defect = (26.9815+ 2. 0141) 

~ (24.9858 + 4.0026) 
= 0.0072 amu 

Energy of the reaction = 0.0072 x 931 MeV 

= 6.70 MeV 


Example 17. 4 radioactive isotope zA™ (f\;. = 10 days) 
decays to give 7_,B™” 2 stable atom alongwith c.-particles. If 


m g of ‘A’are taken and kept in a sealed tube, how much ‘He’ will 
accumulate in 20 days at STP? 


’ Solution: ,A” —> 7_,B™ +3[,He*] 
Mole of A= =1 
iii 


Number of half lives = 20/10 = 2 


178 


2: 
2 4 
Decayed moles = 1-1/4=3/4 


Moles of ‘He’ formed = 3 x 3/4=9/4 
Volume of ‘He’ at STP = 22.4 x ; 


- = $0.4 litre 


7 Example 18. A sample of pitchblende is found to contain 
50% uranium and 2.425% of lead. Of this lead only <s was: 
Pb* isotope. If the disintegration constant is 1.52 x 107° yr, 


how old could be the pitchblende deposits? 


Moles of U7*8 = ee aot 2.1x 107 
100 x 238 


b™ a 2,425 93 
100 100 206 


N= (+ y)= 21x10? #010910" =2.209%10° 
N=x=21x10> | 


4 = 2303 tog (7 ) 
t N 


2.209 x 107 
2141x1073 


Solution: 


Moles of P =0.109x107 


1.521071? = 2303 jg 
t 
t= 3.3x 10° years 

Exan_ 19, On analysis, a sample of uranium ore was 

found to contain 0.277 g of 9 Pb and 1.667 Z Of VU” 8 The 

. half life period of U * 238 is 4.51x 10° yrs. If all the lead were 

: assumed to have come from decay of 9,U a8 » what is is the age of | 
eS the earth? 


Solution: ‘Moles of U238 = 1.667 
s 238 
‘Moles of Pb? = 0.277 
- 206 
1.667 0.277 
. 0 = ——_— +—-—— 
ee. 238 206 
and ~ 1.667 
. 238 
= 2303 jog No 
r N 
1.667 _ 0.277 
_ 2303x451 10° 238 206. 
0.693 0 1.667 


ig 238 

= 1.143 x 10” yegrs 
Example 20. ,,K “ 
nature. The human body contains 0.35% potassium by weight. 


consists of 0.012% potassium in 


Calculate the total radioactivity resulting from ,,K a decay ina 


75 keg human body. Half life of 19K 9 is 13x 10° years. 
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Solution: 
Weight of radioactive potassium = ES x ue 
; 100 100 
= 0.03152 


Activity = 0.693 - Weight 


——_—--—__ x Avogadro’ s number 
tijo Atomic weight 


Activity =__——0-693 910315. § 993. 1073 
13x 10? x 365 24x 60 
=4.81x 10° dpm 
Example 21. The sun radiates energy at the rate of 


4x10" Jsec”!. If the energy of fusion process is 27 MeV, 


calculate the amount of hydrogen that would be consumed per 
day for the given process. 


4|H —> 3He+2Y7e. 
27 MeV = 27x 10° x 1.6x 1079 
= 43.2x1073 J 


"Solution: 


- “Energy radiated by the sun per day 
=4x 10% x 3600x 24 J day 
= 34.56 10° Jday™ 
43.2x 1078 J of energy is obtained from 
= 4 amu of H 
=4%1.66x10 gofH 
34.56 x 10°° J of energy is obtained from 


_ 4x 1.66x 10” 


moe Ge x 34.56 x 10° 
1X 


= 5.31x 10" g 
* Example 22. A radioactive isotope X with half life of 
1.37x 10° years decays to Y, which is stable. A sample of rock 


from moon.was found to contain bath the elements X and Y in the 
ratio 1:7. What is the age of the rock? 


Solution: We know that, a 
0.693 2.303 (* ) 
= log | — 
hy tage NV 
0.693 - — 2.303 1+7 
= = log ig | — 
1.37 10 tage 1 


tage = 4. 11x 10° years 


Example 23. A sample of radioactive substance shows an 
intensity of 2.3 millicurie at a time ‘t’ and an intensity of 1.62 
millicurie, 600 seconds later. What is the half life period of the 


radioactive material? 
ec: 2.303 ioe [% ) 


~ Solution: 
olution N 
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0. 693 _ 2.303 ( a 
—— log ; — 
ty). 600 1.62 


ty;2 = 1187 seconds 


ak 24. What mass of ?*°Ra, whose t,,. = 1620 yrs 


will give the activity of 1 millicurie? 


fr 


Solution: 
Aeivivie x 6.023 x 1073 
tj. At. wt. 
3.7x 10" = 0.693 ” x 6.023 x 10” 
1620x 365 x 24 x 3600 226 
so w=10° g 


1. 


4, 


SUMMARY AND IMPORTANT POINTS TO REMEMBER 


Radius of nucleus is calculated as: 

R=R, AB 
where, Ry = 1.1x 10° m, A = Mass number of nucleus 
Area of cross-section of a nucleus is expressed in barns 
(1 barn = 10-4 cm?). 
3 x Mass 
4nR3 
Density of all nuclei is constant, nuclear density is very large 
(= 10!’ kg/m? ) compared to atomic density (= 10° kg/m? ). 
1 amu = 1.66x 10°?’ kg 


Nucleus density p = 


‘In terms of energy, lamu = 931.5MeV 


Rate of radioactive decay is given as: 


Rate = i x Sy 6.023 x 102) 
.. Atomic mass 


= 0.693, 6.023x 102 
‘thy A At. wt. . 


(i) Radioactivity is the phenomenon of spontaneous 
emission of certain radiations. It was discovered by 
’ Henri Becquerel in 1895. 

(ii) Marie Curie and her husband Piere Curie isolated 
two radioactive elements polonium and radium. 
Radium is 2 million times more reactive than 
uranium, it is the most radioactive element. 

(iii) Radium and polonium were isolated from 
pitchblende (U;0,). 

(iv) Francium is a liquid Macloactive element in natural 
State. 

(v) Radon is a gaseous radioactive element in natural state. 

(vi) at 2 Uis the heaviest known natural element and it is 
idigartive. 

(vii) a-particles evolved from radioactive elements 
possess energy up to about 10 MeV. They can 
penetrate an aluminium sheet of 0.02 cm thickness. ° 

(viii) B-rays can penetrate an aluminium sheet up to 0.2 cm 
‘thickness. 

(ix) y-rays are high energy dicomuphene radiations of 

_ Short wavelength. of the. order of 10 pm. These. are 
highly penetrating rays; they can penetrate up to 100 
* em thick aluminium sheet.. - 

(x) After y-decay, the daughter nuclide is the nuclear 

isomer of parent nuclide which differs in half-life. 


(xi) Potassium uranyl sulphate K(UO, )(SO,), was the 
first compound found to be radioactive. 
(xii) Tritium > His the lightest radioactive element. 
Units of rate of decay: 
1 curie (Ci) = 3.7x 10'° dis sec™ 
1 millicurie (mCi) = 3.7x 10” dis sec 
1 microcurie (Ci) = 3.7 x 10* dis sec”! 
1 rutherford (Rd) = 10° dis sec! 
1 millicurie (mCi) = 37 rutherford 
1 becquerel (Bq) = Idis sec™! 
Kinetic equation of radioactive decay: : 


-1 


(Exponential form) 


=- 7 log io {72} (logarithmic form) 


A = Decay constant 
No = Initial amount of radioactive element 
N = Amount remaining after time ‘?’ 


Half life th = oe 
A 
Average life t = pees 
A 0.693 
t= 1.44 x try2 


Amount remaining after ‘n’ half lives can be calculated as: 


1)" 
waNe(3) 


_ Total time 
Half life 
(i) A radioactive element undergoes 50% decay i in one 
_ half life. 
(ii) The time in which 63.2% radioactive element - 
. undergoes decay is called average life t. ne 
-(ii1) The radioactive element undergoes 99.9% decay in 
10 times of half life. 
(iv) An element undergoes’ 75% decay: in twice of the 
half life. 


(v) Total life span of a radioactive element is infinite. 
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9. 


10. 


11. 


12. 


13. 


14, 


15. 


16 


- 


17. 
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Some radioactive elements undergo o and B-decay in parallel 
path. 


223Fr+ 3He 
a Ac 


soTht+ Je 


Overall decay constant K = K, + K, 
K 
Fractional yield of Fr = a 


“Fractional yield of Th = = 


At equilibrium, 
; A» B-—C... 
Amountof‘ a? Ag _ ty2B 
Amount of ‘B’ Ag tyj.A 
If an element undergoes simultaneous and B-decay, then 
TaTp 
ANZA, +Ag3 t= 
Ty +T, 


a-particles and y-rays have line spectra, but B-particles have 
a continuous spectrum. 
Geiger-Muller counter is used for detecting a and 
B-particles, cloud chamber is used for detecting radioactive 
radiations and for determining their paths, range and 
energy. In scintillation counter, the particles of radiations 
are detected by the flashes of light produced in the 
scintillator. 
In every nuclear reaction ‘oaresenea transformation of one 
nucleus to other, the conservation - of charge number, 
nucleons, energy and linear momentum is followed. 
a-emission takes place when n/ p ratio is lower than required 
for nuclear Sability: 

4;H—> 3He- +21. 
&~-particle emission shifts the Sachi element two positions 
left in the periodic table. 

44 —-4He— 


oe] + energy 


M-4 
z-2 3° 


(Here, A and B are isodiapheres to each other.) 
B-emission takes place when n/p ratio is higher than the 
required value for nuclear stability. a 


hn—> |H+ ae + antineutrino + energy 


- Emission of B-particles increases the atomic number by one 


hence, the daughter element occupies one position nett to 
the parent element. 
MB 


_ M 

if z4~- Cy 12) Z+1 
Here, A and! B are isobars; thus B-emission is isobaric 
transformation. 


‘In artificial radioactive elements, positrons are evolved 


when #/ p ratio is lower than the required value for nuclear 
stability. 


18. 


19 


. 


20. 


al. 


22. 


23. 


Re 


i 
hn 


26. 


iH—> pn +, ve + neutrino + energy 


Positron emission aad K-electron capture are similar 


. because both processes lower the number of proton by one 


unit. 


Number of c-particles ‘xm acd Rad . 
Number of B- aula can be calculated using the following 
relation: 

There are three natural and one artificial decay series: 
Uranium series (4n + 2) 


.. (ii) 


238 eu 206 6 Pb 
(8a, 6B) 
Thorium series (41) 
232 +p 208 pp 
99 1 > 29 = 
(6a, 4B) : 
935 Actinium series (4n + 3) 207 
9) U > “goPb 
(70. 4B) 
Artificial series is also called neptunium series: 
(4n+}) 
237 209 
93 Np ———> “33Bi 
(7a, 4B) 


if both parent and daughter elements belong to actinide 


series (89-103) then they will belong to same group, ie., 


third group. 
238 _ 4He = ‘Th 
ard group , sae group 
a<Bp<y 
~————> Increasing penetrating power 
a>p>y 
———— > Decreasing ionising power 
a>B>y 


——— Decreasing luminosity on ZnS screen 
Emission of one ‘a’ and two ‘8’ particles form an isotope of 
the parent element : 

4 ~ 3He-2[ Pe] — “34 
There are only 81 stable elements having one or more 
non-radioactive isotopes. 


4, No stable isotope exists for the elements above oe 3 Bi. Thus, 


bismuth is the heaviest stable element. 


Two elements earlier than bismuth (Ic and Pm) are 
radioactive. 


Isotope Use 

Co Cancerous tumour detection and treatment. 

wy Detection and treatment of thyroid 
disorders. 

»° Be Anaemia. 

ap Leucaemia and agriculture research. 

4Na Location of blood clots and circulatory 
disorders. 

74 As Detection of presence of tumours. 

ay Treatment of joint effusion and arthritis. 
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Used in the study of mechanism of 
photosynthesis. 

Radioactive Brain scan. 

technetium 


Note: 


Bo 


Radioactive isotopes of carbon, chlorine and nitrogen 

ate also used in the study of various reactions. 

27. Radiocarbon dating: This method is used to determine 
age of wood. 


0.693 2.303 No 
ry ys log io W 
tia Cc tage 


N,=“C/ °C in freshly cut wood or in the atmosphere 
or activity of freshly cut wood. 
N ="c/"C in the given sample of wood or r activity, 
of given sample of wood. 7 


28. Uranium dating or rock dating: tis ar to calculate the 
age of a sample of rock and mineral, i.e., before how many 
years it was separated from the fire ball of earth. 


\ 
= 2303 top, Na) 

UN : 
0.693 _2.303,,, (No 
3 18 10 WV 
tie FU tage 

No={ e+ 

4238 206 
im 
238 


where, ¥ = amount of uranium in the sample 
w= amount of *°°Pb in the sample 
29. The force which binds the nucleons together in the nucleus is 
called nuclear force. These forces aré short range forces 
operating over very small distances (1 fermi, 197! mi). 


Nuclear forces are 10°' times stronger than electrostatic 


forces. 


30. Hideki Yukawa of Japan discovered mesons in 1935. 


Protons and neutrons are held together by their fast mutual 
exchange. 


: H+ Be > ot 
on+ ,°n—> |H 
1H+ jn —> |H 
\n+ > u—> gn 
31. Artificial nuclear transmutation: Conversion of one 
element to other by bombardment of a stable element with 
high speed subatomic particles. The first artificial 
Bon aton was achieved by Rutherford in 1915 when he 
bombarded ‘4 Nwith aay emitted by 7) Po. 
I'N+ 53He —> 120+ |H 


BAl+ yn—> pMe+ jH 


32. 


35. 


36. 


37. 


38. 
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The nucleus bombarded is called target; the particles used 
for bombarding are called projectiles and the particles 
emitted are called subsidiary particles. 

Particle accelerator: Various particle accelerators are 
used to give projectiles like protons, deuterons, o-particles 
and other cationic projectiles having sufficiently high kinetic 
energy to overcome the electrostatic repulsions of the target 
nuclei. Commonly used particle accelerators are linear 
accelerators, cyclotron and synchrotron. Synchrotron is used 
as proton accelerator. 


. Reactions of nuclear transformation are represented as: 


Bes 3 $He—> 2C+5n or 3Be(an) '2C 
Ti Na (pn) 72Mg 


PAL (mc) 77a 


Nat] 1H—> ? 3 Mg'+ on or 


ee 0” ——> j;Na+ He. or 


. Artificial radioactivity was first studied by Irene Curie. In 


this process, a stable nucleus is converted to radioactive 
isotope on bombardment of ‘suitable particle.’ Radioactive~ 
isotope produced ndereoes seeticiet decay. 


HAl+ 3He— > 72P + hn 
; ‘Stable Usa 


igP—— > faSi+ fe (ty = 2.55 min) 
Nuclear ei is the process in which a heavy nucleus 
breaks up into two smaller nuclei on bombardment with 
neutrons. Energy is released in the process of fission along 
with freshly prepared neutrons. 
Ba + SKr43 on 


—— Bu 


eS 144 90 H 
SU + bn 540€ + 3951 +2 ott 


Cs + 3 Rb 4 rere oft 

Mass defect of the reaction is ae to huge amount of 
energy. 

Am(Mass defect) = 2 Masses of reactants — 2 Masses 
of products 

Energy released = Amc? 

If mass defect is 1 amu then 931.5 MeV energy is released. 
Critical mass: It is the minimum mass of fissionable 
material required that will lead to a self-sustaining chain 
fission reaction. For ae > U, the critical mass is between 1 to 
100 kg. . 
The material which directly undergoes fission is termed as 
fissile material such as ~ ay: 39Dy and 733 U. The material 


which can be converted to fissile material is termed fertile 
material such as a > U and er sa Th. 


Breeder reactors not only involve the fission of 73 oD 5 Ubut also” 


converts fertile material into fissile material, e. 8. Sess 


converted to 7°? Pu: 


-% 


> 239 33Np 


-8 
. But be Su ms me Pu 
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39, 


Nuclear fission is a chain reaction. If it is uncontrolled, 
explosion occurs as in the atom bomb. Two or more pieces of 
fissile material (7° U or ”? Pu) having subcritical mass are 


. brought. together rapidly. by means. of conventional 


40. 


41. 


42. 


43. 


explosion. The subcritical masses combine to be 
supercritical and then chain fission starts, releasing large 
amount of energy. 


The controlled chain fission reaction takes place in nuclear. 
-reactors.. In these reactors the energy is used for peaceful 


purposes. The heat energy produced in the nuclear reactors 


_ can be used to generate electricity. A reactor consists of: 


(i) enriched fuel 73? U(2-3%). 

(ii) heavy water (D,O) or graphite moderator. It slows 
down the speed of fast moving neutrons. 

(iii) control rods made of boron and cadmium. These 
rods absorb some neutrons and thereby control the 
rate of nuclear fission. 

(iv) liquid alloy of sodium and potassium is. eee as a 


dpe coolant. 


Nuclear fusion is the process in which two nuclei of light 


atoms fuse to form heavy nuclei with the liberation large. 


amount of energy. 
7H+ 7H—> 3He + 23x 10° k kJ/ mol 
TH+ }H—> 3He + on + 17.2 10° kJ/ mol 


Fusion reactions are thermonuclear reactions which require 
very high temperature 0° K or more). 
Hydrogen bomb involves nuclear fusion. 


44, 
— called stellar energy. 
45. 


46. 


47. 


48. 


.49, 


- 5Q. ! 
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Energy ofa star (sun) i is due to nuclear fusion; this energy is 


Hydrogen bomb is much more powerful than atom bomb and 
there is no restriction of critical mass in this bomb. . 
Neutron activation analysis is a technique of finding -the 
trace amount of an element present with the other. The trace 
element is activated by bombarding with neutrons. It is a 
non-destructive method, e. g., traces of silver present in lead 
paintings can be detected by neutron activation analysis. ° 
Spallation reactions: It is similar to fission but differ in 
the fact that they are brought about by high energy. 
bombarding particles or photons. A number of smaller 
particles are released along with the product, e.g., 


| 8 U+ He —> 6 1H413 sont Ra 


The isotope ; H has n/ dae 0 and }H has snip = 2 which is 


maximum. 
Only '2C has zero aren fraction. Packing fraction is 
maximum for hydrogen and minimum for i iron. 


sl mass — Mass number 4 
Packing fi fraction = ——_—______—_____ x 10 


Mass number 
Elements with negative packing fraction are stable because 
some of their mass is converted to binding energy. 
¢C is produced in upper atmosphere due to bombardment of 
cosmic ray neutrons on atmospheric nitrogen. 
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1. Match the List-I and List-II and ae the correct answer from 
the codes given below: ' [PMT (Kerala) 2006] 


_ List-I 7 List-II 


(Atomic/Molecular (Corresponding pairs) 
{ Species) 
(A) Tsotopes 1. 28Ra and 73 228 
. (By obard . 2. Ar and SK 
“| 6) Isotones . 3. 2 and }H 
(D) Isosters. 4. 73 U and 73 ITH 
(E) Isodiapheres 5. 


CO, and N,O 
(a) A—2, B—1, C4, D—5, E—3 
(bo) A—3 B35, C143 
““{c) A—3, B-1, C—2, D—5, E—4 
(d) A—5, B—4, C—1, D2, E-3 
(e) A—5, B—3, C—1, D—2, E—4 : 
2. Matrix Matching Problems (For IIT aspirants): 
[A] Match the Column-I with Column-II: 


Column-T Column-II_ 
(a) Stability of nucleus ' (p) Depends on mass 
“number 


(b) Density of nucleus (q) Packing fraction 
(c} Spin angular momentum (r) Binding energy per 
of proton nucleon 
(d) Dimensionless quantity (s) Independent of mass 
number 
[B] Match the Column-I with Column-Il: 
Column-I Column-II 
(a) 2/ 3rd life (p) 63.2% decay 
{b) Average life (q) 75% decay 
(c) V/A (1) 2x hy. 
(d) Ten times of half life (s) 99.9% decay 
[C]. Match the nuclear transformations of Column-I with the 
particles emitted of Column-Il: ; 


Column-I Column-Il 
(a) “3 Bi+ 7He—> 7hAt+...  (P) |H 
(b) {Be + jHe —> 2C +... (q) tHe 
(©) BMg(on...) ft © {H 
(d) ??Na(7H...) 7) (s) 
{D] Match the Column-[ with Column-II- 
Column-I Column-II 
(a) Binding energy per (p) B-decay 


nucleon increases 


(b) Mass number is conserved (q) a-decay 


{ Questions } 


(cy Chares fiiribee is (ry Nuclear fusion 
conserved - 


(d) Mass of products formed (s) Nuclear fissiori 
is less than the mass of : 


reactants 
_ [E] Match the Column-I with Column-II: 
Column-I ~ Column-II 
(a) G-rays . (p) Radiations, undeviated 
in electric field 
(b) B-rays (q) Produced when 
electrons strike metal 
surface 
(c) y-rays (©) Highest deflection in 
electromagnetic field... 
(d) X-rays (s) Nucleus of helium 
[F] Match the Column-I with Column-II: 
Column-I Column-II 


(a) &-emission 
(b) B-emission, 


(p) Mass number changes 


(q) Atomic number and mass’ 
number are affected _. 
(c) Y-emission (r) Atomic number decreases. 
(d) B*-emission (s) Atomic number increases 
3. Write the complete nuclear reactions: 

(a) {Be + He —> '2C + vocccsssee, 
(b) PH —> 2He + woes 
(c) '9N + GHe —> 30 + vecsceerne 


(d) Bh nts ari ere on 


* 3B) BU accra SN ENP FP icsn 
(g) Ha! bit ——> BHF eseessssssne 
(9 & i — > §Be + y- radiations 
COP H tected — > $He + jn 
FAL + bn —o AN a + cressessseace 
(k) {Al + He —............+ }H 
(Dy BU + it —P eseecreee + 


137 97 ne 
s2Fe+ 4oZt (AT 2005) - 


(LIT 2005} 


4. Write the particles‘emitted from each nuclide in the following 
reactions: 


@) oe Ve 73lPa . 22 Ac 
i) (it) 


(m) § 6 Se —> dss esstetve +2 1e 


(b) gAt—> *BBi — aT 
(c) aah ; “S3NP - 7rPu 
ar a 


(d) isP—> ig ogi 
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6. 


7. 
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Find the atomic number and mass number of the last member 
in the following series: 


~a 
(a) igg Ra —> Rn —> Rad —~ RaB —> RaC 


ee ee - a 


(b) A +B +C >D—+»E 
Complete tie following: 


(a) yp gan pee 2 

iy” A ais B = ga 

ne the equations io the following transformations: 

(a) {9K (p,d) (b) "SN(n, p) (c) t?Na (, p) 

(d) {Be (a, 2). 

_ To which radioactive families do the sopowing nuclides 


belong? 
399 


22 Rn, 8a, 207 Bh 209: 33D 


9. To which group of the periodic table does the last member of 
the following series belong? 


-B ~B 
(2) Us Nps 7B 


TH Group 

10 ¢; oF , 140 “8 40 =f , 140 
(b) «Ba > 57La 5gCe 

fara 


(c ) er Ra -- 2 Ry — ay “5 218Po 
7 Group 
10. Name the Process ig soca below: 
(a) 33U+ bn —> 4Ba + 2Kr +3 bn + 200 MeV 
(b) 7H+ ?}H—> 3He + jn LONeY 
(c) cu + He + 400 MeV —> 71414 [H+ 16 jn 
(d) ‘SB + fHe —> N+ jn 


13 6 
> C+ 41 


OO ——————_—_—<—<—— 


1. 
25 


3. 


(c) A-3, B-1, C-2, D-5, E4 

[A] (a— p, q, 1); (b — 8); (ec — s): (d—- q) 

[B] (a— q, 1);(b — p);(c — p);(d— 5) 

[C] (a —s);(b — s);(c — p);(d— q) 

[D] (a—p, q, 1, s);(b—p, q, 1, 8);(C~p, q, © 8);(d—p, q, F, 8) 
[E] (a—s);(b—1):(¢— p);(d— p, q) 

[F] (2 — p,r) (b — s) (ec — q) (d— q) 

(a) {Be + 3He —=> '2C + jn; 

(b) 3H——> 3He + Se; 

(c) 4N+ ‘sccm Mans 


Xe +3 on 


(d) MU ( bn ——> 33Sr + 
(e) Li + gn —> 2 3He + Se; 

(f): 4! pn —> 7U —> 22Np + Se; 
(g) 'SN+ gn —~> 2C + 3H; 

(h) {Li + |H —~> "Be + y-radiations; 

(i) 7H+ }H—-> fHe + fn; 

(j) ial +n —» 74Na + He; 

(k) Al + $He —> *USi + 1H; 

(ye mUt+ tn —~» 2 bn + “ETe + 3 Var 3 


(m) *Se—> %kr +2 _fe 


(a) MPa OHMaed)a © OBGB @ Je 
: (a) Atomic mass = 214, Atomic number = 83 
(b) Atomtic r mnass\= = M — 8, Atomic number = Z — 2 


-B 
6 Gy x es may ——> tz 


-B ~B 
(tA Ye 5 Yc 


7. (a) K+ }H—> 72K+7H (b) “N+ pn —> C+ |H 
(c) 77Na + jHe > ?Mg + tH(d) {Be + 3He > '2C + hn 


8. 7 Rn belongs to (4n + 2) family, i.e., uranium family. 
228 Ra belongs to (4n) family, i.¢., thorium family. 
207 Dh belongs to (4n + 3) family, i.e., actinium family. 
209 Bi belongs to (4n + 1) family, i.e., neptunium series. 
33 pa belongs to (4n + 1) family, i.e., neptunium series. 
ae 34Pu belongs to actinide series, hence it is present in I 
" group. . 
(b) '“8.Ce belongs to lanthanide series, hence it is present in IIT 
OUP. 
(c) *5Po belongs to VI group. 


10. (a) Nuclear fission (b) nuclear fusion (c) spallation reaction 
(d) artificial radioactivity. 
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. Half life of 4Na is 14.8 hours. In what period of time will a 
sample of this element lose 90% of its attivity? 

[Ans. 49.17 hour] ° 

. Af-particle emitter has a half life of 60.6 min. At any instant 
of time, a sample of this element registers 2408 counts per 
second. Calculate the counting rate after 1.5 hours. 

[Ans, 860 eur per sec] 

. Aradio-isotope };Phas half life of 15 days. Calculate the time 
_ in which the radioactivity of | mg quantity will fall to 10% of 
the initial value. 

[Ans. 49.85 days] 

. Consider an o-particle just in contact with 5U nucleus. 
Calculate the coulombic repulsion energy assuming that the 
distance between them is equal to the sum of their radii. 

[Ans. 24.2 MeV] 

The activity of a certain sample of radioactive element ‘A’ 
decreases to 1/ V2 of its value in 4 days. What is its half life? 
Assuming that, 


1A - jHe —>  'B 
what mass of the sample will be left over after 24 days if we 


start with one gram of ‘A’? Calculate this in terms of M. 


[Ans. 1. = 8 days; mass of sample left over = (1 = 3) g] 


M 
[Hint: n= to eso( ~2) 


Ny 
0. 693 _ Fe 303 N 
logig (V2) N=—S 
hy2 42 
ty. = 8 days 


Use N=Ny (5) for next part ] 


The half life of *3$U is 4,5x 10° years. Uranium emits an 


a-particle to give ae Calculate the time required to get 
the product which contains bea masses of thorium and 
uranium. 
[Ans. 4.55 x10? yrs] 
1 i 1 


int: N —— + —; N=— 
Hint: No= 733" 334° 238 
Use, 02693 _ 2308 gg (2) 
tye t N? 


32 mg of pure a PuO, has an activity of 6.4 x 10’ sec”! 

(i) What will be the halflife of “5 pe 4Pu in years? 

(ii) What amount of PuO, will remain if 100 mg PuO, is kept 
for 5000 years? 

fAns. (i) 2.45 x 104 years (ii) 86.7 mg] 

[Hint: (i) Mass of Py = = x 32 = 28.207 mg 


0.693 w 
x 


fyi At. wt. 
6A ve 107 = 0.693 y- 28.207 X10 6 93 1g? 
tua 238 
tq = 7.729 x 10" sec = 2.45 x 10* years 
0.693 _ 2.303, (2) 
bya t MUN} 
0.693 2.303 ( - 
saenint ann OBtOl yp 
2.45 x 10 5000 \N 


N = 86.7 mg] 


Rate = xN 


(i) Use, 


. Aradioactive: totope decays as: 


My sie ee a gfe Bee — 


The half lives of A and B are 6 and 10 months respectively. 
Assuming that initially only A was present, will it be possible 
to achieve the radioactive equilibrium for B? Ifso, what would 
be the ratio of A and B at equilibrium? What would happen if 
the half lives of A and B were 10 and 6 months respectively? 
(Hint: At equilibrium, ratio of amounts of A and B will be 

Na _ tA _ 6 | 

Ng ty.B 10 


If the half lives of 4 and # are 10 and 6 months respectively, then 
B will decay faster than ‘A’, hence equilibrium will not be 
achieved.] 

Lowest level of “C activity for experimental detection is 0.03 
dis per min per gram. What is the maximum age of an object 
that can be determined by *C method? The activity of *C in 
the atmosphere is 15 dis per min per gram of 4C 
(ti). for *C = 5730yrs). 

Ans. $1379.28 yrs] 

An analysis of a rock shows that relative number of *” Sr and 
87 Rb atoms is 0,052, i.e.,(°’ Sr /*” Rb = 0.052). Determine the 
age of the rock. Given that half life period for B-decay of Rb to 
Sr is 4.7 x 10'° years. 


fAns. 3.43 10° years] 


87 
- Rb x 1 
int: = = 
iH gry (0.052 
Hoe SA 
x+y 1.052 
Boe te 
No 1.052 
2.303 N 
A= Jog,) —2 
, B10 N 
0.693 2303, - 
a log,, 1.052 
4.7.x 10! Bio 


t = 3.43 x 10° years] 


~ 186 


11. 


12. 


13... 


14. 


15. 


16. 
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Hydioisias of ester was studied by isotopic Jabelling method. 
Write down the structures of produce: 4 and B in the given 


réaction: quT 2000) 
ai 
I] 18 : 
H, — C—O—H+HOH—» 4+8B 
. . f 
[Ans. (4)CH,—C— OH; (B)CHs — O—H] 


Arrange the following species in decreasing order of chemical: 


reactivity and radioactivity: 

1H, 7H, 7H 
Reactivity |H>?H>jH- 
Radioactivity }H> tH > iH] 


The half life of 2!?Pb is 10.6 hours and that of its daughter 
element 7"? Bi is 60.5 minutes. After how. much time will the. 
daughter element have maximum activity? 


[Ans. 


[Ans, 3.78 hours] 
0.693 0. uk 
: A», = ; os = 0.01145 
[Hint 8 = 196 x 60 d min” 
= 0,001089 min” 
"22.303 gg Ae 
mes (Ag ve A.) = dy 
7 - 2,303 | 0.01145 
0.01145— 0.001089, "| 0.001089 
= 222.2788 loBio —ooaag sou’ 
0.001089 
= 227.1 min 
= 3.785 hours] 


Radioactive element is spread over a room, its half life is 30 
days. Its activity is 50 times the permissible value. After how 
many days will it be safe? 


[Ans. 169.30 days] 
(Hint: = 50N 
0.693 _ 2.303 No 
—— log1o | — 
hi2 t 
0.693 — 2.303 lo (=) 
30 lie ] 
t = 169.3 days ] 


Calculate the energy released in joules and MeV in the 
following nuclear reaction: 


7H + 7H—> 3He + on 


' Assume that the masses of 7H, He and neutron respectively 


are 2.0141, 3.0160 and 1.0087 amu. 
[Ans, 5.223 x 107" J; 3.260 MeV] 
A radioactive element due to an agcident in research 


laboratory gets embedded in its floor and walls. The initial rate 
of decay is 64 times the safe limit. The half life of the element 


17. 


19. 


20. 


21. 


22. 


23. 


- [Ans. 


is 32 days. Calculate the time afer which the Poe will 
be safe for use: 


[Ans. . 192 days] : “8 
(Hint: No = 64N | 
0.693 2.303, No 
ee ekg 
~ 0.693 _ 2.303 | 64N 
oe 0} io 
32. ot 
t= 192 days} 


Radium. ‘has a half.life 1600 years and its daughiér ‘élement 
" ¢adon has a half life 3.82 days. In an enclosure, the volume of. a 
radon was found constant for a week. Explain and calculate 
_ the ratio of the number of radium and radon miele Will. the 


ratio be constant after 400 years? 
[Ans. 1528 x 10°] 


j(Ra)--: =p (Rn) —— 
N (Rn) t9(Ra) 
Ny _ 1600 466 
N, 382- 
= 1.528 x 10°] 


. Calculate the radius and density of 25, 


[Ans. 
[Hint: 


R=68x10°° cm; d = 2.979 x 10'4'g /cc] 
R= Ry A'3 =1ix es (235)"3 = 6.788 x 10° m 


= 6.788 x 10° cm 


: —24 . 
d=WW = 235 x 1.66 x 10 me 


: x 1 x (6.788 x 1078)? 


= 2,979 x 10" g/cc] 
= 3U decays with emission of a and B-particles to form 
ultimately 207 Pb. How many © and B-particles are emitted per 
atom of Pb produced? 
{Ans. 7 aand 46} 
The half life of radium is 1600 years. After how much time, 


th part of radium will remain undisintegrated in a sample? 


[Ans. 6400 years] 

The half life of polonium is 140 days. In what time will 15 g of 
polonium be disintegrated out of its initial mass of 16 g? 
{Ans. 560 days] 


[Hint: Polonium left is = of the initial, i.e, 4 half lives.] 

The activity of a radioactive isotope falls to 12.5% in 90 days. 
Calculate the half life and decay constant of the radioactive 
isotope. 

[Ans. 30 days, 0.0231 day~'] 

The radioactivity of an element was found to be one millicurie. 
What will be its radioactivity after 42 days if it has half life of 
14 days? 

0.125 millicurie] 


24, 


25. 


26. 


27. 


28. 


29. 


30. 


31. 


32. 


33. 


34, 
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There are 10° radioactive nuclei in a given radioactive 
element. Its half life is 20 seconds. How many nuclei will 
remain after 10 seconds? (Given, ¥2 = 1.41) 


[Ans. 7x 10*(approximately)] 


V2 
‘ 0 1 16 
ope ee wo() =10(2) a= 0-2 ial! 


A radioactive element decays at such a rate that after 68 
minutes only one-fourth of its original amount remains. 
Calculate its decay constant and half life perind: 

[Ans. = 0.0204 min™ 


One gram of a radioactive element decays-by B-emission to 
0.125 in 200 hours. How much more time will elapse until 
only 0.10 g of it is left? 

(Ans. 21.46 hours] 


A wooden article found in a cave lias only 40% as much “C 
activity as a fresh piece of .wood. How old is the article? 
(t1;. for '*C = 5760 years). 

[Ans. 7617 years] 


A sample of carbon-derived from one of dead sea scrolls is 
found to be decaying at the rate of 12.0 disintegrations per 
minute per gram of carbon. Estimate the age of dead sea scrolls 
when carbon from living plants Gisinitegrates: - the rate of 15.3 
disintegrations per minute per gram. (hijo for? 4€=5760 years) 

{Ans. 2020 years] 

One pg of a radioactive iodine contained in thyroxine is 
injected into the blood of a patient. How long will it take for 
radioactivity: to fall to 50%, 25% and 10% of the initial value? 
(ty for "331 = 8.05 days) 

[Ans. 8.05 days, 16.1 days, 26.75 days] 


1 g radium is reduced by 2.1 mg in 5 years by alpha decay, 
calculate the half life period. 
[Ans. Half life = 1672 years] 


[Hint: Mass of radium left after 5 years = (1.0 - 0.0021) g 


= 0.9979 g 
No _ 2.303 1 
wy 5 8° Og979 1 
The activity of a radioactive substance falls to 87.5% of the 
initial value in 5 years. What is the half life of the element? 
Calculate the time in which the activity will fall by 87.5%. 


(Ans, Half life = 9.52 years, t = 28.58 years] 


Starting with 1.0 g of a radioactive sample, 0.25 g of it is left 
after 5 days. Calculate the amount which was left after one 
day. 

[Ans. 0.758 g] 

A sample of wooden artifact is found to undergo 9 
disintegrations per minute per gram of carbon. What is the 
approximate age of the artifact? The half life of '¢C is 5730 


ty = 34 min] 


Apply A= = log 


years and radioactivity of wood recently cut is 15 _ 


disintegrations.per minute per gram of carbon. 

Xenon-127 has a half life of 36.4 days. How much of a sample 

of xenon that originally weighed 1.0 g remains after 20 days? 
(Dhanbad 1992) 


[Ans. 0.6835 g] 


35. 


36. 


37. 


38. 


39. 


40. 


41. 


42. 


43. 


_ from decay of “5 < >U, what is the age of the ore? 


~ [Ans. 


187. 
Calculate the ratio of zi after an hour has passed for a 


0 
radioactive material of half life 47.2 seconds. 


. (Ans. Naan 10°] 
es No 
(Hint: At = 2.303 logig ae 
0.693 , 50% 60 Noy 
“472. © 2.303 oN 


The activity of the hair of an Egyptian mummy is 7 
disintegrations minute' of |*C. Find the age of the mummy. 
Given, t,,. of '4C is 5770 years and disintegration rate of fresh 
sample of 4C is 14 disintegrations minute”. 

[Ans. 5770 years] 

On analysis a sample of ***U ore was found to contain 20.6 g 
of 735Pb and 23.8 g of 733U. The half life period of 7*U is _ 
4.50 x 10° years. If all the lead were assumed to have come 


(IIT 1996) 


[Ans. . 4.49 x 10° years] 


It is known that 1 g of Ra emits 11.6 x 10” atoms of 0. per 


- year. Given, the half life of 7°Ra to be 1600 years, compute 


the value of Avogadro’s number. 
[Ans. 6.052 x 107] 


(Hint: Rate = 4 x number of atoms in one gram 


ee Avogadro’ s number ] 
226 


A uranium mineral contains 2°U and ?°°Pp in the ratio of 4 : 1 
by weight.. Calculate the age of the mineral 4,,. a 0 
=45x10° years. Assume that all the lead present in the 
mineral is formed from disintegration of 7°U. 

[Ans. 1.648 x 10° years] 


In a sample of pitchblende, the atomic ratio of 206pp : 381) js. 
0.23 : 1, Calculate the age of the mineral if half life of uranium 


* is 4.5 x 10° years. Assume that all lead has originated from 


uranium. ; 

[Ans, 1.34 x 10° years] 

The ratio of the atoms of two elements A and B at radioactive 
equilibrium is 5.0 x 10° : lrespectively. Calculate half life of B 
if half life of A is 245 days. 

4.9 x 10“ days] 

Calculate the energy released in MeV during the reaction SLi 
+H — 2{5Hel] if the masses of jLi, }H and He are 7.018, 
1.008 and 4.004 amu respectively. 

[Ans. 16.76 MeV] 


10g of"; 2s 3Ra is placed in a sealed vessel. How much helium 


will be sal in the vessel in 100 days? (t,,. of radium = 
1600 years) 


(Ans. 2.1210 g] 
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45. 
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The half life period of '83Ce is 13.11 days. It is a B-particle 


emitter and the average energy of the B-particle emitted is 
0.442 MeV. What is the total energy emitted per second in 
watts by 10 mg of '43Ce? 

[Ans. 1.84 watt] 

(Hint: Rate of disintegrations per sec = 1 x No. of atoms 


0.693 6.023 x 10? - 


= x 0.01 
13.11 x 24 x 60 x 60 141 


Total B-particles emitted = 2.61 x 10” 
Total energy emitted = 2.61 x10" x 0.442 =1.1536 x 10"? MeV 


Energy inerg = (1.1536 x 10")(1.6 x 10°%) 


1.1536 x10" x 1.6 x10° 


Energy in watt = 
gy 10" 


= 1.84 watt] 


A sample of aoSr has an activity of 0.5 mCi, What is its 
specific activity? (t,,. of 39Sr = 19.9 years) 
[Ans. 7.4x10!? dis. g7! s'] 


(Hint: Rate of disintegrations = A x No. of atoms 
So, No. of atoms 
7 
= 09% 3.7% 10) 19.9 x 365 x 24 x 60 x 60 
0.693 
= 1.675 x 10'6 
16 
Mass = pct Dead Ue =2.50x107° g 
6.023 x 10 
: aoe 0.5 x 3.7 x10? | 
Specific activity = —_————-—- = 7.4 x 10” dis $ 
a y= 35x10 ee] 


Calculate the Q-value of the reaction; 
SLi + bn —> He + 7H 
Given, $Li = 6.015126 amu, 3He = 4.002604 amu 
7H = 3.016049 amu, 97 = L008665 amu 


[Ans. +4.7835 MeV] 


47, 


48. 


49, 


50. 


The disintegration rate of a certain radioactive sample at any 
instant is 4750 dpm. Five minutes later, the rate becomes 2700 
dpm. Calculate half life of sample. 


{Ans. t,> = 6.13 minute] 


One of the hazards of nuclear explosion is the generation of 
*°Sr and its subsequent incorporation in bones. This nuclide 
has a half life of 28.1 years. Suppose one microgram was 
absorbed by a new-born child, how much Sr will remain in 
his bones after 20 years? : CET F 1995) 


[Ans. 0.61 ug] 
Hint: 1= 2203 Jog —initial_ 
remaining 
~ _ ye 20y, initial = lug, remaining =x lg 
29 = 2383 28.1 Jog + 
693 
x= 0,61 yg] 


It has been estimated that the carbon-14 in the atmosphere is 
responsible for producing 60 atoms of nitrogen-14 and 60 
electrons every hour for each gram of carbon. We can quote 
this disintegration rate as 60 counts hour”! g™!. A sample of 
sea shell found near a sea shore was found to have a count of 4 
counts hour’ g!. Estimate the age of the shell. 
(ty for '4C = 5730 years). 

[Ans. 21000 years (approximately)] ; 
Upon irradiating californium with neutrons, a scientist 
discovered a new nuclide having mass number of 250 and half 
life of 0.5 hours. Three hours .after the irradiation, the 
observed radioactivity due to the nuclide was 10 dis/min. How 
many atoms of the nuclide were prepared initially? 

fAns. 2.8 x 10°] 


. The emission of beta particles is from: 


RADIOACTIVITY AND NUCLEAR TRANSFORMATION 


O 


Set-1: Questions with single correct answer 


. Natural radioactivity was discovered by: 


(a) Rutherford 

{c) Curie 
Radioactivity is due to: 
(a) stable electronic configuration 

(b) unstable electronic configuration 

(c) stable nucleus 

(d) unstable nucleus 

Radioactivity is essentially: 

(a) a chemical activity {b) a physical property 

(c) a nuclear property - (d) a property of non-metals 
Radioactivity. is. generally found in: . Xs 

(a) light nuclei (b) stable nuclei 

(c) heavy nuclei 


(b) Becquerel 
(d) Schmidt 


(a) temperature (b) pressure 

{c) chemical environment (d) ‘none of these 

The rays are given off by a radioactive element from: 
(a) nucleus (b) valence electrons 
(c) all the orbits (d)} outer orbit 

The alpha particles are: 

(a) high energy electrons 


. (b) positively charged hydrogen ions 


{c) high energy X-ray radiations 

(d) double positively charged helium nuclei 
(CBSE 1999) 

(a) the valence shell of an atom 

(b) the inner shell of an atom 


(c) the nucleus due to - the. nuclear conversion 
proton — neutron + electron 
(d) the nucleus due to the nuclear conversion 


neutron — proton + electron 
Identify the nuclear reaction that differs from the rest: 
(a) Positron emission (b) K-capture 
(c) B-decay (d) a-decay 
(e) y-decay {[PET(Kerala) 2008| 
[Hint : Only y-emission does not change the n/p 


-(Neutron/Proton, ratio) of the parent element.] 
. Gamma rays are: 


(MLNR 1999) 
(a) high energy electrons 

(b) low energy electrons : 

(c) high energy electrotnagnetic waves 

({d) high energy positrons 

Radium :s a radioactive substance. It dissolves in dilute H,SO, 
and forms — sumpound radium sulphate. The compound is: 
(a) no longer radivactive 

(b) half as radioactive as the radium content 

(c) as radioactive as the radium content 

(d) twice as radioactive as the radium content 


(d) nuclei of intermediate: dass 
. The activity of radioisotope changes with: 


12. 


13. 


14. 


~ >(¢}--both a and B-rays 
15. 


16. 


ee 


19. 


20. 
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The velocity of a@-rays is approximately: 
(a) equal to that of the velocity of light . 


(b) it of the velocity of light 


(c) 10 times more than the velocity of light 

(d) uncomparable to the velocity of light 

q@-rays have ionisation power because they possess: 

(a) lesser kinetic energy 

(b) higher kinetic energy 

(c) lesser penetration power 

(d) higher penetration power 

The radiations from a naturally occurring radioactive 

substance as seen after deflection by a magnetic field in one 

direction are: 

(a) definitely m-rays (b) definitely B-rays 

(d) either a or B-rays 

Which of the following statements about radioactivity is 

wrong? 

{a) It involves outer electrons activity 

(b) It is not affected by temperature or pressure 

(c) It is an exothermic process 

(d) The radioactivity of an element is not affected by any 
other element compounded by it 

The radioactivity of uranium minerals is usually more in 

comparison to pure uranium. This is due to presence of... in 

the mineral. 

(a) actinium (b) thorium 

(c) radtum (d) plutonium 

Radioactive disintegration differs from a chemical change in 

being: (MLNR 1991) 

{a) an exothermic change 


-(b) a spontaneous process 
’ (ce) a nuclear process 


(d) an unimolecular first order reaction 

The ionising power of a, 6 and y-rays is in the decreasing 

order: 

(a)a>B>y¥ (b) B>a>y¥ 

(c) y>a>B @ B>y>o 

Which of the following radiations have least effect on both the 

photographic plate and zinc sulphide screen? 

(a) O-rays (b) B-rays 

(c) Y-rays (d) All have equal effect 

Y-rays are emitted from a nucleus due to: 

(a) high n/p ratio 

(b) excess energy possessed by nucleus after emission of @ or 
B-particles 

(c) fission reaction 

(d) fusion reaction 


i. If a radioactive substance is placed in vacuum at 100°C, its 


rate of disintegration in comparison to one atmospheric 
pressure: 
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22. 


23. 


24, 


25. 


26. 


27. 


28. 


29. 


30. 


31. 


32. 


33: 


34. 


(a) Y-rays 


G.R.B. 


(a) is not affected 
(b) increases 


.(c) decreases 


(d) increases when the product is gas 
In a-decay, n/p ratio: 


(a) may increase or decrease 


(b) remains constant 

(c) ‘decreases 

(d) increases 

In B-decay, n/p ratio: 

(a) remains unchanged (b) may increase or decrease 

(c) increases (d) decreases 

A device used for the measurement of radioactivity is: 

(a) mass spectrometer (b) cyclotron 

(c) nuclear reactor ‘(d) GM. counter 

Which of the following does not contain material particles? 
[CET (Pb. ) 1991| 

(a) G-rays  (b) B-rays = (c) y-rays (d) Anode rays 

If by mistake some radioactive substance gets into human 

body, then from the point of view of radiation damage, the 

most harmful will be one that emits: 

(b) neutrons (c) B-rays 

Radioactive decay is a reaction of: 

(a) zero order (b) first order 

(c) second order (d) third order 

If n/ pratio is high, the nucleus tends to stabilise by: 

(a) the emission of a B-particle © 


(d) O-rays 


' (b) neutron capture 


(c) losing a positron 

(d) any one of the above 

Emission of B-particles y an atom of an element results in the 
formations of: 

(a) isobar -(b) isomer (Cc) isotope (d) isotone 
Which of the following process will cause the emission of 
X-ray? 

(a) O&-emission (b) B-emission 

(c) K-electron capture (d) y-emission 

When a f-particle is emitted by the atom of a radioactive 
element, the new species formed possesses:|PET (MP) 1990| 
(a) same atomic mass and atomic number less by one unit 

(b) same atomic mass and atomic number less by two units 


_ (c) same atomic mass and atomic number higher: by one unit 


(d) same atomic mass and atomic number higher by two units 
Successive emission of an o-particle and two B-particles by an’ 
atom of a radioactive element results in the formation of its: 

: [LIT (Screening) 1993] 
(a) isobar (b) isomer (c) isotone (d) isotope 
The isotope 2 a > decays in a number of steps to an isotope of 
oo 2 Pb. The groups of particles emitted in this process-will be: 


@ 40,78 (b) 60,48: (c) 74,48 (d) 100,88 
The number of @ and B-particles emitted in the nuclear 


reaction *9)Th ——> 753Bi are: “[MLNR 1992; 
JEE (Orissa) 2910] 


(a) 80, 1B (b) 40,78 (c) 3a,7B (d) 4a, 16 


35. 


36. 


37. 


38. 

39. 

40.: 
_ BandC. If B is helium and C is the element of atomic number 


41. 


42. 


43. 


44. 


45. 


46. 


47. 


- (a) third group 


" (a) 1.39x 107! 5 


PHYSICAL CHEMISTRY FOR DOMPETONS: 


73g Po —> Pb + 3He 


‘In above reaction, predict. the position of Po in the periodic 


table when lead belongs to IVB group: 
(a) IIA (b) VIB (c) IVB (d) VB 
When 276 Ra emits an o-particle, the new element formed 
belongs to: 
(b) zero group 
(d) second group 
(VITEEE 2007) 


(c) fourth group 

The radius of nucleus is: 
(a) proportional to its mass number 

(b) inversely proportional to its mass number 

(c) proportional to the cube root of its mass number 
(d) not related to its mass number 

The last uae of 4n series is: 

(a) OP (b) Pb = (c) “49 Pb 
4n+ series is known as: 
(a) actinium series 

(c) uranium series (d) neptunium series 

A radioactive element A on disintegration gives two elements 


(d) 733Bi 


90 and atomic mass 234, the element 4 is: 
(a) 38U (b) 33Ra — (c) 735Th 
Group displacement law was given by: 
(a) Becquerel (b) Rutherford 

(c) Mendeleeff (d) Soddy and Fajan 

2417 has 92 protons and 234 nucleons total in its nucleus. It 


( d) IP. 


decays by emitting an alpha particle. After the decay it 


becomes: (VITEEE 2008; DUMET 2010) 
(a) u (b) 2Pa () ™°Th (d) 230 pa 
Starting from radium, the radioactive disintegration process 
terminates when the following is obtained: 

(a) lead (b) radon (c) radium A (d) radiumB 
The only, most stable nucleus formed by bombarding either 
73 Al by neutrons or 7?Na by deutrons is: [CET (S&K) 2007] 
@) isP Si ©) Mg. (d) Ba 
Quantity of radioactive material which undergoes 10° 
disintegrations per second is called: 

(a) Becquerel (b) Rutherford 

(c) Curie (d) Faraday 

The number of «-particles emitted per second by 1 ‘8 of “°Ra 
is 3.7 x 10°: The on constant is: 

(b) 13.9x 107! sec 

(c) 139x 10719 ne (d) 13.9x 10°? sec! 
No. of atoms disintegrating per second 


[Hint: =A 
Total number ef atoms present 
3.7x10" — 226x3.7x10 
OF BS my =A) 
6.02 x 10 6.02 x 10 
226 


The decay constant of 7°Ra is 137x 10"! se 
Ra having an activity of 
contain ...... atoms: 


(a) 4.05 x 10'°(b) 3.7x 10” (c) 2.05x 10° (d) 4.7x 10° 


c'. A sample of 
1.5 millicurie will 


(b) thorium:series -- eri Seta st 


48. 


49. 


50. 


51. 


52. 


53. 


54. 


55. 


56. 


RADIOACTIVITY AND NUCLEAR TRANSFORMATION 


[Hint: — 1 millicurie = 3.7 x10’ disintegrations per sec 
1.5 millicurie = 5.55 x10’ disintegrations per sec 
7 
2b IO 24 21 IeiO 
No 


One curie of activity is equivalent to: . 
(a) 3.7x 10!’ disintegrations per sec 
(b) 3.7x10!° disintegrations per sec 
(c) 3.7x 10!4 disintegrations per sec 


‘(d) 3.7x 10° disintegrations per sec 


A sample of ;s K contains invariably {9 Ar. This is because’ {j K 


has tendency to undergo: [JEE (Orissa) 2006] 
(a) a-decay (b) positronium decay 

(c) B-decay (d) y-decay 

The value of disintegration constant of a radioactive isotope: 


(a) decreases with increasing temperature 

(b) decreases with increasing pressure 

(c) increases with increasing concentration 

(d) is-independent of temperature, pressure and concentration 
If the amount of a radioactive substance is increased three 


. times, the number of atoms disintegrating per unit time would: 
" (a) be double 


(b) not be change 
(c) be triple 


(d) be xd of the original number of atoms 


The half life of a radioactive element depends upon: 

(a) the amount of the element 

(b) the temperature 

(c) the pressure 

(d) none of these 

The decay constant of a radioactive sample is 4. The half life 
and mean life of the samiple are respectively: (MLNR 1990) 
(a) 1/0, In 2/24 (b) In 2/A, 1/4 

(c) Aln 2,1/% (d) A/ Pn, 1/A - 

Average life of a radioactive substance is: 

(a) 0.44 times of halflife  (b) 2.44 times of half life 

(c): 1.44 times of half life. (d) 0.693 times of half life 
Radium has atomic mass 226 and half life of 1600 years. The 
number of disintegrations per second per gram are: 


(BHU 1990) 
(a) 4.8x 10° (b) 3.7x 10° 
(c) 9.2x 10° (d) 3.7x 10° 
vériats No. of disintegrations per sec 
. ‘Total no. of atoms in one gram of Ra _ 
: 0.693 
~ 1600 x 365 x 24 x 60 x 60 


or Ne of disintegrations per sec 
0.693 x 6.023 x 107 
~ 1600 x 365 x 24 x 60 x 60 x 226 
A radioactive sample has a half life 1500 years. A sealed tube 
containing | g of the sample will contaiz after 3000 years: 
(MLNR 1994) 


57.. 


58. 


59. 


60. 


61. 


* period will be: 


62. 


63. 


65. 


66. 


67. 


68. 


. (a) 48g 
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(a) | g of the sample (b) 0.5 g of the sample 

(c) 0.25 gofthe sample — (d) ‘0.01 g of the sample ~ 

'4C has a half life of 5760 years. 100 mg of the sample 
containing '*C is reduced to 25 mg in: [PET (Raj.) 2006] 
(a) 11520 years (b) 2880 years 

(c) 1440 years (d) 17280 years 

If 3/4 quantity of radioactive substance disintegrates in 2 
hours, its half life period will be: (BHU 2006) 
(a) 15 minutes (b) 30 minutes 

(c) 60 minutes (d) 90 minutes 
Initial mass of a radioactive element is 40 g. How many grams 
of it would be left after 24 years if its half life period is of 8 
years? 
(a) 2 (b) 5 


(c) 10 (d) 20 


_ Half life of radium is 1580 years. It remains 1/16 after the 


(VMMC 2007) 
(a) 1580 yrs:  (b) 3160 yrs (c). 4740 yrs (d) 6320 yrs 
If half life period of radium i is 1600 years, its aA life 


(a) 2304 years (b) 4608 years 

(c) 230.4 years (d) 23040 years 

A radioactive isotope having a half life of 3 days was received 
after 12 days. It was found that there were 3 g of the isotope in 
the container. The initial mass of the isotope when packed was: 
(b) 36g (c) 24g (d) 12g 
Radioactivity of a radioactive element remains 1/10 of the 
original radioactivity after 2.303 seconds. The half life period 
is: 


(a) 2.303 (b) 0.2303  (c) 0.693 (d) 0.0693 
2.303 
[Hint: A =—— logo = 
; ({a-—x) 
or g20% 810 7719 : =1LT gee 0.693] 
~ 2303 303 1/10 rv 


A freshly rebated radioactive source of half life period 2 
hours emits radiations of intensity which is 64 times the 
permissible safe level. The minimum time after which it would 


be possible to work with this source is: 


(a) 6 hours (b) 12 hours 
(c) 24 hours (d) 48 hours 
A radio isotope has a half life of 10 days. If today there is 125 
g of it left, what was its mass 40 days earlier? 
_ (EAMCET 1991) 


(a) 600 g (b) 1000g_ (c) 1250g (d) 2000g 
The half life period of four isotopes is given below: - 
(i) 7.6 years (ii) 4000 yes 

~ (iii) 6000 years (iv) 3.2 x 10° years 


Which of the above isotopes is most stable? 

(a) (iv) . (b) (iii) (c) Gi) (d) (i) 

The first indication that a.stable nucleus can be broken down 
was afforded by: 

(a) Rutherford (b) Madam Curie 

(c) Soddy (d) Schmidt 

The first stable isotope which was transmuted by artificial 


-means was: 


(a) ‘30 (b+) SN ~~ (©) GC (d) {Be 
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69. 


70, 


Th. 


72. 


73. 


74, 


75, 


76. 


77. 


78. 


G.R.B. PHYSICAL CHEMISTRY FOR COMPETITIONS 


The instability of a nucleus is due to: (AIMS 1999) 

(a) high, proton : electron ratio 

(b) high, proton : neutron ratio 

(c) low, proton : electron ratio 

(d) low, prema: neutron ratio 

When 7/Al is bombarded with o-particles, a radioactive 

isotope of phosphorus 3v P with the emission of . . . is formed. 
[CET (Gujarat) 2006] 

(a) neutrons (b) protons 

(c) positrons (d) electrons 

ee reaction accompanied with emission of neutron(s) is: 

{PMT (MP) 1991] 

(a) 2 ,Al + 3He —> 20p + | ott 

(b):'2C + {H—» 3Nn 

(©) sP—> uSi+ ye 

(d) yeAm + 3He —> “S7Bk + Pe 

Which of the following transformations is not correct? 

(a) 3 3As+ 5He -_ eBr + on 


(b) 3Li + }H ——> jBe+ jn 


(c) Se + on _—_ 3Ca + ont 


(d) 73 Bi+ 7H—— *2°Po + hn 
The reaction, ou +u— ‘Ba +3, 3eKr +3 §n represents: 
(a) artificial radioactivity 
(b) nuclear fission 
(c) nuclear fusion 
(d) none of these 
ac in upper atmosphere is generated by the nuclear reaction: 
[PET CMP) 1993] 
(a) 4N+ tH—> Mic + Se4+iH 
(b) 5N 
(c) WN+ on —> 8C + jH 
(d) $N+ tH —> C+ fHe | 
In the transformation of 735U to °35U, if one emission is an 
o-particle, what should be the other eeu 
" (AIEEE 2906) 
(a) twoB™ (b) two 87 and one B* 
(c) one B™ and one y (d) one B*: “and one B™ 
(Hint: 733U —> *34U+ He + 2.441 
The reaction, 7H + 7H——> 3He + 47 is called: 
(CPMT 1996) 


14 0 
— C+ ye 


(a) fusion (b) fission 

(c) endothermic reaction (d) spontaneous reaction 
When the nucleus of uranium is bombarded with neutrons, it 
breaks up into two nuclei of nearly equal mass. This process is 
called: 

(a) nuclear fission (b) nuclear fusion 

(c) physical change (d) artificial radioactivity 
Which one of the following is an artificial fuel for nuclear 
reactors? 


(a) 2381 (b) 239 Dy (c) 2351 (d) 27H 
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80. 
81. 
82. 


83. 


84. 


85, 


86. 


87. 


88. 


89, 


(a) 9.0x 10° years 


A positron is emitted from 7} Na. The ratio of the atomic mass 


and atomic number of the resulting nuclide is: (ILE 2007) 
(a) 22/10 = (b) 22/11 = (c) 23/10 = (d) 23/12 
(Hint: 1H» int Se 

Positron 


On positron emission, proton is converted to neutron, therefore, 
atomic number decreases by one unit but atomic mass remains 
constant. 


nn, 23 
“ratio =—— ] 
P 10 


Hydrogen bomb is based on the principle of: (AIEEE 2005) 
(a) nuclear fission (b) natural radioactivity 

(c) nuclear fusion (d) artificial radioactivity 

In nuclear reactors, the speed of neutrons is slowed down by: 
(a) heavy water (b) ordinary water 

(c) zine rods (d) molten caustic soda 
Which of the following is not a fissile material? 

(a) Su ©) PW a 

(c) 3U d) ™Pu - 

Which one of the following statements is wrong? 

(a) An atom bomb is based on nuclear fission 


(b) In atomic reactor, the chain reaction is carried out unr 
contro] 


(c) Fission reactions are the sources of sun’s energy 

(d) Hydrogen bomb is always associated with atomic bomb 
The fuel in atomic pile is: 

(a) carbon (b) sodium 

(c) petroleum (4d) uranium 

Large energy released in atomic bomb explosion is mainly due 
to: 

(a) conversion of heavier to lighter atoms 

(b) products having lesser mass than initial substance 

(c) release of neutrons 

(d) release of electrons 

One gram of mass is equal to: : 

(a) 5x 10" erg (b) 9x 10” erg- 

(c) 7x 10° erg (d) 11x 10" erg 

If the energy released by burning 1 g of carbon is 3 x 10" erg, 
then the amount of energy released by converting | g of 
carbon completely to nuclear energy would be equivalent to 
energy produced by burning ...... g of carbon. 

(a) 10° (b) 108 

(c) 9x 10° (d) 3x 10!° 

Liquid sodium is used in nuclear reactors. Its function is: 

(a) to collect the reaction products 

(b) to act as heat exchanger 


(c) to absorb the neutrons in order to control the chain - 
reaction 

(d) to act as moderator to slow down the neutrons 

A sample of rock from moon contains equal number of atoms 

of uranium and lead (1,,. for U= 4.5 x 10° years). The age of 

the rock would be: |UGET Manipal! (Medical) 2006| 

(b) 4.5 x 10° years 


(c) 13.5x 10° years (d) 2.25 10° years 


90. 


RADIOACTIITY AND NusteAR TRANSFORMA TON 


ee 12 2303 tog [ , No. of ra 
; : oe No. of U atoms 
22 303 x 4.5 x 10° 
| 1+f 
0.693 Ogio (1+ 1] 
In treatment of cancer, which of the following is used? 
—@) ‘sl (SP | © Co | OTH 


91. 
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94, 


95. 


_ (a) are attracted by nuclei 


96. 


97. 


98. 


(a) 2S Pb 


99. 


100. 


101. 


In nuclear reactor, chain reaction is controlled by introducing: 
(AHMS 1991) 

(a) cadmium rod (b) iron rod 

(c) platinum rod (d) graphite rod _ 

Wooden artifact and freshly cut tree are 7.6 and 15.2 min7! g™! 

of carbon (tf). = 5760 years) respectively. The age of ‘hs 

artifact is: 


(a) 5760 years (b) 5760x oe years 


(c) 5760 x ay years (d) 5760x (15.2 ~ 7.6) years 


2.303 15.2 2.303 x 5760 


lint; *=———- log —— t = ——_——— log 2 
ans aie Fa 0693 87 
The isotope used for dating archaeological finding is: 
@iH =) 30 = @)"C — d) “HU 


Which one of the following statements is wrong? 

(a) Neutron was discovered by Chadwick 

(b) Nuclear fission was discovered by Hahn and Strassmann 
(c) Polonium was discovered by Madam Curie 


‘ (d) Nuclear fusion was discovered by Fermi 


Neutrons are more effective projectiles than protons because 
they: 

(b) are not repelled by nuclei 
(c) travel with high speed (d) none ofthese 

The source of enormous energy of sun is: 

(a) fusion of hydrogen to form helium 

(b) fission of uranium 


(c) fusion of deuterium and tritium 


(d) fusion of tritium to form helium 
In the neutron-induced fission of 73? 92 U; one of the products is 
37 Rb. In this mode, another nuclide 1 anid two neutrons are also 
produced. The other nuclide is: [PMT (HP) 2006] 
@) Xe = (b) '$Co (©) "FCo — (d) "Xe 

me X -3a- B —— Y. The element Yis: 


(b) 20 pb 
© ? 25 (d) = ° Bi 
Which radioactive isotope is used to detect tumours? 
(a) “As (b) *Na PE) Co 
Natural uranium consists of 7: 
(a) 99% (b) 50% 
(c} 10% (d) 0.7% 
In the nuclear reaction, '7N + [He —> px + iH the nucleus 
X is: (MLNR 1995) 


(a) nitrogen of mass 16 
(c) oxygen of mass 16 


(b) nitrogen of mass 17 
(d) oxygen of mass 17 


[JEE (Orissa) 2008] 


102. 


104. 


105. 
- disintegration series? 


106. 


- (c) 107 kgm? 
107. 


108. 


109. 
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111. 
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The radioactive decay of 8 y by a beta emission produces an 
unstable nucleus which spontaneously emits a neutron. The 


final product is: (MENS. 1995) 
MH ues 
(©) MZ (@) 5% 
BAli is a’stable isotope. (ALi is ate to disintegrate by: 
(HT 1996) 


(a) o-emission (b) B-emission .* 

(c) positron emission (d) pipin emission 

The mass defect of the nuclear reaction 8B > §Be + fe is: 
(Jk PMER 1999) 

(a) Am = atomic mass of (§Be - 


(b) Am = atomic mass of ( Be - 


3B) 

8B) + mass s of one electron 
(c) Am = atomic mass of G Be zs $B) + mass of the positron 

es 8B) + mass of two electrons 
Which of the following is the man-made radioactiv _ 


(d) Am = atomic mass of @ Be 


(a) Thorium series (b). Neptunium series 

(c) Uranium series (d} Actinium series 

The density of nucleus is of the order of: 

ce, 10° kg m> * (b) 10° kg m™? 

(d) 10° kgm? 

A radioactive isotope having a half life of 3 days was received 
after 12 days. It was found that there were 3 g of the isotope in 
the container. The initial weight of the isotope when packed 
was: , 

(a) 12g (b) 24g 

(c) 36g (d) 48g 
A radioactive substance is decaying with ¢,,. = 30 days. On 
being separated into two fractions, one of the fractions, 
immediately after separation, decays with ¢,,. = 2 days. The 
other fraction, immediately after separation would show: 

(a) constant activity (b) increasing activity 

(c) decay with t,,. = 30 days (d) decay with hyj2 728 days 

A radioactive substance has a constant activity of 2000 


‘disintegrations per minute. The material is separated into two 


fractions, one of which has an initial activity of 1000 
disintegrations per second while the other fraction decays with 
t1;2. = 24 hours. To the total activity in both samples after 48 
hours of separation is: 

(a) 1500 (b} 1000 (c) 1250 (d) 2000 — 

A radioactive element X has an atomic number of 100. It 
decays directly into an element Y which decays directly into 
the element Z. In both processes a charged particle is emitted. 
Which of the following statements would be true? 

(a) Y has an atomic number of 102 _ 

(b) Y has an atomic number of 101 

(c) Z has an atomic number of 100 

(d) Zhas an atomic number of 99 

Three isotopes of an element have mass numbers M, (M + 1) 
and (M + 2) If the mean mass number is (Af + ~ 0.5), then 
which of the following ratios may be accepted for M, (M/ + 1), 
(M + 2)in that order?. 

(a) 1:11:10 ()4:1:1 


() 3:2:1 @ 2:1:1 
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112. 


113. 


O.R.B. PHysicaL CHEMISTRY FoR COMPETITIONS 


Enrichment of uranium is made by: 

(a) distillation . (b) diffusion 
{c) evaporation (d) bleaching 
Let us consider emission of -particle from uranium nucleus: 

U5 - goth! 

e=0 
p=2 
n=2 


»He* + 
e= 90 
p=90 
n= 141 


e= 92 
p=92 
n= 143 


_ Shortage of two electrons in thorium is due to: 


114. 


115. 
~ (a). 35x10" years 


116. 


117. 


119, 
120. 
121. 


122, 


123. 


~ disintegrate? 


: (a) 237 vy 


118. 


(b) Nuclide and its decay product after O.-emission até 


(c) 8.219x 10” 
‘What percentage of decay takes place i in the average life of a 


~ (a) curie 


_ (a) 0 


(a) conversion of electron to positron 
(b) combination with positron to evolve energy 


‘(c) annihilation 


(d) absorption in the nucleus 

Artificial radioactive elements are present in: 

(a) s-block (b) pblock (c) d-block (d) /-block 
Half life of ,C", if its A is 2.13 x 10™ yrs, is: {CBSE ¢ 
(b) 3x 10° years 

(c) 2 x 10° years (d) 4 x 10° years 

The Co isotope decays with a half life of 5.3 years. How 
long would it take for 7/ 8 of a sample of 500 mg of Co ta 


SCRA 2i aey) 


ES) 


(a) 21.2 years (b) 15.9 years 
(c) 10.6 years (d) 5.3 years 
Isotope of uranium used in atomic bomb is : 
PET (MP) 2 ne 
(b) aA _(c) 0 (d) 235 


Wha: among the sieges! is wrong about Paar 
(a) They have the same difference of neutrons and protons or 
same isotopic number 


_ isodiapheres 
‘A’ and ‘B’ are ane 
(d) All are correct 


_ At radioactive equilibrium,.the ratio of two atoms A and B are 


31x 10": 1. Ifhalf life of “A” is 2 x 10 yrs, what is half life of 
‘RB? 

{a) 6.45 yrs (b) 4.65 yrs (c) 5.46 yrs (d) 3.64 yrs 

The decay constant for an c-decay of Th?” is 1.58 x 107° 
How many c-decays occur from 1 g sample in 365 days? 

(a) 2.89x 10° (b) 1.298 x 10! : 


(d) None of these 


substance? 
(a) 63.21%  (b) 36.79% 
SI unit of radioactive decay is: 


(c) 90% - ne 99% 


LEE yagi 


(b) ihetied: 
/ (d) all of these 
The number of neutrons accompanying the formation of 3 Xe 
and 4Sr from the absorption of a slow neutron by 73 U, 
followed by nucivar fission is: _ 


~(b) 2 {c) } 


(c) becquerel 


gyre my 
GEE $990) 


(d) 3 


124. 


125. 


126. 


127: 


128. 


129. 


130. 


131. 


132. 


_ would remain after 49.2 years? 
_{a) 1 mg 


133. 


Thiosulphate ion (S,037) on acidification changes to SO, 

along with precipitation of sulphur, 
*s¥soe + 2Ht —>H,0+ SO, +S 

which is the correct statement? 

(a) S* is in sulphur (b) §*° is in $0, 

(c) S* is in both (d) S® is in none 

A radioactive element decays as, 


a decay {-2B)B decay 


>Z 


“4 = = 30 min 4a * = 2days 


which of the following st statements about this decay process is 
incorrect? | : 
(a) After two hours, less than 10% of the initial X is left 


(b) Maximum amount of Y present at any time before 30 min 


is less than 50% of the initial amount of X 
(c) Atomic number of X and Z are same 
(d) The mass number of ¥ is greater than X : 
Among the following nuclides, the highest tendency to decay 
by (8*) emission is: 


(a) °Cu (6) PCa) “Cu (d) Cu 
Identify [A] and [B]in the following: 
227 Ac —8_5[ 4] 2 3[B] “> RalJEE (WB) 21D 
(a)Po,Rn  (b)Th,Po  ({c)Ra,Th (d) Th, Ra 
{Hint: ese a 277th —2-+ 7 Ral 


B-particle is emitted in radioactivity by: 
(a) conversion of proton to neutron 
(b) from outermost orbit 


(ATEEE 2002) 


-(c) conversion of neutron to proton 


(d) B-particle is not emitted 
The nuclear reaction, 


$ Cu + SHe — 77C1+ 14 1H +16 in 


[PET (MP) 20021 
(a) spallation reaction (b) fusion reaction 
(c} fission reaction (d) chain reaction 
26Ra disintegrates at such a rate that after 3160 yrs only one 
fourth of its original amount remains. Half life of 26Ra will 
be: [PET (MP) 2082 
(a) 790 years (b) 3160 years 
«) 1580 years (d) 6230 years 

Ag; nucleus absorbs a neutron and disintegrates into ' 

24s and ‘x’. What will be the product x? 
‘ CBSE (PMT 209° ‘a 

(a) 3-neutrons (b) 2-neutrons 
(c) @-particles (d) B-particles 
A radioisotope, tritium G H) has half life of 12.3 years. If the 
initial amount of tritium is 32 mg, how many milligrams of it 
(CBSE (PRP) 2003} 


is referred to as: 


aS 


(b) 2 mg 
(c) 4 mg (d) 8 mg 
The radio nuclide au Th undergoes two successive B-decays 
followed by one = edecay, The atomic number and mass 
number of the resulting radio nuclide. are: (ALLE 2083) 


134. 


135. 


136. 


137. 


138. 


139, 


140. 


141. 


142. 


143. 


144, 


RADIOACTIVITY AND NUCLEAR TRANSFORMATION . 


(a) 92,234 = (b) 94,230 = (c) 90,230 = (d) 92, 230 

The half life of a radioactive isotope is three hours. If the 
initial mass of isotope were 256 g, the mass of it remaining 
undecayed after 18 hours would be: (AIEEE 2003) 
(aj4g (b) 8g {c) 12g (d) 16 g 
Consider the following nuclear reactions: 


8M —>*N +23He; $N —» 4L+ 2p 
The number of neutrons in the element L is: (AIEEE 2004) 
{a) 142 (b) 144 (c) 140 (d) 146 


Aradioactive element gets spilled over the floor of a room. Its 
half life period is 30 days. If initial rate is ten times the 
permissible value, after how many days will it be safe to enter 


the room? (AIEEE 200 7) 
(a) 100 days (b) 1000 days : 
(c) 300 days - (d) 10 days 


A photon of hard gamma radiation knocks a proton out of 
2}Mg nucleus to form: ° {(AFERE 2605) 


.(a) the isotope of parent nucleus 


(b) the isobar of ict nucleus 
(c) the nuclide of 77N 


(dd the isobar of 33 


The element 74 oth ee to thorium series. Which of the 
following will ace as the end product of the series? 
: {BHU (Pre.) 2005] 

(a) "BP  ()% Bi (c) "Pb (d) "SP 

ety emits 80-particles and 6B-particles. The neutron/proton 
ratio in the product nucleus is: {(ATIMS 2005} 
(a) 60/41 -(b) 61/40 (c) 62/41: (d) 61/42 
Calculate the mass loss in the following: 

7H +7H—> fHe + bn 


Given the masses: 7H=2.014 amu, >H= 3016 amu; 


He = 4,004 anu, las = 1.008 arnu. {PET (Kerala) 2065| 
(a) 0.018 amu (6) 6.18 amu 

(c) 0.0018 amu (d) 1.8 amu 

(e) 18 amu 


A nuclide of an alkaline earth metal undergoes radioactive 
decay by emission of the a-particles in succession. The group 
of the periodic table to which the resulting daughter element 
would belong is: _ (CBSE (PMT) 2605} 
(a) 4th group ©) 6th group (c) a group (d) 16th group 
In the reaction ; 7H + 7H ——» 3He + bm if the binding energies 
of ? H, 3H and 3He are a,b and c (in MeV) respectively, then 
energy (in MeV) released in this reaction is: 

ICBSE-PMT Chee) 2005) 
{fajatb-e (b)e+a-b 
(c)e-a-b “datbt+e 
Two radioactive elements Xand Y have half lives 6 min and 15 


_ min respectively. An experiment starts with 8 times as many 


atoms of X as ¥. How long it takes for the number of atoms of 
X left to equal the number of atoms of Y left? 
[PET (Kerala) 2008} 
(a) 6 min (c) 48 min (d) 30 min 
(e} 24 min 
Which of the following has the highest value of radioactivity? 
(DPMT 2069) 


tb) 12 min 


. 145. 


146, 


147. 
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(a) 1 gofRa (b) 1 g of RaSO, 

(c) 1 g of RaBr, _(d) 1 g of Ra(HPO, ) 

An artificial transmutation was carried out on JIN by an G- 
particle which resulted in an unstable nuclide and a proton. 
What is the ratio of the atomic mass to the atomic number of 


the unstable nuclide? (SCRA 2009) 
17 15 17 15 

a) — b)— ¢)-—— d) — 

Ore ) Or: @- 

[Hint: ‘7N+ JHe——> iO + 1H © 


Mass Number _ 17 
Atomic Number 8 
If 0.4 curie be the activity.of 1 gram of a radioactive sample 
whose atomic mass is 226, then what i is the half-life period of 
the sample? (1 curie = 3.7 10° dissec”) (SCRA 2009) 


(a) 12x 10" sec (b) 18x10"! sec 
(c) 1.210 sec» (d) 18 x.10'° sec 


{Hint : Rate of decay = 0.693 1 5 6.023108 —_ 
M2 w 
04x3.7x 10 = 2693. 1 x 6.023 x10 


tye 
fy = 12«10" sec] 

The half-life period of uranium is 4,5 billion years. After 9.0 
billion yéars, the number of moles of helium liberated from the 

following nuclear reaction will be : 
33 U——> “90h + 3He 

initially there was | mole uranium. 
(a) 0.75 mol = (b) 1.0 mol 


{PET (MP) 2010} 
(c) 11.2 mol (d) 22.4 mol 


Set-2: The questions given below may have more 


1. 


than one correct answers 


Match the following radioactive series: 


(A) 4n (i) Uranium series 

(B) 4n+1 (ii) Neptunium series 

(C) 4n+2 (iii) Actinium series 

(PD) 4n +3 (iv) Thorium series 
oA B Cc D 

(a) (i) Gi) (fi) ) 

(b) Gv) (ii) (i) ili) 

(ce) @i)  @ vy) fii) 

@ G@) Gi) @ dy) 


Match the following reactions: 


(A) ,Be?+,He* + .C? 4+... (i) > He* 
(B) ,C? +... B+ Het — (ii) ga! 
(C) ,N*+...5,07+,H (ii) ,D? 
(D) 3Ca® +... j9K>” + ,He* (iv) ,H' 
: A B Cc D 

{a) (i) Gi) (ili) iv) 

(bo) Gi) iii) (i) {iv) 

(c) (iv) = Gi) tit) (i) 


(d) (ili). fii) (i) (iv) 

A radioactive element is present in VII group of the periodic 
table. If it emits one a- panels the new position of the nuclide 
will be: 


196 | 


10. 


“it. 


12. 


(a) VIB. 


. (c) Steel rods 
Which of: the following ‘Rotations shows the product 


(c) , H’ > 


(bo) VII 
(c) VIIB (d) IB 
Which statement is true about 7 / ptratio? 
(a) ‘It increases by B-emission 

(b) It increases by a-emission - 

(c) It increases by y-emission 

(d) None of the above 


. How many o and B-particles should be eliminated so that an 
isodiaphere is fooned? 
(a) no, mB (b) na, (n+ D6 
(©) na - _ (d) nB 
. Match the following: 
' Series Particles emitted 
- (a) Thorium Gi) 8, 5B 
(b) Neptunium “Gi) 8a, 6B 
_(©) Actinium (iii) 60, 48 
(d) Uranium , (iv) 70,48 
im A “BO OC D 
(a) Gv) iii) Gi) (i) 
(b). (ii) (i) (iv) (iti) 
(c) Gi). @ (iv) ii) 
(@) @ (ii). iii) Gv) 


Which of the following are used as control rods in a ‘iaciéae 


reactor? _ 
(a) Cadmium rods . (b) Graphite rods 


*. (d). Alll of these 


incorrectly? 

(a) 96m”, 2n) Be ( (b). BC, n) 7N? 

(©) yN*(n, p) 6C* — @) 4 Si78(d, 2) 1 3P” 

Which is true about decay constant (A)? 

(a) Unit is time 

(b); Value of A is always less than 1 

(c) his independent of temperature 

(d) A is defined as thé ratio of no. of atoms disintegrating per 
unit time to the total no. of atoms present at that time 

Which of the following is.not correct? = (EAMCET 2006) 

(a) oe of atoms participate in nuclear reactions 

(b) 30.Ca and jf Ar are isotones 

(c) 1 amu of mass defect is approximately equal to 931.5 MeV 

(d) Uranium (U8 ) series is known as (4n + 2) series 

Correct order of radioactivity is:- 

(a) |H! > |Hi> | (b) we > ,|H’ > ,H! 

> He! > ,H? (d) |H’ > ,H =H? 

At radioactive equilibrium, the ratio between 2 atoms of 

radioactive elements A and B is 3 x ic. 21. If 4), of A is 10° 

yrs what is t,,. of B? 

(a) 30 yrs : 

(c) 3.3 yrs 


(b)3yrn 
(d) None of these / 


. Inthe sequence of the following nuclear reaction, 


va 8 
3» Y— 3 LZ —WH L 


ne. 
238 f218 
Xog > o9 M 


5 
14 


15. 


16. 


17. 


19, 


20. 


21. 
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what is the value of n? 
(a) 3 (b) 4 
(d) 6 


Co has ty) = 5.3 years. The time taken for 7/8 of ne original 
sample to disintegrate will be: 

(a) 4.6 yrs (b) 9.2 yrs 

(c) 10.6 yrs (d) 15.9 yrs 

Which of the following is/are correct? 


' (a) G-rays are more penetrating than B-rays . 


(b) a-rays have greater ionizing power than B-rays 

(c) B-particles are not present in the nucleus, yet they are 
emitted from the nucleus 

(d) y-rays are not emitted simultaneously with a and B-rays 

Select the wrong statement: 

(a) Nuclear isomers contain the same number of protons and 
neutrons 


substance taken 
(c) One curie = 3.7 x 10'° dis/minute 


-(d) Actinium series starts with U* 


In a nuclear reactor, heavy water is used to: 


- (a) provide high speed to neutrons 


“(b) reduce the speed of neutrons 


18. 


(c). capture neutrons produced by nuclear fission 

(d) transfer the heat from the nuclear reactor 

The correct starting material and product of different 
disintegration series are: 

(a) 2? Th, 2°8pp (b) 35, 2%Pp 

(c) 28u, Pb (@) 27Np, Bi 

Which of the following is/are not true? 


(a) The most radioactive element present in pitchblende is 
uranium 


’ (b) **Pis used for the treatment of leukaemia 


- (c) CO, present in the air contains 2 C only 


o) 


(d) Omission of y-rays changes me mass number but not 
atomic number 


“Which of the following is/are correct? 


(a) 1 Curie = 3.7x 10'° d/s 
(b) 1 Rutherford = 10° d/s . 
(c) 1 Becquerel = 1d/s 

(d) 1 Fermi = 10° d/s 


_ Match the List-I and List-II and select the correct ‘answer using 


the codes given below the lists: 
 List-l 


List-Il j 
‘Nuclear rector "Substance used 
"1. Moderator A. Uranium. 
io Control rods B. Graphite 
3, Fuel rods - C. Boron 
4, Coolant D. Lead 
; ' E. Sodium’ 


{PET (Kerala) 2005] 


22. 


23. 


24. 


25. 


‘ RADIOACTIVITY AND NUCLEAR TRANSFORMATION 


Codes: 

(a) 1-—B, 2—A, 3—C, 4—E 
(b) 1—B, 2—C, 3A; 4—E 
(c) 1—C, 2—B, 3—A, 4—E 
(d) 1--C, 2—D, 3A, 4—B 
(e) 1—D, 2—C, 3—B, 4—A 


Match the List-I and List-II and select the correct answer usittg 


the codes given below the lists: 


List-I List-II 
Isotope Characteristics 
A. BCa 1. Unstabté?a-emitter 
B. ee 31 2. Unstable, B-emitter 
Cc. my 3. Unstable, positron emitter 
Do em 4..Stable 
Codes: -A B.C. D . 
oar) ee | o * 2 
(b) hi Sy EE ee 
(c) 4 3 °2 I‘ 


. 


eC ey ie oe. | 


Match the List-I with List-II and select the correct answer 
‘using the codes given below the lists: 
List-I List-] 
Isotope Characteristics 
Ae ep ‘1, Location of tumour in brain 
B. Na _° "2, Location of blood clot and 
. circulatory disorders 
GP Co: 3. Radiotherapy 
py 4. Agriculture research 
Codes: A B C D. ~ 
- (a) 4 1.- 2 3 
(b) - 4 3 2 1 
(c) 4 2 33 ‘1 
(d) So 2 
os the following uae reactions: 
1. ‘4N+ 3He —> 20+ jH 
2. {Be + }H—> SLi+ tHe 
3. {Mg + JHe —> 7JSi+ on 
4. 28+ $He—> BN+ bn 
Examples. of “induced radioactivity would include the 
reactions: 
(a) 3 and 4 “(b) Land 2 (c) 1,3 and 4 (a) 1,2,3 and 4 
Match the Column-I Radio-isotope with Column-II Medicinal 
_use and select correct matching: 
Colome-t — Colema-Ti 
(1) “Co (a) Leucaemia 
(my 3 (b) Anaemia 
(Ill) Fe (c) Cancerous tumours 
(Iv): Pp (d) Disorders of thyroid gland 


@ Io d; Wa; IV—b. 


26. 
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‘(c) 3 and 4 


(b) Ia; T-—b; Ic, IV—d © 
(c) I—c; II—d; I-—~b; IV-—a 

(d) I—d; II—c; I-—b; IV—a 
Column-Ii - 


Column-I ; 

(ic (a) Unstable and B-emitter 

(ID) 7}'Na (b) Stable . 
(1D '3N (c) Unstable, positron emitter 
(Iv)'3C (d) Unstable, o.-emitter 
Correct matching is/are, fac 
(a)Tonly) (b) III only * 

~ (c) and IV (d) I and Tl 


Which of the following statements is/are correct? _ 

1. A nucleus in an excited state may give up its excitation 
energy and return to the ground state by emission of 
electromagnetic y-radiation. | 

2. Y-radiations are emitted as secondary effect of o and 


B-emission. oe a 


3. The nuclear isomers produced by y-ray bombardment have 
the same atomic and mass number but differ in. their 
life-times (whatever their ground state may be). 

4. X-ray and y-ray are both electromagnetic. 


(a)land2  (b)1,2and3 (c)2and3 (d) 1, 2, 3. and4 


Which of the following statements is/are correct? 


1. When an electron is emitted by an atom and its nucleus 

gets de-excited as a result, the process is called internal 

conversion. 

2. Electron capture and positron emission are identical. 

3. Neutrons are emitted in the electron capture process. 

4. Pair production is a process which involves the creation of 

positron-electron pair by a photon of energy 1.02 MeV. 

(a) 1 and 2 (b) 1,2 and 4 

(c) 2, 3.and 4 (d) All are wrong 

A nuclide has mass number (A) and atomic number (Z ). 

During a radioactive process if: 

1. both A and Z decrease, the process is calleda- decay. 

2. A remains unchanged and Z decreases by one, the process 
. is called B* or positron decay or K-electron capture. 

3. both A and Z remain unchanged, the ae is called 
_ y-decay. 


* 4 both A and Z increase, the process is called nuclear 


isomerism. 

The correct answer is: 

(a) 1,2 and3 _ (6) 2,3 and 4. - 

(c) 1,3 and 4 (d)l,2and4 

In the decay process: - o 
: =o -a@ -B ‘ ; 


1. A and.B are isobars : 
2. Aand Dareisotopes  ~ 
3. C and D are isobars 

4. A and C are isotones 

The correct answer is: : 
(a) 1 and2 (b) 2 and 3 
(d) | and 4 
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The nuclide X undergoes a-decay and another nuclide YB” - 
decay. Which of the following statements are correct? 


"1. The B’ -particles emitted by ¥ may have widely different 


32. 


speeds. 
2. The o-particles emitted by X may y have widely different 
speeds. 
3. Thea-particles emitted by X will have almost same 
speed. 
4. The B-particles emitted by Y. will hae the same speed. 
(a) | and 3 are correct (b) 2 and 3 are correct 
(c) 3 and 4 are correct (d) | and 4 are correct 
Fill in the blank space with a suitable answer selected from the 
list below. Write only the letter (A, B, C,... 
answer in the blanks. 
Answer 


eh) 12 .C+1H 3 


4 7 AL + 1H —> Mg + 


, etc) of the correct 


G.R.B. PHYSICAL CHEMISTRY FOR COMPETITIONS 


(iii) 
(iv) 73 As + ?7H—> 36Mn +9!H+12 bn 


(v) 7H+ 7H—— jHe + jn 


2 
2U+ pn ney Ba + Kr +3 hn 


Answers: 
A: Projectile capture 

B: Spallation 

C: Fusion 

D: Projectile capture and particle emission 

E: Fission 

Select the correct answers according to the given codes: 
Codes: () (ii) (iii) (iv) {v) 


“(a) A D E B C 
(b) DC A —E B 
(c) A B C OD BE 
(d) Be (Dy Ci. 


ee TYPE QUESTIONS 


The questions given below consist of two statements.each printed as 
Assertion (A) and Reason (R). While answering these questions 
you are required to choose any one of the following fonr: 


(a) If both (A) and (R) are correct and (R) is the correct 
explanation for (A). 


(b) If both (A) and (R) are correct and (R) is not the correct _ 


explanation for (A). 
(c) If (A) is correct but (R) is incorrect. 
(d) If both (A) and (R) are incorrect. 
(e) If (A) is incorrect but (R) is correct. 
(A) Mass numbers of most of the elements are fractional. 


(R) Mass numbers are obtained by comparing with the mass ._ - 


number of carbon taken as 12. 

(A) The activity of 1 g pure uranium-235 will be greater than 
the same amount present in U;O,. 

(R) In the combined state, the activity of the radioactive 
element decreases. 

(A) a-rays have greater ionising power than p. 

(R) a-particles carry 2°. charge while B-particles carry only I 
charge. , 

(A)B-particles have greater penetrating power than o-rays but 
less than y-rays. 

(R) B-particles are lighter than a but heavier than y. 

(A) During B-decay, a new element with atomic number 
greater than one is obtained. 

(R) Protons and neutrons keep on changing into one another 
through meson. 

(A) The average life of a radioactive element is infinity. 

(R) As a radioactive element ss more of it is 

_ formed in nature by itself. 

(A) Hydrogen bomb is more powerful itis atomic bomb. 

(R) In hydrogen bomb, reaction is initiated. 

(A) The archaeological studies are based on the radioactive 
decay of carbon-14 isotope. 

(R) The ratio of C-14 to C-12 in the animals or plants is the 
same as that in the a aa 


9. 


11. 
12. 


13. 


(A) The reactions taking place in the sun are nuclear fusion 
reactions. 

(R) The main reason for nuclear fusion reactions in the sun is 
that H, is present in the sun’s atmosphere so that hydrogen 
nuclei can fuse to form helium. 


. (A) In a radioactive disintegration, an electron is emitted by 


the nucleus. 

(R) Electrons are always present inside the nucleus. 

(A) In radioactive disintegrations, ,He* nuclei can come out 
of the nucleus but lighter , He° can’t. 

(R) Binding energy of He’ is more than that of He’. 

(A) Protons are better projectiles than neutrons. 

(R) The neutrons being neutral do not experience repulsion 
from positively charged nucleus. 

(A) Enrichment of U?* from a mixture containing more 
abundant Us is based on diffusion of UF,. 


’ (R) UK, is a gaseous compound under ordinary conditions. 


14. 


15. 


16. 


17. 


18. 


(A) The nucleus emits B-particles though it doesn’t contain 
any electron in it. 

(R) The nucleus shows the transformation 
on — p+ + anti-neutrino for B-emission. 

(A) Any kind of exchange force helps the nucleus to be more 
destabilised. 

(R) %t-mesons are exchanged between nucleons incessantly. 

(A) Nuclide ,,Al*” is less stable than Ca”. (HIF 1998) 

(R) Nuclides having odd number of protons and neutrons are 
generally unstable. 

(A) During B-decay, a new element with atomic number 
greater than one ‘is obtained. ; 

(R) Protons and neutrons keep on changing into one another 
with the help of meson. 

(A) The position of an element in periodic table after emission 
of one & and two B-particles remains unchanged. 

{R) Emission of one & and two B-particles gives isotope of the 
parent element which acquires same position in the 
periodic table. 
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19. (A) Nuclear isomers s have same atomic number and same mass 
number but with different radioactive properties. 
(R) U4) and Uczy are nuclear isomers. 
20. (A} The emission of o-particles results in the formation of 
isodiapheres of parent element. 
(R) Isodiapheres have same sta io number. 
~ ‘ 
21. (A) 73,U (IB) —> A —",B +, C 
(R) Blerhent B will be of IIA group. 
22. (A) -particles are deflected more than Cpaece in a given 
electric field. : 
(R) Charge on o-particles is larger than on B-particles. 
23, (A) The nucleus of gold is stable even though there is a very 
strong coulombic repulsion among the protons. 
. (R) The inverse square coulomb force is exactly balanced by 
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another inverse square fice which is very pew? ie, 
nuclear force. 
24, (A) K-shell electron capture is detected Dy analysing the 
‘wavelength of X-ray emitted. 
(R) The wavelength of the X-ray is characteristic of the 
daughter element and not the parent element. 
25, (A) Half life of a radioactive isotope is the time required to 
decrease its mass number by half. 
(R) Half life.of radioactive isotopes is independent of initial 
amount of the isotope. 
26. (A) Ina nuclear fission process, the total n mass of fragments is 
always greater than the mass of the original nucleus. 
(R) Difference in the mass due to the’ fission of a heavy 
nucleus is converted into energy according to mass-energy 
conversion. (S_ BA B87; 


1. (b) 2. (d) 3. (e) 4, (c) 5. (d) 6. (a) 7. a) 8. (d) 
9. (e) 10. (c) Ul. (c) 12. (b) 13. (b) 14, (d) “15. (a) 16. (c) 
17. (c) 18. (a) 19. (c) 20. (b) 21. (a) 22.4). 23. (d) 24, (d) 
25. (c) 26. (a) 37, () 28. (a) 29. (a) 30. (c) ~ 3h (o) 32. (d) - 
33. (c) 34, (d) 35. (b) 36. (b) 37.. (c) 38. (a) 39. (c) 40. (a) 
41. (d) 42. (c) 43. (a) 44; (d) 45. (b) 46. (a) 47. (a) 48. (b) 
49. (b) 50. (d) 51. (c) 52. (d) 53. (b) 54, (c) 55. (d) 56: (c) 
57. (a) 58..-(c) 59, (b) 60. (d) 61. (a) 62. (a) 63. (c) 64. (b) 
65. (d) 66. (a) 67. (a) 68. (b) 69. (b) 70. (a) 71. (a) 72. (c) 
73. (b) 74. (c) 75. (a) 76. (a) 77. (a) 78, (b) 79, (c) 80. (d). - 
81. (a) $2. (b) 83. (c) 84. (d) 85. (b) "86. (b) 87. (d) 88. (b) 
89. (b) 90. (c) 91. (a) 92. (a) 93. (c) 94. -(d) 95, (b) 96. (a) 
97. (b) 98.. (b) 99, (a) 100. (d) 101. (4) 102. (d) 103. (b) 104. (a) 
105. (b) 106. (c) 107. (d) 108. (b) 109. (d) --> = 110. (b,d)- 111. (b) 112. (b) 
113.- (b,c) 114. (d) 115. (c) 116. (b). 117. (d) 118. (d) 119. (a) 120. . (b) 
121. (a) 122. (c) 123. (d) 124, (a) 125. (d) 126. (c) 127. (d) 128. (c) 
129. (a) 130. (c) 131. (b) 132. (b) 133. (c) 134. (a) 135. (b) 136. (a) 
137. (c) 138. (a) 139. (c) 140. (a) 141. (c) “142. (c). 143. (d) 144. (a) 
145. (a) 146. (a) 147, (a) - 
@ Set-2 6 
1. (b) 2. (b) 3. (a,b,c) 4, (b) 5. (c) 6. (c) ee) 8. (a) 
9. (c) 10. (b) IL. (b) 12. (c) 13. (b) 14 15. (b,c,d) - 16. (c,d) 
17. (b, d) 18. (a, d) 19. (a, d) 20. (a,b,c) 21. (b) 22. (d) 23. (c) 24. (d) 
32. (a) 


1 


25. (c) 26. (d) 27. (d) 28. (b) - 29. (a) 30. (b) 31. (a) 


1. @) 2. (d) 3. (b) 4, (2) 5, (b) 6) 7, (b) 8. (a) 
9. (c) 10. (c) 11. (c) 12. (d) 13. (a) 14. (a) 15. (d) 16. (a) 
17. (b) 18. (a) 19. (a) 20. (c) so 24. ) 22. (a) 23. (c) 24, (b) 


. The following questions contain single correct option: 


1. 


© 


‘3. 


(a) 1 sec 


The average life of a W gm sample of 200 RaF is T seconds and 
average energy of the B-particles emitted is E MeV. At what 
rate in watts does the sample emit energy? 


‘es — ee x 10-16 cae ; (b) Sdn oe x 1073 
aE. x10°8 (d) None is correct 
(Hint: Pee of B-particles emitted per second 
. gv a fee MN 
T 200 
Energy evolved per second’ 


= EE xy x8 x16 x10 x10 Jee : 
T 200 


ee ——© x 107! watt per second } 


In miclear | ene 0.01% mass is converted into energy. The 
energy released by the fission of 100-kg mass will be: 


~ 9x 108s . (b) 9x10! kI() 9x 107 J (d) 9x 103 kJ’ 


Hint: Am = 100-29! - 0.01 kg 
; 100 


' E=Ame =0.01x (3x10) J 
=9x 10 J=9x 10" kJ] 
The activity of a radioactive substance is R, at time #, and aR, at 


time f, (> t, ). Its decay constant is A. Then: 


(@) Rif =Roty (b) Ry = ReX2- 
()R,=Rere-D) © ay 22 ~ constant 
Ag wh 

st Ry Re Oe ook f 

int) =O R= RAND) 
ee nen j 
The age of a specimen ‘?’ is related to the daughter/parent ratio 
by the ae ae . é 
atest — : bras in 1+— 
@razm[Z) ~ wrnzin[isd) 


@r=rin(t+2) oraz tn(2+5) 


_ Aradioactive substance is s being. produced at a constant rate of 


200 nuclei/sec. The decay constant of the substance is:1 sec”! 
After what time will the number of radioactive nuclei become 
100? Initially, there are no nuclei present. 


(b) 2 sec ln Q) see ne om 


Hint: N=N,e™ 
100 = 200¢'*! 
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Se Rol 


t=In (2) sec] 


6. The rate of decay of a radioactive sample is given by R, at time 


t, and R, at a later time t,. The mean life of this radioactive 


. sample is: 
R t in-t 
ay T= 21x 2 p= 
(a) Bc fh ). In (R,/ R,) 
(T= —4 (ay 7 = MB LRe/ Ri) 
In mB) t —t 
[Hint: ~— . R, = Rye? 
R, =Ry e™ 
- On aah the above equations, we get 
= pli -f) 
Z 
R 
In (2) = A(t) — t) 
1_ &-4) 
A in (R,/R)) 
T= Gi < b) ] 
In R /R,) 


Isodiapheres are the atoms of two elements having same 
values of: 


(a) pin (b)(p—7) ©l-p) (d)nx p 


_[Hint: — Isodiapheres are formed by a-decay 


M4 - tHe—> 4B 
WA =(M -Z)-Z=(M —2Z) 
2B = {(M -4)-(Z-2)}-(Z-2) 
={M-Z-4-Z+2 
=(M - 22) 
“(1 — p)of.isodiapheres are same.] 
ip a sample of radioactive material, what fraction of the initial 


number of active nuclei will remain undisintegrated after half 
ofa on life of the ria 


(n- p)in 
(a-p)in 


1 
@-+ mo ot... @v-1. 
4 wW2 V2. 
0.693 2.303 N 
int: = 1 8 
. bye t oo 
2.303 x log2 2.303 (42) 
<a ——~ logig | — 
2 (44;2/2) N 


N 
logig (27) = logyo (2) 


10. 
_ @-emission, while at Pb decays by p 


11. 


12. 


13. 


14. 


15. 


RADIOACTIVITY AND NUCLEAR TRANSFORMATION 


Let T be the mean life of a radioactive sample. 75% of the 


active nuclei Present in the sample initially will decay in time: 
(a) 2r (by 4 5 (log, 2)T oa 4T (d) 2 (log, 2)T 


a4 Po (t;2 = 183 a decays to 
emission. In how much 
time the number of nuclei of 4/Pb will reach to the 
maximum? 


(a) 182 sec (b) 247.5 sec (c) 308 sec (d) 194.8 sec 
. ay = 2883 = (3.786 107 ? see 3 seqmy 
(Hint: 2!°Po + 
7 84 ‘ ; 
Ay = 283 ~ 304% 1073 see 
214 161 
ig 
_ 2303 a 
mm A, ae Ay * . Ay 
- 2.303 _ 3.786 x 107? 
3.786 x 1077 — 4.304 x10°* 4.304 x 10-3 
2 a z [- 0.05569] 
= 247.5 sec] 


Fusion reaction takes place at high temperature because: 
(a) atoms are ionised at high temperature - 

(b) molecules break up at high temperature 

(c) nuclei break .up.at high temperature 


(d)kinetic energy is high enough to overcome repulsion 
_ between nuclei 
In the radioactive change, 


gP — 7, (0 9 7. R— 4. 1s 
the radiations emitted in sequence are: 
(aja,B,y . (b)B,0,y (©)y,a,B @B.y.a 


The half life of a radioactive isotope is 3 hours. If the initial 
mass of the isotope were 256 g, the mass of it scenstning 
undecayed after 18 hours would be: 


(a) 12g (b) 168 (c)4g (d) 8g 
(Hint: N=No(5} n= number of half lives == = 6 


1% 
-256( 4] =4g] 


In an old rock, the mass ratio of 738 U to 7% 2Pb i is found to be 
§95: 103. The age of the rock is (Mean life "of? ui is Tp): 


in 028 
In 1.2 595 
Ty In 1.2 Ty | T, d) 7, 
(a) Tp In 0% in BS = Oh @E—2 


2.303 


N 
fae’ he eG Xs) 
Mine = 25 (ts 

ok A ae 
— =- ly | ————. 
Tp ¢ 595 
698 
(t=Tyl 
on SP 


80% of the radioactive nuclei present in a sample are found to 
remain undecayed after one day. The percentage of undecayed 
nuclei left after two days will be: 


(a) 64 (b) 20 (c) 46 (a) 80 


ao Pb (t,;7 = 161 sec) by. 


16. 


17. 


18. 


19. 


20. 


"Hint: -N = Ny (3) 


2.303 N 
Hint: 4 2 2303 a 
[ at 7 | 
2.303 100) ; 
=—== log| — mi 
7 og( “4 o» (i) 
a= a og () i) 
2.303 100) 2.303 100 
——— lo = log 
1 80 2 N 
(5) _ 100 
4 N 
N =64] 


A sample of radioactive material has mass ‘m’, decay constant 
A and molecular mass ‘M . If N 4 is Avogadro’s number, the 
initial activity of the sample is: 


(a) Am (b)A 7 a) (d) mMe* 

A xadioactive nucleus can decay by two different processes. 
The mean value period for the first process is Z, and that for 
the second process is Z,. The effective mean value period for 


the two processes is: - 


M 


+ Zz 
@4242 &4+% WAR A 

2 Z, +2 
The radioactivity of a sample is R, at time 7; and R, at time 7). 
If the half life of specimen is 7, the number of atoms that have 
disintegrated in time (7, — 7, )is proportional to: 


’ (a) (RiT, — RyT,) (k) R, - 
() 4 ®) (@ (Ry - RI 
(Hint: Rate = A x Number of atoms of element yet not decayed. 
R,=AXN, 
R,=AXN, 
Number of atoms rae in oe (T, - eae ; 
r ue — “0. a 
.. Number of atoms decayed in time (7, — T,) = T(R, - R,)] 
Half life period of lead is: a 
_ (a):zero (b) infinite (c) 1590 years (d) 1590 days 


A freshly prepared radioactive sample of half life 2 hours 


" emits radiation of intensity which is 64 times the permissible 


safe level. The minimum time after which it would be possible 
to work safely with this source is: 


(a)6brs° — (b) 12 hrs (¢) 24 hrs 
ely if, - 


. (d) 128 hrs 


n=6 
_ t=2x6=12 hours] 
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21. 


22. 


23. 


24. 


25. 


26... 


27. 


(a) @-emission 


G.R.B. PHYSICAL CHEMISTRY FoR COMPETITIONS 


Which of the following is the best nuclear fuel? 28. 
(a) yy (b) 2° Th () 2°Pu (4) 2°Np 
A radioactive clement decays by parallel path as given below: 
1 
A—>B 4, =1.8x107? 
Ag 
2A—>B =, = 10° sec"! 
Average life of radio-nuclide A will be: 
(a) 52.63 sec (b) 500 sec (c) 50 sec (d) 120 sec 
[Hint : A=A, + 2A, 29 
=18x1074+ 2x 107? 
=2x 10°? sec” 
t= Je : 50 sec} 
X 2107? 
Among the following, which has the longest half life? 
(a) 22. Th (b:)32Np ©) 38,U @) 2u 


Which of the aie is likely to be least stable? 
(SCRA 20875 


30. 
(a) 39Ca (bY 35Mn_— (c) Sn) GRA 

[Hint: ca 33Mn us gon . Al 

Ef 20 _ 30 12 eas VT aay 

p. 20 25 50 13 


All are stable according to n/p rule but experimental — 
observations confirm that {Al is radioactive with half life of 
3.7 sec] 


77 Ali is a stable isotope. re ? Al is expected to disintegrate by: 
(b) B-emission 

(c) positron emission (d) proton emission 

[Hint: Number of neutrons will be reduced by §-decay. 


ja ——> {H+ _fe+ Antineutrino + Energy] 31 


For a.radioactive element, a graph of log N against time has a 
slope equal to: 


x Xr 
+ 2.3032 (b 7 am -———  (d)— 2.3030 
(a) (b) 2303 (c) 7303 (d) 
[Hint: log NV, —logN - 
{ -r 
log N = gern ~) f+ log No 

Ye eas 

on Slope (M)= | 32 


Two elements P and Q have half lives of 10 and 15 minutes 


respectively. Freshly prepared samples of each isotope 
initially contain the same number of atoms as each other. After 


30 minutes, the ratio gimber 08 F atoms will be: 


number of Q ators 


(a) 0.5 (b) 2: (c) 1 (d)3 - 33. 
{Hint: In 30 minutes, there will be 3 half lives of P and 2 half 
lives of QO. 


.. Number of P atoms will be 1/8 th and number of Q atoms will 
be 1/4th of original atoms. 
Number of atoms of P 
Then, 


Number of atoms of O 


_V8_ 1 
"V4 os 


12,05] 


following expression will be a constant: 


Select the wrong statement among the following: 
(a) Antineutrino can be detected during B-emission 
(b) Neutrino was predicted to conserve the spin of a nuclear 

reaction 
(c) Synchrotron can accelerate neutrons 
(d) Area of cross-section of nucleus is about | barn 

(1 barn = 10° cin?) 

[Hint: Synchrotron can accelerate only charged particles, not 
the neutral particles like neutron. ] 
A radioactive atom ‘X” emits a B-particle to produce an atom 
‘Y’ which then emits an a-particle to give an atom ‘2’: 
(1) The atomic number of ‘.X’ is less than that of ‘2’ 
(2)-The atomic number of ‘Y’ is less than that of ‘Z’ 
(3) The mass number of ‘X’ is same as that of ¥’ _ 
(a) 1, 2 and 3 are correct 
(b) | and 2 are correct 
(ce) 2 and 3 are correct 
(d) 3 is correct 
Which one of the following is an exact Fecanicle of artificial 
radioactivity? 
(a). 3Na + on —»> Na +7 


t)Na + |H— j]Mg + 9” 
sHe + ‘4N—> %20+/H 


(b) 


7Ot}n— Yory 


* (c) He + T Alas PoP + on 


ig P—> 7fSi+ ,fe 
28 Ac —> 72 Th +B 
Th => 2 Ra +0 


Consider the following decay series: 

A-——- B—3C—D . 
Where, A, B andC are radioactive elements with half lives of 
45sec, 15 days and 1 sec: respectively and D_ is 


(d) 


non-radioactive element. Starting with 1 mole of A, the 


number of moles of 4, B, C and D left after 30 days are: 
(a) one mole of D and none of A,B orC 
(b).3/ 4 mol of B, 1/4 mol of D and none of 4 or C 


‘(c) 1/4 mol of B, 3/4 mol of D and none of 4 or C 


(d) 1/2 mol of B, 1/4 mol of C, 1/4 mol of D and none of A 
(e) 1/4 mol of each 4, B,C and D 
Consider the following nuclear reactions: 

3M ——> <N+23He 


iN —— 41428" 


’ the number of neutrons present in the element ‘L’ is: 


(a) 142 po (b) 144 
(140 ay, (d) 146 . 
If n, is the nuntber of radio-atoms present at time ‘r ’, the 


[pe ee {West Ber wpady 2 pA! $65} 


() d inn, (a) in, 
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_an, 


[Hint ; =An, 
dt- 
Lary _ 
i, dt 
<4, n,) = —A (constant) | 
G.-emission emission i -emission 
34, 733Bi >A >B —>C 
B-emission © o-emission 
»D +E 

‘E’ is an element of re nucleus. What is the element ‘£”? 
(ay Tl = (b) Pb () He (A) “Au 


35. Aradioactive element decays to one third of its initial amount 
in time ‘2’. What fraction. of the element would be left after 0.5 


foetal 
@- OO. + oF oe 
is a 3 3 
---e 2,303 No 
Hint : A = —— log} —2 
{Hin ee og (%2) 
Wook ip 
—- = In time ‘¢ 
Ny 3 . 
iis “ ing He 
After 0.5 f time : 
2.303 (N 
A == log| —2 Ai 
Oe OSt °( 5°) om 
Equating (i) and (ii) we get 
No v3" 


36. Two radioactive isotopes A and B of atomic mass X and Y are 
mixed in equal amount by mass. After 20 days, their mass ratio 
is found to be 1 : 4. Half life of ‘A’ is 1 day. What will be the 
half life of B ? 
(a) 1.11 day 


xX 
c)0.11—d 
(c) Pad 


(b) 0.6237 day 
Y 

d) 1.11 da 

(d) x y 


{Hint : Let 1 g of both A and B are taken initially. ¥, and W, 
are the amounts left after 20 days. 


a 2.303 ie 1 
20 W, 
y= 2.303 1 
20 Ww 
2.303, W, 
Ay Ag = log —2 
. 0 W, 
soo log 4 = 0.0693 
20 
Ag = Ag 0.0693 = 0.693 _ 9.0693 
hie 
ma oo ~ 0.0693 = 0.6237 
3 
h.B = ane = 1.11 day] 


37. A sample of rock from the moon was found to contain the 
elements X and Y in 1:7 ratio by mole. Element X is 
radioactive, it decays to ¥ with half life of 6.93 x 10° years 


X mney Y 
typ = 6.93 x 10° yrs] 
What is the age of the rock? : 
(a) 2.079 x 10'° years (b) 1.33 x 10° years 
(c) 1.94 x 10!° years - {d) 10'° years 
[Hint : Ny =1+7 = 8 (Initial moles of .X ) 


N=l1 (Remaining moles of X ) 
We know; . 


0.693 — 2.303 ( vs) 
= log i. 
hia t .N 
0.693 - 2.303 oe 
6.93x10 —t bi; 
"t= 2.079 x10" years] 

38. If the relation between time of decay (4 and half life period 

"(to is (f = 4 4,7) the relation between ¢ and mean life (7) 

is: 


In 2 . ; Re ee, 


(ear 


sein, questions may have more than one correct options: 
1. Which of the following nuclei are on magic? 


(a) He (b)'50 ("Pb (4) *U 
2. Which of the following make up an isotonic triad? 

(a) 4c, ‘50, '5N (b) 3$Ge, 33As, 3;Ga 

(0) ig Ar, i9K, 29Ca (d) *S2U, “SoTh, “SaPu 
3. In the decay process: 


(b)27* In2 (c)47In2 (d)27 In2 


VEU OVeed.) 2029) 
(a) A and B are isodiapheres (b) A and Da are isotopes | 
(c) B,C and Dare isobars (d) A and C are isotones | 
4. A nuclide X undergoes a-decay and another nuclide ¥ 
undergoes B-decay. Which of the following. statements are 
correct? 
(a) The B-particles emitted by Y may have widely different 
*speeds 
(b) The a- particles emitted by X may have widely different 
speeds 
(c) The -particles emitted by X ‘will have almost the same 
speed 
(d) The B-particles emitted by Y will have the same speed 
5, Which among the following nuclides is/are likely to a stable? 


(a) {3P (b)j2Mg ©) "MoIn NAC 
6. Which among the following is/are ae 
(a) 33 aU (b) aU C5 7,P (d) *4 ee 


7. Select the correct statements among the deieae 
(a) The decay of mass ‘during nuclear fusion and nuclear 
fission are 0.1% and 0.231% respectively 


(b)Lesser is the half life, more dangerous is the radioactive 
element 


(c) K-electron capture emits y-rays 


(d)Nuclear forces are about 10”! times stronger than 
coulombic forces 


204 = 3 G.R.B. PHYSICAL CHEMISTRY FOR COMPETITIONS 


8 A radioactive element has atomic number ‘Z’ and mass number ae _ The correct starting material and end product of different 
‘A’, Select the correct statements among the following: disintegration series are: 
(a) Both ‘A’ and ‘Z” decrease in o.-decay (a) Th? Ph (b) a U2 Pb 
(b) Both ‘A’ and ‘Z’ remain unchanged in y-decay () 238 [J 207 pp —@ 237 Nip 2? Bi 


(c)‘A’ remains unchanged and ‘Z’ decreases by one; the 
process is called B* (positron) decay or K-electron capture 

(d) Both ‘4’ and ‘Z’ increase in the nuclear isomerism 
9, When nucleus of an: electrically neutral atom undergoes a 


12. Select the wrong statement(s): 


(a) Nuclear isomers contain the same number of protons and 
neutrons — 


(b)The decay constant is ere of the amount of the 


_ radioactive decay process, it will remain neutral after the substance taken 
decay if the process is: (c) | curie = 3.7 x 10" dis 
(a) an o-decay Op a (b) aB-decay . 7 a : dig 
(c) a y-decay : (d) a K-capture process (d) Actinium series Starts with U 
10. Which of the following is/are characteristics of nuclear _‘'13-- Which of the following are synthetic elements? 
forces? (a)To = (b) Pu ()Np - @WU 
(a) These forces operate within small distances of 2 x 1073 om 14. Which of the following nuclides belong to actinium eee 


series? __ 
' (b) These forces drop to zero rapidly at a distance greater than 


a. (a) 73Po ao) 215g (c) 22 pe (@) 207 py 
1.4 x 10° fermi : 15. Ina nuclear reactor, heavy water is used to: 
(a) transfer the heat from the reactor 
(b) provide high speed neutrons for the fission reaction 
. (c) reduce the speed of fast moving neutrons 
(d) increase the speed of neutrons 


* (c) They follow inverse square law 
(d) aed are stronger than electrostatic forces of attraction 


e Single correct option 


1. (a) 2. (b) 3. ©) 4. (c) 5. (b) ~6 (0b) 7% © 8. (c) 
9d) 10.) 1. (@) 12.0) 13. © 14. (b) 15. (2) 16: (0) 
17. (d) 18. (d) 19. (b) 20. (b) 21. (c) 22. (c) | 23. (a) 24, (d) 
25. (b) 26. (c) 27. (a) 28, ©) 29. d) 30. @) 31. @) 32. (b) 
33. (©) 34. (b) 35: (a2) si Ds. CQ) 38. (c). , 


@ One or more than one correct options 


1. (abc) 2. (ad) 3. (abc) 4c) 5. (bd) 6. (a,c) 7. (ab,d)- . 8. (a,b, 0) 
9 (c,d) 10. (abd). (@d) (12, @b) 13, @bo) 14 Hd) 18. (0) 7 
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Integer Answer TYPE QUESTIONS | 


- This section contains 7 questions. The answer to each 
of the questions is a single digit integer, ranging from 
0 to 9, If the correct answers to question numbers X, Y, 
Z and W (say) are 6, 0, 9 and 2 respectively, then the 
correct darkening of bubbles will look like the given 
- figure : , 


uclear 


1. The total number of a and EP: particles emitted in the 
reaction : 
bo SU——> 75Pbis : GIT 2009) 
2. The ¢,;, of a radionuclide is 8 hours. Starting with 40 g of the 
. isotope, the amount in gm remaining after one day will be: 


= 


3. = quantity of a radioactive nuclide disintegrates in two 


hours, its half-life (in hour) will be: 


"4, 


‘7TBe captures a K-electron into its nucleus. What will be the 


mass number of resulting nuclide? 


. {Hint : In X-electron capture, a proton of nucleus changes into 
" . neutron. 


jH+ je—> gn 


4Be+ Ye— 3Li 


22TH disintegrates to 208 Pb. How many of B- Particles are 
evolved? 
What mass in milligram of 7*°Ra, whose (t,)) = 162090, will 


be required to yield | millicurie of radiation? 

The number of neutrons emitted when 733U ieee 
controlled nuclear fission to '$;Xe and ?Sris: (IIT 2010) 
[Hint : QU Wxe+ HSr+ 3 [dn] 


2. (3) 3.) 4. (1) 


2 


5. (4) 6. (1) 7. 3) 
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e Passage ‘ 1 


There are four radioactive decay series called thorium (4n); 
uranium (4n + 2); actinium (4n + 3) and neptunium (An + 1) series. 
Neptunium series is artificial while other three series are natural. 
End products of each radioactive decay series have stable nuclei. All 
natural decay series terminate at lead but neptunium or artifi cial 
series terminates at bismuth. 

Answer the following questions: 


1. The end product formed in the disintegration of * eRa is: 
(a) "STL (b) “Pb —(c) Rn (d) “Bi 

2. Actinium series begins with an isotope of: 
(a) actinium (b)radium = (c) uranium = (d) polonium 


3, a0 «Rn is a member of actinium series. Another member of 
same series is: 


@ BU) ™BAc BT (@) "Po 
4. The end products of uranium and actinium series are 
respectively: 


(a) 2° Pp, °7 Ph (b) pp, 28 pp 
(c) 2’ ph, 2°? Pb (d) pb, 28 Bi 

5. The starting isotope and the end product isotope of actinium 
series are: 


(a) “s a Ac and a 


(c) *34 Uand aad Pb 


(b) 73 Uand 7% 
(d) 743, U and ae, Pb 


e Passage 2 


Initially the earth was a fire-ball; slowly it has cooled to form.’ 


earth crust and its different layers. At the beginning a 6 was 


present and no 7°, ged was there. With the passage of time, uranium 


Ba 


Cennee. to “g) Pb. The decay process is: 


ou ——4 70 Pb; 
Go, vB) ~ 
Answer the following questions: 
1. xand yin above decay series are: 
(a) 6, 8 (b) 8, 6 (c) 8, 8 (d) 6, 6 
2. Asample of rock from South America contains equal number 
of atoms of “*U and 7°° Pb, The age of the rock .will be: 


- (a) 4.5 10° years (b) 9x 10° years 
(c)13.5 x 10° years (d) 2.25 x 10° years 


tj. of 38 = 4.510" yrs 


(Hint: 0.693 _ 2.303 ie (Xe) 
by2z lage N 
0.693 _ 2.303 (2) 
45X10" tage 1 
_ 9 
lage = 4.5 10° yrs. 
No=1l+1=2, N=]] 
3. Atomic mass of ** Uis 238.125 amu. Its packing fraction will 
be: 
(a) 5.25 (b) 0.125 (c) 12.5 (d) 1.25 
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’ 28 LINKED COMPREHENSION TYPE QUESTIONS 6= 4@e 


4. The analysis of a rock shows the relative number of “8 and 
206 Pb atoms (Pb/U = 0.25). The = of rock will be: 


2.303 9 2.303 9 
x 4.5x 10? log 1.25 (b X 4.5.x 10° log 0.25 
(eos og O06 205 og 
OFF 2. _ “ts 45x10? jos 4 (d) _2303_ 
45x 


- x 0.693 log 4 


a obs one of the first inhabitants of Lord Howe 
Island, decided to plant some European deciduous trees in his 
garden. Unfortunately the exact timing of planting the seeds is not 
known. Over the years, pollen produced by the trees accumulated at 
the bottom of the lake near Nathan’s house. Very small quantities of 
radioactive 7'° Pb (t,;. = 22.3 years) were deposited at the same 
time. Note that European deciduous tro. 


veollinate in their first year 
of growth, 


In 1995, a team of researchers sampled a sediment core from the_ 


bottom of the lake. The examination of sediment core found that: 
(a) Pollen of trees first occurs at the depth of 50 cm. 
(b) The activity of *'° Pb at the top of sediment core is 
356 Ba/ kg and at 50 cm depth 1.40 Bq / kg. 
Answer the following questions: 
5. In what year did Nathan Thomson plant the seeds? 


(a) 171942 (b)1819+2 (c)1519+2 (d)191942 
Hint: 0.693 = 2.303 53 No 
hye lage N 
0. 0.693 _ 2.303 (35) 
log) —— 
ag tage \ 1.40 
= 176 yrs] 


6. Which “ in the decay scheme explains how 7!°Pb ends up 
in rain water while its parent ?*U is only present in earth’s 


crust? 

(a) By — Bary (b) 23445 __ 20TH 

(c) 70 Ty _ 26p, (d) 26R_  2pny 
e Passage 3 


In the atmosphere, carbon dioxide is found in two forms, i.e., 
2CQ, and SCO Plants absorb CO, during photosynthesis. In 
prescice of chlorophyll, plants SvOlese glucose. 

6CO, + 6H,0 a CoH, + 60,T 

Half life of *C is 5760 years. The analysis of wooden artifacts for 
'4C and °C gives useful information for determination of its age. 

All living organisms, because of their constant exchange of CO, 
with the surroundings have the same ratio of 4C to ss Sp Le, 
1.3x 10°. When an organism dies, the “C in it keeps on decaying 
as follows: 

4c 4 0 
gC > WN + _,e + Energy 

Thus, the ratio “C /'? C decreases with the passage of time. We 
can measure the proportion of '*C in the remains of a dead organism 
and determine how long ago it died. The method of carbon dating 
can be used to date anything made of organic matter, e.g., bone, 


\ 
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skeleton, wood, etc. Using carbon dating, materials have been dated 
to about 50,000 years with accuracy. 
Answer the following questions: 
1. 'C exists in atmosphere due to: 
(a) conversion of '7C to 4C 
(b) combustion of fossil fuel 
(c}bombardment of atmospheric nitrogen by cosmic ray 
neutrons 
(d) none of the above 
2. A wooden piece is 11520 yrs old. What is the fraction of 4C 
activity left in the piece? 


(a) 0.12 (b) 0.25 (c) 0.50 (d) 0.75 
0693 2.303 (Hey 

Hint: = lo 

hye ae Tage ew } 


0.693 2.303 (No) 
= 08 | | 
5760 «11520 “NG 
N25} 
No 
3. In the process of photosynthesis, O, gas is released from: 
(a) CO, . (b) H,O 
(c) both HO and CO, {d) mechanism is not confirmed 


4. A piece of wood from an archeological:source shows a '*C ° 


activity which is 60% of the activity found in fresh wood 
today. The age of archeological sample will be: : 
(a) 4246 yrs (b) 4624 yrs (c) 4628 yrs (d) 6248 yrs 


5. A sample of ancient wooden boat is found to undergo — 


9dpm g~! of '*C. What is the approximate age of the boat? 
The rate of disintegration of wood recently cut down is 
15 dpmg™! of *c. 

(a) 4246.5 yrs (b) 5384 yrs (c) 4628 yrs (d) 2684 yrs 


e Passage 4 


The mineral monazite is a rich source of thorium, available in 
large quantity in Kerala. A typical monazite sample contains 9% 
ThO, and 0.35% U,0g. °°Pb and *™ Pb are the stable end products 
in the radioactive decay series of **Th and 23307 respectively, All the 
lead in monazite is of radiogenic origin. 

The isotopic ratio of *°* Pb /?*? Th was found to be 0.104. The 

- half lives of Th and U are 1.41x 10'° years and 4.47 x 10° years 
respectively, 
Answer-the following questions: 
1. The time elapsed since the formation of monazite sample will 
be:. 
* (a) 1.34 x 10°. years 
(c) 1.41 x 10'° years 


(b) 2.01 x 10° years 
(d) 4.47 x 10° years 


A 
pint: 2693, _ 2303 oe{ *2) 
tia Th tage . N 
0.693 2.303 
_ = —— log (1.104 
1Aix 19% a 


tage = 2.01 10° years] 


2. ‘Estimated isotopic ratio of 7°Pb/”* U in the monazite 
sample will be: 


(a) 0.166 (6) 0.266 © (0) 0.366 = (d) 0.466 


ad 


3.- Select the incorrect information about Th: 
(a) It belongs to third group of actinide series 
" (b) ?**Th is fissile material 
" (c) It is a fertile material 
(d) It belongs to 4n series 


e Passage 5 


Geiger-Nuttal proposed that the activity of a nucleus is inversely 
proportional to its half or average life. Thus, shorter the half life of 
an element, greater is its radioactivity, i.e., greater the number of 
atoms disintegrating per second. Half life and average life are 
related with each other. 


tj = = = UX 0.693 2 or 


t= 1.444))5 
Answer the following questions: 
1. The half life periods of four isotopes are given: 
oo [6,7 years; I = 8000: years; Tl =: 5760: years; TV =.2:35-— 


10° years. 

Which of these is most stable? 

(a) I (b) I (c) I (d) IV 
2. Mark the incorrect relation: 

(a) No = Ne™ (b) t= 1.441), 


(©) N = No (3) 


3. Half life of a radioactive element is 10 yea What percentage 
of it will decay in 100 years? , 


(a) 0.1% (b) 100% 


(d) ty) = A In 2 


(c) 99.9%  (d) 10% 


e Passage 6 


it has been estimated that the total energy radiated by the sun is 


'3.8x 10° J per second. The source of energy of stars is a 


thermonuclear reaction called nuclear fusion. Fusion reactions are 
not controlled. It is presumed that the energy of stars is due to two 
processes called proton-proton cycle and carbon-nitrogen cycle. 


. Fusion cannot take place at ordinary temperature. Thus, hydrogen 


bomb uses a small fission bomb, which on explosion causes the 
temperature to rise very high, about 10’ K. We have yet to see how a 
hydrogen bomb can be used for peaceful life-sustaining purpose. 
Energy released in the process of fusion is: due to mass defect. It is 
also called Q-value. 

O= Amc’, 


Answer the follow':¢ questions: 

1. The binding energy per nucleon of }H and $He are 1.1 MeV 
and 7 MeV respectively. If two deuteron nuclei react to form a ° 
single helium nucleus, then the energy released is: 

(a) 13.9 MeV _ (b) 26.9 MeV (c) 23.6 MeV (d) 19.2 MeV 

2. Mass equivalent to the energy 931 MeV is: 

(a) 602x107 kg - (b) 1662 x 10° kg 
(c) 16.66 x 10°” kg . (d) 16.02 x 10°?’ kg 

3. Fusion reaction takes place at about: 

(aj 3x10? K (b)3x10°K 
(c)3x10°K (d) 3x 10°K 


Am = mass defect 


208 ee ~G.R.B. PHYSICAL CHEMISTRY FOR COMPETITIONS 


4. Astar has 10°° deuterons. It produces energy via the PROCES 
fH+{H—> {H+ |H 
-H+ 7H—> $He + jn 
If the average power radiated by the star is 10'° W, then the 


deuteron supply of the star is exhausted in a time of the order 
of: 


(a)10° sec —_(b) 10° sec 
5, Ina nuclear reaction, 
fH+ fH—= 3He + 1 


(c) 107 sec (d) 10" sec 


if the masses of }Hand 3He are 2.014741 amu and 3.016977 — 


amu respectively, then the Q-value of the reaction is nearly: 
(a) 0.00352 MeV (b) 3.27 MeV 
({c) 0.82 MeV (d) 2.45 MeV 


e Passage 7 


- Moderator is a material which is used to. ee down the neutrons 
produced during nuclear fission. The neutrons from the source are of 
high speed and energy. Heavy water or graphite moderators slow 
down the speed of the neutrons. The energy of fast moving neutrons 
decreases from 2 MeV to 0.02535 eV; it corresponds to the velocity of 
220m sec™'. At this velocity, the neutrons are in thermal equilibrium 
with the moderator. Such neutrons are called ‘thermal neutrons’. 
Thermal neutrons. cause further fission reaction. The essential 
characteristics of moderators are:. 

(i) its molar mass must be low, 
(2) it should not absorb neutrons, 
(iii) it should undergo elastic collisions with neutrons. 
Answer the following questions: . 
1, The moderator in a reactor: ~ 
(a) absorbs neutrons 
(b) accelerates neutrons 
(c) slows down neutrons 
(d) absorbs thermal energy produced in the reactors 
2, A good moderator should: 
(a) not be a gas only 
(b) not have appetite for neutrons only 
(c) be light in mass number only 


(d) be all the above three 

3. Which of the following is not used as a moderator? 
(a).Heavy water - (b) Graphite 
(c) Beryllium (d) Sodium 


- 4, Moderator in the reactor yields: 
(a) fast moving neutrons 
. (b) thermal neutrons. 
(c) magnetic neutrons 
(d) electric neutrons - : 
5, Which among the followmg characters make graphite a good 
moderator? 
(a) Cross-séctional area of graphite is very high 
(b) Graphite is a good conductor of electricity _ 
(c) There is elastic collision between graphite and neutron 
(d) Graphite has weak van der Waals’ force between two layers 


e Passage 8 


Radioactive decay follows first order kinetics. The disintegration 
of radioactive elements does not depend on the temperature. Unlike 
chemical first order reactions, the nuclear reactions are also 
independent of catalyst. Mean life and half life of nuclear decay 


process are id and b=. There are a number of 


radioactive elements in nature; their abundance is directly 
proportional to half life. Amount remaining after-n half lives of 
radioactive elements can be calculated using the relation: 


vonl) 


Answer the following questions: 
1. Which is/are true about the decay constant? 
(a) Unit of 0 is time! 
(b) A is independent of temperature: - 
-(c) X depends on initial amount of element taken 
(d) A depends on the nature of radioactive element 


2. Amount of radioactive element (activity) decreases with 
passage of time as: 


(a) linearly (b) exponentially 
(c) parabolically (d) all of these 
3. Half life of Co is 5.3 yrs, the time taken for 99.9% decay 
will be: 
(a) 0.53 yrs - (b) 53 yrs. 
(c) 530 yrs (d) 5300 yrs 


4, Rate of radioactive decay is: 

(a) independent of time 

(b) independent of temperature 

(c) dependent on catalyst 

(d) dependent on the amount of element not yet anes 
5, Select the.correct relations: 


0.693 1 
ai so bt=— 
@) An x (b) x 

t 
c)t=144xt t= 
Me a (d) 0.693 


_@ Passage 9° 


In the disintegration of.a radioactive element, and B-particles 


are evolved from the nucleus. 


jn —— 1H + ye + Antineutrino + Energy 
4 iH: 4 0 
+H — Het 2 e+ Energy - 


Then, emission of these particles changes the nuclear’ 
configuration and results into a daughter nuclide. Emission of an 
@-particle results into a daughter element having atomic number 
lowered by 2 and mass number by 4; on the other hand, emission of a 
B-particle yields an element having atomic number raised by one. 
Soddy and Fajan proposed that the daughter nuclide may occupy 
different positions in the periodic table. 
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Answer the following questions: 


1. 


Which of the following combinations give finally an isotope 
of the parent element? 

(faja,a,B (ba,y,0 (©a,B,B MB,y.a 

A radioactive element belongs to IIB group; it emits one ‘a’ 
and one B-particle to form a daughter nuclide. The position of 
daughter nuclide will be in: : : 
(a) TIA (b) IA (c) UB 
During B-decay, the mass of atomic nucleus: 
(a) decreases by 1 unit (b) increases by | unit - 
(c) decreases by 2 units (d) remains unaffected 


(d) IVB 


_ Passage 1. 1. (b) 2. (c) 3. (a) 
Passage 2. 1. (b) 2. (a) 3. (a) 
Passage 3. 1. (c) 2. (b) 3. (b) 
Passage 4. 1. (b) 2. (c) 3. (b) 
Passage 5. 1. (d) 2. (d) 3. (c) 
Passage 6. 1. (c) 2. (b) 3. (d) 
Passage 7. 1. (c,d) 2. (d) 3. (d) 
Passage 8. 1. (a, d) 2. (b) 3. (b) 
Passage 9. 1. (c) 4 2. (a) 3. @) 


4. 
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How many a and f-particles should be emitted from a 
radioactive nuclide so that an isobar is formed? 


(a)la,1B . (b)1a,2B (c)20,2B (d)aB 


. Select the correct statements among the following: 


(a)Emission of a B-particle results into isobar of parent 
element : 


(b) Emission of a B-particle results into isodiaphere of parent 
element 


(c) Emission of one & and'two B-particles results into isotope 
of the parent element 


(d) Emission of y-radiations may yield nuclear isomer 


4, (a) 5. (b) 

4, (a) 5. (b) 6. (d)- 

4. (a) 5. (a) 

4. (c) - 5. (b) 

4, (b) 5. (a,c) 

4, (b, d) 5. (a,b, c, d) . . 
4. (d) 5. (a, b, ¢, d) 
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SECTION-I 


‘Straight Objective Type Questions 


2, 


3. 


This section contains 10 multiple choice questions. Each 
question has 4 choices (a), (b), (c) and (d), out of which only 
i> is correct. 


If, 34 quantity of a radioactive substance decays in 2 hrs, its 
half life would be: 


(a) 1 hour (b) 45 minutes 

(c) 30 minutes (d) 15 minutes 

Radio carbon dating is done by estimating in a specimen: 
(VITEEE 2007) 

(a) the amount of ordinary carbon still present 

(b) the amount of radio carbon still present 


(c) the ratio of amount of 4 ,C to ie ¢C still present 


(d) the ratio of amount of pe to '} Cstill present 


Which of the following ¢ are correct with respect to the unit of 
radioactivity? 

(i) The SI unit of radioactivity is curie v i) 

(ii) 1Ci=3.7x 107!° dis s7! 

(iii) 1Bq =3.7x 10°" Ci 

(iv) The SI unit of radioactivity is becquerel (Bq) 


. (v) LCi =3.7x 10° Bq 


. 4, 


- (a) 2850 


5. 


6. 


7. 


8. 


_ (c) neutrons 


(a) (4) and (iii) (b) (iv) and (v) 
(c).{i) and (ii) (d) (it) and (iv) 
(e) (i) and (v) 


A freshly cut tree and a wooden artifact have 30.4 and 15.2 
counts g' min! of C'* of half life of 5700 years. The age of 
the artifact in years would be: 
(b) 5700 


(c) 570 (d) 6930 


(e) 11400 

The radioactive isotope of cerium-137 of weight 8g was 
collected on 1st Feb. 2006 and kept in a sealed tube. On Ist 
July, 2006, it was found that only 0.25 g of it remained. The 


half life period of the isotope is: [PET (Kerala) ano} 

(a) 37.5 days , (b) 30 days : 

(c) 25 days (d) 50 days 

, (e) 60 days ; 

‘The number of o and B-particles: ‘emitted in the nuclear’ 

reaction 
. Th ——» 72 Bi are: (DCE 2007) 

(a) 4a and 1 (b) 3a and 76 


(c) 8a and 1B (d) 4a and 7B 
Acyclotron cannot accelerate: 

(a) protons (b) deutrons 

(d) electrons 
Isotope I'?8 has no medicinal importance because: 
(a) it is non-radioactive (b) it is poisonous - 
(c) it is radioactive (d} none of these 


<P SELF ASSESSMENT ¢ 


«ASSIGNMENT NO.3 


9. 


10. 


- (c) 0.4% and 0.2% 


The decay of mass during nuclear fission and fusion are: 
(a) 0.1% and 0.231% (b) 0.231% and 0.1% 
(d) 0.3% and 0.3% 


[Hint: Greater mass is converted to energy in nuclear fusion as 
compared to that of fission. ]. 


On largé'scale, tritium is produced by which of the-following 
nuclear reactions? ; (SCRA 2009) 
(a) $Li + gr > SHe + 47 

(b) 7D + {D> 3T+ {H 

(c) '3N + gt CAF 

(d) oo H -> \P + Other fragments 


‘SECTION-II 


Multiple Answers Type Objective Questions 


il. 


2. 


13. 


14. 


15, 


(a) O.-emission 


Which of the following will emit positron? 
(a) i$P (b) '3N (c) ;H (d) BC 
f 
(Hint: ae =! and 7N| us } these nuclei emit 
P Po, 


positron. 
30 300: , 9 
ise i? gol + ae 
3 13 0 
GN - > 6C+ ye] 
BY te Re : 
If — ratio is less than 1, the nuclide can: i. 
p. 
(a) K-capture 
(c) emit B-particle 
For radioactive decay: 
(8) b5)4 = 2 ty2 


(b) emit positron 
(d) emit @-particle - 


. (b) 47,5 = 3 ine: 


~ 10 
(C) fy9% = 2 Loo% (d) too, = e tsou% 


Which of the following statements is/are correct? 

(a) Nuclear fusion produces more energy than nuclear fission 
(b) Nuclear fusion takes place at very high temperature (10°K) 
(c) Nuclear fusion yields radioactive product 

(d) Nuclear fusion inyolves chain reaction 

Decrease in atomic rmber is observed during: 

(b) B-emission _ 

(d) XK-capture 


-SECTION-III 


(c) positron emission - 


Assertion-Reason Type Questions 


This section contains 4 questions. Each question contains 

Statement-1 (Assertion) and Statement-2 (Reason). Each 

question has following 4 choices (a), (b), (¢) and a out of 

which only one is correct. 

(a) Statement-1 is true; statement-2 is true; statement- 2is a 
correct explanation for statement-1. 

(b) Statement-| is true; statement-2 is true; statement-2 is not 
a correct explanation for statement-1. 


16. 


17, 


18. 


19. 


20. 


RADIOACTIVITY AND NUCLEAR TRANSFORMATION 


(c) Statement-1 is true; statement-2 is false. 
(d) Statement-1 is false; statement-2 is true. 
Statement-1: B-particles are emitted by nucleus. 

Because 
Statement-2: Following transformation takes place in B-emission. 

; om ae jH+ ae 

Statement-1: Nuclide 3} Ca is less stable than 35 °Ca, 

Because : 
‘Statement-2: Nuclides having even number of nucleons are 
stable. 
Statement-1: Energy is Peleased in the nuclear fusion of 


- hydrogen nuclei to form helium nuclei. 


; Because 
Statement-2: Binding energy per nucleon of helium is area 
than hydrogen. 
Statement-1: . i 6Bate —— Cs + X-ray 
It is an example of kK. electron capture. 

Because 

Statement-2: Atomic number of daughter nuclide decreases 
by one unit in K-electron capture. 
[Hint: Nucleus may capture electron from K-shell and the 
vacancy is filled by electrons from higher shells; X-ray is released 
in this process.] 


Statement-1: The plot of atomic number (y-axis) versus 


number of neutrons (x-axis) for stable nuclei shows a 
curvature towards x-axis from the line of 45° slope as atomic 
number is increased. 
Because 
Statement-2: Proton-proton electrostatic repulsions begin to 
- overcome attractive forces involving protons and neutrons in 
heavier nuclides. (IIT 2008) 


(Hint: 


Number of 
protons 


Stable 
nuclei 


—— 
Number of neutrons 
In heavier nuclei, attractive forces between proton-neutron 
_overcome proton-proton electrostatic repulsion. ] . 


SECTION-IV 


Matrix-Matching Type Questions 


This section contains 2 questions. Each question contains 


statements given in two columns which have to be matched. - 


Statements (a, b, c and d) in Column-I have to be matched with 
statements (p, g, r and s) in Column-Ii. The answers to these 
questions have to be appropriately bubbled as illustrated i in the 
following examples: 

If the correct matches are (a-p, s), (b-q, r), (c-p, q) and (d-s), 
then correct bubbled 4 x 4 matrix should be as follows: 


21. 


22. 


Match the Column-I with Colurmn-II: 


Column-I Column-Il 


(a) {D+ {T+ 3He + on + Energy (p) B-emission 


(b) {Be + $He —> C+ on (q) Artificial transmutation © 


(c) {3Mg + $He-—»> {{Sit gn — (r) Discovery of neutrons 

(s) Hydrogen bomb — 

Match the Column-I with Column-If: co — 
-Column-I Column-Il 


(d) bn —> jH+ _°e 


(p) Positron emission 
(q) B-emission 


(c) X-ray emission (1) K-electron capture ; 


(d) 4[}H] -—~.....+ 2B* + Energy _(s) a-emission 


‘SECT ION-V 


Linked Comprehension Type Questions 


Nucleus of an atom resembles with a drop of liquid. Density of 
nucleus is very high, ie., 10° tonne/cc or 130 trillion tonnes 
m”’. This density is about a trillion times greater than that of - 


. es Density of nuclei of all elements are same, it is 


independent of atomic number or atomic mass. However, the 
radius of nucleus depends on the mass number. Surface 


tension of nucleus is also very high, i.e., about 1.24 x 10'° 


times, the surface tension of water. 


Answer the following questions: 


23. 


24, 


25. 


The radius of '2C nucleus is: 
(a) 5x10 m 
(c)35x 10% m 
(Hint: x Als 


(b)1.4.x10°5 m 
(d)6x 1078 m 
where A = Mass number . 


r=h 
: m =1.4x10% m] 


Ratio of volume of atom and nucleus is: 

(a) 108 :1 (by 10:1 0 @ 108 :t 10? 21 
Radius of nucleus is directly proportional to: * a 
(a) A? (b) a (©) [AP (d) A 


0 setdevens 


LO 2. (c) 3. (b) 4. (b) 
9 (a) 10. (b) I. (ab) 12. (a,b) 
17. (4) 18. (a) 19. (b) 20. (c) 
22. (a-q)(b-p)(c-r)(d-s) 23. (©) 24. (b) 


8. (b) 6. (a) “7: (c) 8. (a) 
13. (a,b, c, d) 14. (a, b,c) 15. (a,c, d), 16. (a) 
21. (a -s)(b~q,r)(c=q) (d-p) - ae 
25. (c) 


44. INTRODUCTION 


Matter is capable of existing in three physical states: solid, liquid 
and gas, Matter is anything which has mass and occupies space. 
Any substance can exist in either of three states depending on 
temperature and pressure. Liquid and solid states are condensed 
states as they have much higher densities. Both liquids and gases 
are termed as fluids as they have flowing ability. 

The three states of a substance are interconvertible by 
variation of temperature and pressure. A liquid state is 
intermediate between the gaseous state (complete molecular 
randomness) and the solid state (orderly arrangement of 
molecules). 


Cool or 

increase 

pressure Cool 

ed —_—— 
Heat or Heat 

decrease 

pressure 


Liquid Solid 


Gas 
Fig. 4.1 Schematic representation of states of matter 


Some common characteristics of three forms of matter are 
summarised below: 


S.No. Gases — 


mite 


Liquids 


- Solids 


1. “No definite shape; can fill uniformly any vol- | No definite shape, i.¢., assume the shape of | Have definite shape and definite volume. 


ume available; have indefinite volume. 


Extremely disordered particles; much empty 
space; particles have random motion; 
intermolecular attraction very small but high 
kinetic energies (particles are free to move in 


the container; have definite volume. 


Disordered clusters of particles; quite close to 
each other; random motion; considerable 
intermolecular attraction; kinetic energy is 
less (particles free to move but always remain 


Ordered arrangement of particles; distances 
between the particles are very small and 
fixed. Intermolecular forces are high; vibra- 
tional motion only. 


' [all directions). 
3. | Low density. | 
“4. | Compressible. 


5. | Fluid, diffuse rapidly. 


‘in contact with each other). 
Intermediate density. — 

Slightly compressible. 

| Fluid; diffuse through other liquids. 


High density. 
Nearly incompressible. 


Not fluid; diffuse very slowly only through 


Li | solids. 


4.2 THE GASEOUS STATE 


Of the thrée states of matter, the gaseous state is the simplest and 
shows greatest uniformity in behaviour. Gases have the following 
general characteristics: eee 

(i) Gases are highly compressible. These can be compressed 
into smaller volumes, i.e., increasing their densities by applying 
increased pressure. , 


SECTION 1: GASEOUS STATE 


(ti) Gases expand without limit. A gas sample can occupy 
completely and uniformly the volume of any container. 

(iii) Gases exert pressure on the walls of the container 
uniformly in all directions. , 

(iv) Gases diffuse rapidly through each other to form a 
homogeneous mixture. Conversely, different gases in a mixture 
like air do not separate on standing. 
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(v) The characteristics of gases are described fully in terms of 
four parameters (measurable properties): 
(a) the volume, V, of the gas 
(b) its pressure, P 
(c) its temperature, 7 
(d) the amount of the gas (i.e. , mass or number of moles). 
(a) The volume of the container is the volume of the gas 
sample. Volume is expressed in litre (L), millilitre (mL) or cubic 
centimetre (cm? ) or cubic metre (m? } 


1L =1000 mL; 1mL=107 L 
1L=1dm?; 1dm? =10° cm? 
1m? =10° dm? =10° cm? =10° mL =107 L 


(b) The pressure of the gas is the force exerted by the gas per 
unit area of the walls of the container. The pressure of gases is 
measured by a device known as manometer. Two types of 


manometers, open-end manometer and closed-end manometer, 


_are commonly used to measure gaseous pressure. — 
Pressure of one atmosphere (1 atm) is defined as the pressure 


that can support a column of mercury of 76 cm height at 0°C | 


(density of mercury = 13.5951 g cm’) and at standard gravity 
= 980:665cm s *. One atmosphere is also referred to as 760 torr. 


1 atm=76.0 cm of mercury = 760 mm of mercury 
= 760 torr 


SI unit of pressure is pascal (Pa)-which is defined as the 
pressure exerted when a force of 1 newton acts ona | m” area. 


1 atm = 101.325 x10? Nm” =101.325 kPa 


An older unit of pressure is ‘bar’ which is equal to 10° Pa. 

(c) The temperature of the gas is measured in centigrade 
degree (°C) or celsius degree with the help of thermometers. 

SI unit of temperature is Kelvin (K) or absolute degree. 


— K=°C+ 273 
(d) Mass of gas is expressed in gram or kilogram. 
_ Ikg=10° g 
The mass of the gas is also expressed in number of moles. 


moles of gas (n) = Mass to grams = 
Molar mass MM 


(vi) All gases obey certain laws called gas laws. 


4.3. GAS LAWS 


(i) Boyle’s law: It relates the volume and the pressure of a 
given mass of a gas at constant temperature. 

The relationship between the volume and the pressure of a gas 
was studied by Robert Boyle in 1662. He found that increasing 
the pressure at constant temperature on a sample of a gas causes 
the volume of the gas to decrease proportionately, i¢., if the 
pressure is doubled, the volume becomes half and so on. Boyle’s 
law states that at constant temperature, the volume of a 
sample of a gas varies inversely with the pressure. 


V “5 (when temperature is kept constant) 


The proportionality can be changed into an equality by 
introducing a constant, k, ie., : 


poe or PV=k 
P 


Alternatively, Boyle’s law can also be stated as follows: 
Temperature remaining constant, the product of pressure 
and volume of a given mass of a gas is constant. 


The value of the constant depends upon the amount of a gas 
and the temperature. 


Mathematically, it can be written as, 
BY a Ply = Ply os: : 
Boyle’s law can be verified by any one of the following three 
ways graphically (Fig. 4.2): 


Temperature-constant 
Mass-constant 


Temperature-constant —ee 
Mass-constant 


1/P— 
(A) (B) 


Temperature-constant 
Mass-constant 


Fig. 4.2 7 

The first curve shows the variation of volume of a given mass 
of gas with pressure at constant temperature. The shape of the - 
curve is rectangular hyperbola. This curve is also called 
isotherm. 

The second curve showing the relationship between volume 
and reciprocal of pressure is a straight line. It confirms the 
statement that at constant temperature, volume of a given mass of 
gas is inversely proportional to the pressure. The third curve 
shows a straight line paralle! to pressure-axis. This confirms that 
the product of pressure and volume of a given mass of a gas at 
constant temperature is constant. 

Location of straight line and curve changes with temperature 
in the isotherm. 


Iv — 
Fig. 4.2(D) 


; (Ty > T2> Ta) - 


Fig. 4.2(F) 


According ‘to Boyle’s law, PV = constant at constant 
temperature 


-. log P + log Y = constant 


log P =— log V + constant 


log P 


log ¥V — 
Fig. 4.2(G) 


(ii) Charles’ law: — Itrelates the volume and temperature of a 
given mass of a gas at constant pressure. 


Experiments have shown that when 273 mL sample of a gas at 


O°C is heated to 1°C, its volume increases by | mL, ie, it 
becomes 274 mL. At 10°C, the volume increases to 283 mL if the 
pressure remains constant in both cases. Similarly, when 273 mL 
sample of gas at 0°C is cooled to —1°C, its volume decreases to 
272 mL while at —10°C,the volume decreases to 263 mL if the 
pressure remains constant. 

Thus, all gases expand or contract by the same fraction of their 
volumes at 0°C per degree change of temperature, i.e. , for each 
- degree change of temperature, the volume of a sample of a gas 


changes by the fraction = of its volume at 0°C. 


Let the volume of a given amount of a gas be Vy at 0°C. The 
temperature is increased by f° Cand the new volume becomes V, . 


. 4 
Thus, V, =V)+—Lxt=Vy (1+ 55) 
ieee nC a 2B 
273+ : 
or _V, =V, eee 
t at 7 ) , eh) 


A new temperature scale was introduced known as Kelvin 
scale or absolute scale named after the British physicist: and 
mathematician Lord Kelvin. The lower limit of the scale is 
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called absolute zero which corresponds to -273°C. At absolute 
zero or —273°C, all molecular motions would stop and the 
volume of the gas would become zero. The gas would become a 


' liquid or solid. Thus; absolute zero is that temperature at 


which no substance exists. in the gaseous state. The 
temperature in absolute is always obtained by adding 273 to the 
temperature expressed in °C. - 


K=(C +273) 


This new temperature scale may be used for deducing Charles’ 
law. 


By substituting 7 for 273 + t and Ty for 273 in Eq. (i), 
_Vy xT 


or 


or 


Volume (Litre) ——- 


! 
i 
1 
' 
Lj 
0 


-200 -100 0 100 «200 300 € 
73 #173 273 373 473 «#573 «=K 
Temperature —— 
Fig. 4.3 


This is Charles’ law. It can be stated as follows: 
The volume of a given amecunt of a gas at constant 


pressure varies directly as its absolute temperature. 


VT (if pressure is kept constant) 


Charles’ law can be verified experimentally by plotting the 


_ values of volumes of a given amount of a gas under respective 


absolute temperatures at constant pressure. The straight line 
confirms the above statement. 


(iii) Pressure-temperature law: It relates the pressure and 
absolute temperature of a given mass of a gas at constant volume. 
Volume remaining constant, the pressure ofa given mass 


of a gas increases or decreases by on of its pressure zt 0°C 


per degree change of temperature. 


fe ered Bas 


t 
or . P=P aS 
: s( ss 
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or P, = Pe (ae! ey ee 
273) Tp 
be freto 
T Tp 
or Pe«T (if volume is kept constant) 


At constant volume, the pressure of a given amount of a 
gas is directly. proportional to its absolute temperature. 


4.4 IDEAL GAS EQUATION 


This equation is obtained by combining Boyle’s and Charles’ 
laws. , 


Vo —- 


... (i) (at constant temperature and definite mass) 


VeoT  ... (ii) 


Combining eqs. (i) and (ii), we get 


(at constant pressure and definite mass) 


Vic - (for definite mass) 
PV a 
—— = constant .. (il) 
joe : 
From the above relation, we have 
PY = PiV2 he (iv) 
T, T, 
From eq. (iii), . 
PY 
—=R 
T 
or PV = RT forl mole gas 
PY =nRT for 2 mole gas .. (v) 


When mass of the gas is taken in grams, the value of will be 
given by: 


Mass of the gas in gram 
n= 


Mol. mass of the gas in gram 
Let wand M be the mass and molecular mass of a gas; then 


Ww 
| toed 


Hence, eq. (v) becomes 


PY =~ RT ... (Vi) 
M 
or P= wR = = = Density (d | 
MV Y Volume 
or p=" er _. (Vii) 
M 


Eqs. (vi) and (vii) are modified forms of gas equation. The 
above equations.are strictly followed by ideal gases. 
Nature of Molar Gas Constant R 
Gas equation for one gram mole, 
PY =RT 


. Numerical Values of R 
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PXV _ _ Pressure x Volume 


or Ris 


T Temperature 
Force _‘ Force 
rea ~ (Length)? 


Pressure = 


Volume = (Length)? 
Force 
(Length) : 

Temperature 


x (Length)” 
So. R= 


_. Force x Length 
Temperature 
Work 


Temperature 


Thus, the value of R should always be expressed in units of 
work per degree kelvin per mole. 


oft 
fi 

One gram mole of a gas at one atmospheric pressure and 0°C 
(273 K) occupies a volunte 22.4 litre. 


P =] atmosphere, T = 273 K, V = 22.4 litre 
_1x224 
> BB 
= 0.0821 litre-atm K7' mol™ 
If pressure is taken in dyne/em? and volume in mL, 
P= 76x 13.67x 98 1dyne/cm”, V = 22400 mL for | mole, 


T=273K 
So, R= 


So, 


76 X 13.67 x 981 x 22400 
273 
= 8.314 x 10’ erg Kk! ae 


‘Since, 1 joule = =107 erg, so 
R= 8.314 joule K™! mol 
Since, 1 calorie = 4.184 x 107 erg, SO 


_ 8314x107 
4.184x 10’ 


= 1.987 = 2 calorie K~' mol™! 


Note: Although, & can be expressed in different units, but for 
pressure-volume calculations, R must be taken in the same units 
of pressure and volume. . 


Barometric Distribution 


In the case of ordinary gases, pressure in 1 the container is 
unaffected by the gravitational field. But in high mol lecular mass 
polymeric gases, pressure varies with height. 

Let Py be the pressure at ground level and P be the Pressity at 
height By; ; then 
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Similarly for density and number of moles the equation may 


be given as: 
d Mgh 
2.303 lo ( —4—S 
S10 4). | R | 


yu 
2.303 log jy [+ +). - {Met 
- Ne é 


These relations are valid under isothermal! conditions for 
density, pressure and number of moles. 

If temperature is not constant then the relations of barometric 
distribution may be given as, 


PAGoe |= |=e 
P,) RT 

Meh 

i s03og (2 i *)- sap 
my) RT 


Open vessel concept: In open vessel of a gas, pressure and 
volume are always constant. 


PV =n,RT, ... Cd) 
PV =n)RT, ...(2) 
Here, ny and n, are number of moles at temperatures 7, and 
ree eq. (1) by (2), we get 
mT, = nT, 
Dry and moist gas: If volume under moist condition is 
given then volume of dry gas can be determined. 
| P. moist V moist =F, dry Very 
Pay = Pmoiss ~ Aqueous tension or vapour pressure of water 
Partial pressure of water in air 


Relative humidity = 
Vapour pressure of water 


Payload (Lifting Capacity of Balloon) 
When a balloon is filled with lighter gas like H, and He 


(lighter than air) then it rises up due to the difference in the — 


density of air and the gas. Payload or lifting capacity of balloon 
may be calculated as: 
Mass of air | 


Pay-Load |i the balloon . 


Mass of gas filled in the 
—| balloon at same tempera - 
ture and pressure 


_| Mass of 
balloon 


Example 1. A sample of a gas occupies 10 litre under a 
pressure of \ atmosphere. What will be its volume if the pressure 
is increased to 2 atmosphere? Assume that the temperature of the 
gas sample does not change. 
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Solution: V, =10litre V, =? 
P,=latm. P, =2atm 
Applying Bovle’s law, 
; PV, = PV, 
So, Yee ta oO Sie 
P, 2 


Example 2. A sample of a gas occupies 600 mL at 27°C 
and | atm. What will be the volume at 127°C if the pressure is 
kept constant? 


Solution: =600mL 7, = 27+ 273= 300K 


V>=2 Ty = 127+ 273 = 400K 


Applying Charles’ law, 


Vi, = i xT, 
_ 600 x 400 
~ 300 
= 800 mL 


Example 3. A gas cylinder containing. cooking gas can 
withstand a pressure of 14.9 atmosphere. The pressure gauge of 
the cylinder indicates 12 atmosphere at 27°C. Due to a sudden 
fire in the building, the temperature starts rising. At what 
temperature will the cylinder explode? 

Solution: Since, the gas is confined in a cylinder, its volume 
will remain constant. 


Initial conditions Final conditions 
P, =12atm P, =14,9 atm 
T, = 27+ 273 = 300K T, =? 
Applying pressure-temperature law, 
P_Py 
™ 1, 
So, Ts — P, xT 
P, 
= 14.9 x 300 =3725K 


Temperature in ° C = (372.5 — 273) = 99.5°C 
Example 4. A 1000 mL sample of a gas at -73°C and 2 
atmosphere is heated to 123°C and the pressure is reduced to 0.5 
atmosphere. What will be the final volume? 
Solution: 


Initial conditions Final conditions 


P, =2atm P, = 05 atm 

V, = 1000 mL Vy=? 

T, = - 73° C= (-734 273) | T, =123°C = (123 + 273) 
= 200K = 400K 
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‘We know that, a 
BM _ PV, 
q, qT, 
So 2x100Q_ 0.5xV, 
, 200 400 Given, 
2 x 1000 x 400 
or 2 = 
200 x 0.5 
and 
= 8000 mL 


Example 5. A sample of a gas occupies a volume of 512 
mL at 20°C and 74 cm of Hg as pressure. What volume would this 
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put,R? 
VM 
aggeh (B= density =< 
M V 


d=8.0kgm~°; R=8.314JK" mol”; 


- T=-404 273=233K 
M 36.5 g mol! = 36.5 x10 kg mol ; 


Substituting the values in the above equation 


8.0 x 8.314 x 233 _ og 59% 10? PA 


P= 
36.5x 1073 


Example 8. A certain quantity of a gas occupies 100 mL 


gas occupy at STP? 
Solution: . 
Initial conditions Final conditions (STP) when collected over water at 15°C and 750 mm pressure. It 
= 74cm P, =76cm occupies 91.9 mL in dry state at NTP. Find the ages vapour. 
T, =20°C=(20+273)=293K, 7, =0°C=273K = Pressure at 15°C. ee 
Solution: Let the aqueous vapour pressure be p mm. 
cele bar Initial conditions NTP conditions 
We know that, = os P, (dry gas) = (750-— p)mm =760mm 
. , V, =100mL V, =91.9 mL 
Tae IO T, = 15+273=288K T, =273K 
293 Be sae Applying gas equation, 
So, 9 (750- p)x 100 _ 760 x 91.9 
293 x 76 288 273 
= 464.5 mL ae 150- p= 60 x 91.9 x 288 
Example 6. 3.7 g of a gas at 25°C occupied the same 100 x 273 
volume as 0.184 g of hydrogen at 17°C and at the same pressure. = 736.8 mm 
p= 750— 736.8 
=13.2mm 


What is the molecular mass of the gas? 


For hydrogen, 
M=2 


Solution: 
w=0.184g; T=17+273= 290K; 
We know that, PV = ERT 
M z 
= os x Rx 290 ... (i) 
For unknown gas, 
w=378 T = 25+ 273 = 298 K; M=? 
PV= Eu x Rx 298 ... (ii) 
M 
Equating both the equations, 
37. Rx 298 = 0184 yp x 290 
or Poe 3.7 298 x 2 sz 41,33 
0.184 x 290 


Example 7. What is the pressure of HCI gas at -40°C ifits 


density is 8.0 kg m°? (R=8.314J K | mol“') 


Solution: Equation for ideal gas, . 
PY =— RT 
M 


Example 9. A balloon of diameter 20 m weighs 100 kg. 
Calculate its payload if it is fi ore with helium at 1.0 atm and 
27°C. Density of air is 1.2 kg m™ 
(R = 0.082 dm. atm K 7! eines 7 ) (IIT 1994) 


Solution: 
Volume of balloon = tr? = $ x ° x (10)? = 4190.47 m? 


Mass of the air displaced = 4190.47 x 1.2 = 5028.56 kg 
PY 


No. of moles of helium in the balloon 


_ 1x 4190.47x 10° 
0.082 x 300 


Mass of helium = 4 x 170.344 x10 g = 681.376 kg 


= 170344 


Mass of filled balloon = 681.376 +100 = 781.376 kg 
Payload = Mass of air displaced — Mass of filled balloon 
= 5028.56 — 781.376 = 4247.184 kg 
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Example 10. The density of a gas is 0.259 gl! at 400K 
and 190 torr. Find its molar mass. 


Solution: 760 torr =1 atm 
So, 190 torr = _ 190 atm 
760 
d 
We know that, P=—RT 
M 
or Me= ia RT 
P 
Given, d=0.259 gL! : P= a atm; 
760 
R=0.0821L-atmK™ mol!;  7=400K 
_ 9.259 x 0.0821 x 400 x 760 = 34.02 ¢ mol”! 
190 . 
Example 11. The density of phosphorus vapour at 310°C 


and 775 torr is 2.64 g dm. What is the molecular formula of 
phosphorus? 
Solution: We know that, P= e RT or M= = RT 
M P 
Given, d=2.64gdm™; P= aS atm; 
Pe 760 


R=0.0821dm* atmK~ mol”! 


and T =310+ 273 = 583K 
$0; eps 2.64 x 0.0821 x 583 x 760 _ 123.9 mol 
775 
Atomic mass of P= 31g mol"! 
123.9 


No. of P atoms in a molecule = = 3.997 = 4 


Hence, molecular formula of phosphorus =P, 


Example 12. What percentage of a sample of nitrogen 
must be allowed to escape if its temperature, pressure and volume 
are changed from 220°C, 3.0atm and1.65L to 110° C,0.7atm and 
1.0L respectively? 

Solution: 


Applying the formula, m (mass of the gas) 
_PVXM ; 


, under both the conditions, 


3.0 x 1.65 x 28 


Mass of gas before escaping = ——_—-—_—. = 3.42 
ie 0.0821 x 493 
Mass of gas after escaping = OO = 0.62 g 
: . 9.0821 x 383 
Percentage of nitrogen allowed to escape 
= (3.42 062), 100 = 81.87 
3.42 


# Example 13. The density of oxygen is 1.43 g L" at STP. 
Determine the density of oxygen at 17°C and 800 torr 


Solution: Applying the formula d = MP 
_ AtSTP, a2 MP, 
[P, = 760 torr; 7, = 273 K;d, =1.43¢ {2 ] 
. At given conditions, d, = MP, 
> RT, 
[P, = 800 torr; 7, = 290K; d, = 7] 
So ay Fag Mi: 
dee oP 
. d,= Ee. x fi x dad; 
Pp. ae 
~ 8005 273 43 —s 
760 290 
=1.417gL" 


aap’ 14. A car tyre has a volume of 10 litre when 
inflated, The tyre is inflated to a pressure of 3 atm at 17°C with 


-air. Due to driving the.temperature of the tyre increases to 47°C. 
(a) What would be the pressure at this temperature? (b) How 


many litres of air measured at 47°C and pressure of \atmshould 


-be let out to restore the tyre to 3.atm at.47°C? 


Solution: 


(a) At constant volume, 

P,_P) 

™ 7, 
. 3 P, 
or a 
- 290° 320 

320 x 3 

or ) =e OXY 3.31 atm 
290 


() Pressure to be decreased in tyre 
; "= 331-3.0= 0.3] atm 


Let the volume of the gas to be taken out at 1 atmospheric 
pressure be V. As the temperature remains constant, i.e., 47°C, 
Boyle’s law can be applied to determine V. 


IxV¥ =0.31x 10 


or - V = 321 litre 


Example 15. Oxygen is present in a one litre flask at a 
pressure of 7.6X 10°'° mm of Hg. Calculate the number of 
oxygen molecules in the flask at 0°C. 


~. Solution: A= Zale ,  @ 
RT 
-10 
pel 9 a 
760 


V =1L,T =273K, R = 0.0821L atmK™ mol” 
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~12 
From eq. (i) n= Buenos 
0.0821 x 273 


Number of molecules = 1 x 6.023 x 107 


10°12 
~ 0.0821 x 273 


= 2.68 x 10!° 


Example 16. An open flask contains air at 27°C. 
Calculate the temperature at which it should be heated so that 
1/ 3rd of air measured at 27°C escapes out. 

Solution: Let the initial number of moles of air at 27°C 
(300 K) be =n 
Number of moles of air left when the air is heated to 
the temperature T K =n — ; = = 
At constant pressure and constant volume, 


nT, = nT, 


x 6.023 x 10 


or nx 300= 2 xT 


or T = 450 K = (450 — 273) = 177°C 
Example 17. 4 mixture of CO and CO, is found to have a 
density of 1.5 gL"' at 30°C and 730torr, What is the composition 
of the mixture? 
Solution: 


« 


Let the average molecular mass be M. - 
ma kt _ 15x 0.0821 x 303 x 760 _ 38.85 
P 730 
Let x mole of CO and (1- x) mole of CO, be present. 
xX 284+ (1-x)x 44 = 38.85 
; x= 0.3218 
mole % of CO=32.18 and mole % of CO, = 67.82 


Example 18. Calculate the value of molar gas constant, 


‘R’in (i)cc atm K nol! (ii)torr cc K | mol“! (iii) kPa litre. 


K 7 mol”. 


Solution: (i) When the pressure is expressed in atmosphere 


and volume in cc. 
P=latm; V =22400cc 
_ PV _ 1x 22400 | 


R= = = 82. 1cc atmK™ mol7! 
nT 1x 273 ; 


(ii) When the pressure is expressed in torr and volume in cc. 
P=760torr, V = 22400cc 
= 160% 22400 _ 62360 torr ce K"! mol” 
1x2730 0 
- |itre. ; 
P-=101.3 kPa; V = 22.4 litre 
_PV 101.3224 _ 


R= =—— = = 8.31 kPa litre K~! mol 
nT «1x 273 


Example 19. The pressure exerted by 12 g of an ideal gas 
at temperature t°C in a vessel of V litre is one atmosphere. When 


ip When the pressure is expressed.in k Pascal and volume in - 


the temperature is increased by 10°€ at the same volume, the 
pressure increases by 10%. Calculate the temperature t and 
volume V (Molecular mass of the gas = 120). (IIT 1999) 


Solution: As the volume is constant, pressure law can be 
- applied, Ze., 
PAN 
Py, Ty 
1 £+273 
or —_—=— 
1.1 ¢+283 
or t=-173°C=100K 
Now, applying gas equation, 
PV =nkRT 
or Ye pes DO So sti 
P 120x 1 


KLUSTRATIONS OF OBJECTIVE QUESTIONS _ 


1. 2.5 L of a sample of a gas.at 27°C and 1 bar pressure is 
' compressed to a volume of 500 mL keeping the temperature 
constant, the percentage increase in the pressure is: 


~ (a) 100% (b) 400% (c) 500%. (d) 80% : 
[Ans. (b)]} 
{Hint = PY, = BY, 
1x 2.5 =P, x Ls 
. 2 
P, = 5 bar 
bh Increase in pressure ~ 
% Increase = -—_—_—_—---———_ x 100 


Tnitial pressure 
= : % 100 = 400%] 


2. Which of the following gases will have density of 1.8 gL! at 
. 760 torr pressure and 27°C ? 
* (a) O, > 


(b) CO, (c)NH, — (d) SO, 
.fAns ()]. - 
' {Hint: Pm = dRT ; 
ART — 1.8 X 0.0821 x 300 
nR=-=—— = = 44 
. P i 
_». The gas will be CO>.] _ 


3. 10 g C,H, is filled in a bulb of 1 litre capacity which can 


withstand a maximum pressure of 10 atm. At what 
‘temperature will the pressure of gas reach the bursting limit? 


(a)76C — (b) 361.4°C (0) 92.4C — (d) 120°C 
{Ans. (c)] : ; 
ine fetes es = 365.4 K =92.4°C] 


nR (10/30) x 0.0821 
4. The vapour of phosphine gas at 27°C and 3 bar pressure has 


density: 
(a) 4.09 gmL™ | (b) 4.14 gL" 
(c) 2.04 kg L”! (d) 2.04 gL" 


[Ans. (b)] 
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(Hin gee <e 
“ RT 0.0821 x 300 


=414gL"] 


5. Coefficient of volume expansion of a gas is: 


1 2 
Or OF, 
3 4 
(c) a (d) 3 
[Ans.  (a)] 


{Hint: According to Charles’ law, 
t 
V,=¥_|1+—— 
coe ( a 
V,=¥, (1+ as) 


a= a = Coefficient of volume expansion 


Here, V, = Volume at 0°C and V, = Volume at £ °C] 


6. “A gas has a vapour density 11.2. The volume occupied by | 
gram of the gas at STP will be: 


(a) 11.2L (b) 22.4L (ce) 1L (d) 10 L 
[Ans.  (c)] 
Mass 
[Hint: Number of moles = —————_ 
Molar mass 
_ Mass 
2x Vapour density 
ee eee 
2xK112 224 


Volume of gas = n x 22.4 L. 


= y224L=1L] 
22.4 


7. When a gas is heated from 25°C to 50°C at constant pressure 
of 1 bar, its volume: 
(a) increases from V to 2V 
(b) increases from FV to 1.5¥ 
(c) increases from V to 1.084V 
(d) increases from V to 1.8V 


[Ans. (c)] 
[Hint: a = a 
Tt 1; 
saree 
298 323 


¥,=V x 223 = 1.084 ¥ | 
298 


8. The molecular weights of two ideal gases A and B are 
respectively 100 and 200. One gram of A occupies V litre of 
volume at STP. What is the volume (in litre) occupied by one 


gram of B at STP? (EAMCET 2006) 
(a) - (b) V (c) V? (d) 2V 
[Ans. (a)] ; 
[Hint: Under identical conditions of temperature and pressure: 
tt 
Va Mg 


la 1/100 
V, 1/200 
V 

Ve “> ] 


9. A bubble of volume V, is at the bottom of a pond at 15°C and 
1.5 atm pressure, When it comes at the surface, it observes a 


; V. 
pressure of | atm at 25°C and has volume V,; give B : 
, 1 


(DCE 2006) 

(a) 15.5 (b) 0.155 (c) 155.0 > (d) 1.55 
{Ans. (d)] 7 
[Hint: co Aeneid 

qT, T, 

VP, 

VY, AL, 

= 2X 88 15] 
1x 298 


4.55 DALTON’S LAW OF PARTIAL 
. PRESSURES . 


. When different gases that do not react chemically with each other 


are enclosed in the same container, they intermix rapidly and 
exert a definite pressure. Again, each of the gas in the mixture 
exerts its own individual pressure if it is present only in the same 
container at the same temperature. John Dalton, in 1801, 
established the relation between the pressure of the mixture of 
gases and individual pressures of the constituent gases. This 
relationship is known as Dalton’s law of partial pressures. It 
states that, 


At a given temperature, the total pressure exerted by two or 


‘ more non-reacting gases occupying a definite volume is equal to 


the sum of the partial pressures of the component gases. 
Mathematically, 
P= py tpg t+ pot... 

when P is the total pressure and p,, Pz. Pc;... are the partial 
pressures of the component gases A,8,C,... respectively. The 
pressure that a component gas of the gaseous mixture 
would exert if it were only present in the volume under 
consideration at a given temperature, is the partial pressure of 
the component. 


Derivation of Dalton’s Law 
Let n, and n, be the no. of moles of two non-reacting gases 
‘A’ and ‘B’ filled in a vessel of volume ‘Y’ at temperature 7. 
Total pressure in the vessel ‘P’ may be calculated as, 


PV =(n, +n,)RT ... (4) 
Individual or partial pressure may be calculated as, _ 

Pa¥ =n,RT ... fii). 

PpY¥ =22RT ... (iil) 


Adding eqs. (ii) and (iii), we get 
(P4 + Pa )V =(m +n )RT 
Comparing equations (i) and (iv), we get 


P=p,t Pg 


... (iv) 


(Dalton’s expression) 
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Dividing eq. (ii) by (i), we get 
A 


PP aAtiny 


P4a=x,XP . 
where, x , = mole fraction of ‘4’. 
Similarly, dividing eq. (ii) by (i), we get 
ie., Partial pressure of a component 
_ = Mole fraction x Total pressure 


Relationship between Total Pressure and Individual 
Pressure (before Mixing) of the Constituent Gases at 
Constant Temperature 

At constant temperature, let ¥, volume of a gas A at a pressure 
Pp, be mixed with V, volume of gas B at a pressure p». Both these 
gases do not react chemically. 


Total volume =V, + Vy 


Let the total pressure be P and partial pressures of A and B be 
p, and pp» respectively. Applying Boyle’s law, 


Pa, +¥2)= phy - ---@) 
and Pe, +¥)= PW, ... (ii) 
Adding eggs. (i) and (ii), 
V, V. Vi + pV. 
Pi tee PAT 2g BER PI EPI 
Vith, Vth, V, +V, 
on _ Phi + Pah 


In the laboratory, it is often convenient to collect a gas over 
water. When a gas is collected over water, the observed pressure 
of the gas is equal to the sum of the pressure of dry gas and the 
pressure of water vapour. ae 

Therefore, the pressure of dry gas 

= pressure of moist gas — pressure of water vapour 
= pressure of moist gas — aqueous tension 


Amagat Law of Partial Volume 


Total volume of a mixture of gases which does not react at 
constant temperature and pressure is equal to sum of individual 
volumes (partial volumes) of constituent gases. 


V=LV,=V, +¥,+V;+...+V, 


4.6 DIFFUSION OF GASES AND: 
~ GRAHAM'S LAW OF DIFFUSION 


When two or more non-reacting gases are kept side by side, they 
have the tendency to mix with one another spontaneously and 
form a homogeneous mixture. This can occur also if two gases 
have different densities. The heavier gas moves up and the lighter 
one comes down even against the action of gravity. Such a 
phenomenon is due to the fact that gas particles are moving at 
random with very high velocities and there is much 
intermolecular empty space in the volume of any gas. When two 
gases are brought together, they mix with each other in no time. 


This ability of a gas to mix spontaneously and to form a 


_ homogeneous mixture is known as diffusion. It is due to this 


phenomenon that we can readily detect the fragrance of a flower 
or a perfume or bad smell of hydrogen sulphide, sulphur dioxide, 
chlorine, etc., when these are evolved or used in any work in 
laboratory or in industry. 


Effusion 


It is a process in which a gas is allowed to escape under 
pressure through a fine orifice or a small aperture made in 
the wall of a closed container. The difference between diffusion 
and effusion is that in the former case, the gas spontaneously 
streams through a porous partition while in the case of effusion, 
the gas is forced out through a small hole by applying some 
external pressure. However, both the processes are essentially the 
same. _ 

Instantaneous rate of effusion is directly proportional to the 
instantaneous gas pressure and inversely proportional to bthe 
square root of molar mass. seca 


_dP _ KP 
dt IM 
P, dP =a 
\ P Ju 


Kt 
JM 


P, = Pe Kilt 


Hence, partial pressure decreases exponentially with time as 


Fig. 4.4 Variation of partial pressure of gas with time, 
in the process of effusion. 


Graham’s Laveof Diffusion or Effusion 

This law was presented by Thomas Graham in 1833. The 
law states that “At constant pressure and temperature, the 
rate of diffusion or effusion of a gas is inversely proportional 
to the square root of its density.” 


eaaeals 1 
Rate of diffusion « — 
Jd 


If y, and 7, represent the rates of diffusion of two gases and dy 
and d, are their respective densities, then 


i fae 
mH Vd, 


2 
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as equation can be written as: 


density of gas 
density of hydrogen _ ie gas II 


hy -density of gas! VD gast 
density of hydrogen 
_ /2VDgasIl__ /Mol.massgasIl_ [M, 
\V 2.VD gasI \ Mol. mass gasI M, 
Volume of gas diffused 
Rate of diffusion = 


Time taken for diffusion 


L@., the volume which diffuses: in unit time. 

(i) Comparison of timies taken for the same volume of two 
gases: 
gases be rt, and ft, respectively, then 

aed 


“ << 


i ie i ce 
6] a d, M, 
fy 
t d M 
or . 2 = 2 = a2 ’ 


(ii) Comparison of the volumes of the gases that diffuse in 
same time: Let V, and V, be the volumes of two gases that 


diffuse in the same time t. Then 


Vy 
not MW _ {dz _ |M, 
nh Vy V5 a Vm, 
t 


(iii) Effect of pressure on rate of diffusion: When pressure 
is not constant then rate of effusion may be taken proportional to 
pressure. 

1 


LS en 


: M 
Combination of these equations gives: 


VM 
P IM 
or. Leet ee aces 
, mH Py YM, 


 pocP 


r 


How to Determine Rate of Diffusion? 


(a) Rate of diffusion is equal to distance travelled by gas per 
unit time through a tube of uniform cross-section. 


(b) Number of moles etusiig per unit time is also called rate 
of diffusion. 


‘(c) Decrease in pressure ofa cylinder per unit time is called 
_ tate of effusion of gas. : 
Application of Graham’s Law of Diffusion 


According to Graham’s law of diffusion, the ratio of rate of 
diffusion of two gases may be eet: as: 


Let the times of diffusion for the same volume of two. 


Fy M, 


where, //, and M, are respective molar masses of the gases. 


i/2 
The factor (2) is called enrichment factor; this tells 
1 
about the preferential effusion of lighter species relative to the 
heavier ones. This enrichment can be applied to 
separate isotopes. For example, the isotope U7’, the active 
component in atomic weapons and in nuclear power generation, 
has a natural abundance of only 0.7% while U**® is far more 
abundant. By reaction’ of the isotopic mixture with fluorine, 
gaseous UF, is produced and can be enriched by passing it 
through a porous barrier. The process of diffusion through the 
porous barrier is repeated many times to achieve sufficient 
enrichment, 
, ‘ 

_ Separation factor ‘ f ’ = Pia, 
ny [Ny ; 
where, n,n, and n,’n," are the concentration of two aSOLOpEE 
before and after diffusion. 


: . : [M 
Theoretical separation factor for single step f’ = a 
1 


Let enrichment of species ‘1’ is es after ‘ ”’ times then 


(fy =e 
n/n, 

,/n 

nlog f oe (2! :) 

n/n, 

n log Ma a jog| Bint 

l ny / Ay 


M (1 ny 
» Blog| 2 |= 1og| 4" | 
2 M,) - m1, | 


2g (02 
_ n/n). 2log(f) 


wa 


722889 @iSome Sotvep ExaMpLes\ 989°": ; 


. Example 20. 4 10Jitre flask contains 02 mole of methane, 


0.3 mole of hydrogen and 0.4 mole of nitrogew at 25°C. What is 
the partial pressure of each component and what is the pressure 
inside the flask?. 


~ Solution: P= a 
Partial pressure of methane = O21 298 0.489 atm 
Partial pressure of hydrogen = ae = 0,734 atm | 
ada pressure of nitrogen = ERS . 228s 0.979 atm 


10 
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Total pressure = (0.489 + 0.734 + 0.979) atm 
= 2.202 atm 
Total number of moles 
= 0.2+0.34+04=0.9 
Let the total pressure be P. 


Alternative solution: 


We know that, 
p= total number of moles _ RT 
7 V 
V = 10litre, R = 0.0821L atmK™', T = (25+ 273)= 298K 


P = x 0,0821x 298= 2.20 atm 


Partial pressure of CH, = Mole fraction of methane 


x total pressure 


= x 2.20 = 0.489 atm 


Partial pressure of H, = Mole fraction of H, x total pressure 


- 93 05 99= 0.733 atm 
0.9 


Partial pressure of N, = Mole fraction of N. x total pressure 


294 550-0078 am 
“09 


Example 21. /f 200 mL of N, at 25°C and a pressure of 


250 min are mixed with 350 mL of O, at 25°C and a pressure of | 


300 nim so that, the volume of resulting mixture is 300 mL, what 
would be the final pressure of the mixture at 25°C? - 

Solution: In the case of nitrogen, volume increases, its 
pressure must decrease. Let the new pressure be Pee 


250 x 200 
Px 5 = anges = 1666mm 


-In the case of oxygen, volume decreases, its pressure must 
increase. Let the new pressure be Po, . 
Box 300 x 350 | een 
: 300 
. Total pressure = Py , + om = (166.6 + 350) = 516.6 mm 


_ Example 22. 1.22 g of a gas measured over water at 15°C 
and a pressure of 775 mm of mercury: occupied 900° mL. 
Calculate the volume of drv gas at NTP. Vapour pressure of water 
at 15°C is 14 mm. 


(Applying Boyle’s law) 


Solution: Pressure of dry gas = Pressure of moist gas 
‘ — Aqueous tension 
= 775~14 
=76imm 
Initial conditions NTP conditions 
¥, = 900 mL Vy =? 
P, =76lmm P, = 760 mm 
T, = (273+ 15)= 288K T, =273K 
V, V, 
Since, eee 
T r, 
So, v= HUTS 
TP, 


(Applying Boyle’s law) | 


_ 761x 900 x 273 
= 288x760 > 
= 854.2 mL 


“Example 23. When 2 g of a gaseous substance A is 
introduced into an initially evacuated flask at 25°C, the pressure 
is found to be |-atmosphere. 3 g of another gaseous substance B 
is then added to it at the same temperature and pressure. The 


final pressure is found to be 1.5 atmosphere. Calculate the ratio 


of molecular masses of A and B assuming ideal gas behaviour. 
Solution: Let the molecular masses of A and B be M, and 


-M g respectively. . 


Pressure exerted by the gas B = (1.5— 1.0)= 05 atm. Volume 
and temperature are same in both the gases. 
For gasA: P=latm, w=2g, M=M, 


We know that, PY = JERE 
M 
ive RT of yg ee (i) 
My, V 
Forgas B: P=0.5atm, w=3g, M=M, 
0.5xV =——-RT or M, = cad ... fii) 
Mp, 0.5xV 


Dividing Eq. (i) by Eq. (ii), 
My _2RT  05xV 
M, V. 3RT 
2x05 1 
a 


Thus, My :M, =1:3° 


’ Example 24. Find the total pressure exerted iy 16 g 
methane and 2.2 g CO, contained in a four litre flask at 27°C. 


Solution: PV =(n, + ny )RT 
f 
Px4= +2 4 22) xo.0821% 300 
; ,1l6 44 
P= 0.9236 atm 
Example 25. 1500 mL flask contains 400 mg 0, and 60mg 


Hy at 100°C. 
(a) What is the total pressure in the flask? 


— (8) Ifthe mixture is permitted to react to form water vapour at 
100°C, what will be left and what will be their partial pressures? 


- Solution: (a) No. of moles of O, = mes = 0.0125 
: 1000 x 32 : 
No. of moles of Hy = —°2— = 0.03 
: “1000 x 2 
Partial pressure of O, = . bee oe aoe = 0.255 atm 
Partial pressure of H, = 0.03 x “= ee = 0.612 atm 


Total pressure = 0.255 + 0.612 = 0.867 atm 


224° 


(b) 2H, 


+ QO, =2H,0 
Initial 0.03 0.0125 0 
After reaction 0.005 - 0 0.025 
Partial pressure of H, = — Q.102 atm 
Partial pressure of H,O = es = 0.5] atm 


Example 26. 20 dm? of SO, diffuse through a porous 


partition in 60s. What volume of O, will diffuse under similar 
conditions in30s? . (UT 1996) 


20 


Solution: Rate of diffusion of SO, = oa dm? s 


Rate of diffusion of O, = x dm? s"! 


According to Graham’ s law of diffusion, 


_V130) _  |Mso, _ ct 
Mo, 


(20/ 60) 
V =14.1dm3 


- Example 27. 50 volume of hydrogen take 20 minute to 
diffuse out of a vessel. How long will 40 volume of oxygen take to 
diffuse out from the same vessel under the same conditions? 


Solution: Rate of diffusion for hydrogen, 4 = ., 
ean 40 
Rate of diffusion for oxygen, % = 
Mol. mass of hydrogen = 2 
Mol. mass of oxygen = 32 
50/ 20 32 
So fee, 
40/t 2 
50 t 
or mom YK ee SS 
20 40 


t = 64 minute 
Example 28. Calculate the relative rates of diffusion of 
23 UF, and 8UF in the gaseous state (At. mass of F = 19). 


Solution: | Mol. mass “°UF, = 235 + 6 x19 =349 
Mol. mass 73°UF, = 238 + 6 x19 = 352 
Bal Me ps = 1,0043 
by M, 349 
- R tF, 251.0043: 1.0000 
Example 29. 180 mL of a hydrocarbon diffuses through a 


porous membrane in 15 minutes while 120 mL of SO, under 
identical conditions diffuses in 20 minutes. What is the molecular 
mass of the hydrocarbon? 
Solution: 
¥ = rate of diffusion of hydrocarbon = = mL min! 


¥, = rate of diffusion of SO, = Se mL min 
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5 Mso, 
% M 
Thus, 180/15 S 64 
120/20 M 
2= 1A 
: M 
So, M=16 


Example 30. The reaction between gaseous NH, and HBr 
produces a white solid NH,Br. Suppose a small quantity of 
gaseous NH, and gaseous HBr are introduced simultaneously 
into opposite ends of an open tube which is one metre long. 
Calculate the distance of white solid formed from the end which 
was used to introduce NH;,. 

Solution: Let the 
NH; end =x cm. 

The distance of white solid from HBr end=(100—x)cm. 

Rates of diffusion shall be proportional to these distances. 


distance of white solid from 


As 8 8 Mee 
Fy. (100 — x) Myu, 
Mol. mass of HBr =1+80=81 
Mol. mass of NH; =14+3=17 
So, eee eee — 81 
(100- x) 17 
or, SIs 
(100 — x) 
So, x= 100 2.18 — 2.18% 
~ OF, : 3.18 = 100 x 2.18 
. 100 x 2.18 
So, pay sali 
3.18 
= 68.55 cm 


Example 31. At 27°C, hydrogen is leaked through a tiny 


hole into a vessel for 20minute. Another unknown gas at the same 


temperature and pressure as that of hydrogen leaked through the 
same hole for 20 minute. After the effusion of the gases the 


‘mixture exerts a pressure of 6 atmosphere. The hydrogen content 


of the mixture is 0.7 mole. If the volume of the coutainer is 3 litre, 
what is the molecular mass of the unknown gas? (UT 1992) 
Solution: Let py, and p,, be the partial pressures of 


hydrogen and unknown gas respectively and w be the number of 
motes of unknown gas, 


Pin, =" x 0.0821 x 300 


Pon = x 0.0821 x 300 


Adding both, 
Pu, + Por = 6= (1/3) x 0.0821 x 300(0.7 + w) 
w = 0.0308 mole 
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Applying law of diffusion, in, Pr M yor 
0.7/20 M Solution: = u 
: = 4 or M =1033 "er, Per, \ Mn, 
0.0308/ 20 , rs 


. Example 32. The ratio of velocities of diffusion of gases A. 
and B is 1:4. If the ratio of their masses present in the mixture is 


2:3, calculate the ratio of their mole fractions. (OEE Canby 10584”! 


Solution: As Ms. oA 
or. ~ & Ma = E 
M, 16 
Let masses W, and W, of A and Bbe present respective. 
A 
Mole fraction of A = M4 
W, , We 
ase ee eee 
M, M, 
we 
Mole fraction of B = Me 
Wy Wp 
“eras + Sceaci 
M, My, 
W 
Ratio = —4 x Me. 
a We 
or Way Ma area iy 
; . W, M,. 3 16 24 


Example 33. A space capsule is filled with neon gas at 
1.00 atm and 290 K. The gas effuses through a pin hole into outer 
space at such a rate that pressure drops by 0.30 torr per second. 

(a) If the capsule is filled with ammonia at the same 
temperature and pressure,.what would be rate of pressure drop? 

(b) If the capsule is filled with 30.0 mol % helium, 20.0 mol % 
oxygen and 50,0 mol % nitrogen at a total pressure of 1.0 atm and 
a temperature of 290 K, what would be the corresponding rate of 
pressure drop?. 

Solution: (a) The rate of Breet i is directly proportional 

to rate of effusion. 


=e = V0" -0,92 
om 


(b) The. average molecular mass of the gaseous mixture is — 
0.3x 4+ 0.2x 324+ 0,5x 28= 21.6 


; . 
Rate of drop of pressure = Ware x 0.30 


= (.29torr/ second | 


- Example 34. One mole of nitrogen gas at 0.8 atm takes 38° 
second to diffuse through a pin hole whereas one mole of an . 
unknown compound of xenon with fluorine at 1.6 atm takes 57 
second to diffuse through the same hole. Calculate the molecular 
formula of the compound. 


(IR LDS9y9) 


Molar volume 


, ny = tn, = fxer, = 57 
Ker, Molar volume ty, 38 
XeF,, 
57 08 [M xer, 
38 16 V 28 | 
; 5 7 
22) (1.6) 
=|—| x}/—1,x28 
ead am Ta ( ig) 
= 252 
| Xe+ nF = 252 
13l+nx19=252 
n=6 


Molecular formula = XeF, 
Example 35. 100.cm? of NH, diffuses through a pin hole 


in 32.5 second.. How much time will 60 cc of N, take to diffuse 
under the same conditions? 


NHs _ |My 


Solution: 7 
= n, Mxu; 
100/ 32.4 a 28 
60/t N17 
100xt —° /28 
60 x 32.5 17 
t = 25 second 
ILLUSTEATIONSOF OBJECTIVE QUESTIONS == 


10. A gas with molecular formula C,H,,,,. diffuses through a 


porous plug at a rate 1/6th of the rate of diffusion of hydrogen 
gas under similar conditions. The formula of the gas is: ; 


(a) CH, (b) C) pHa, (c)CsH, - (d) CoH, 
[Ans. (C)] 
ea 
(Hint: 4 = le 
mR \M, 
4 vant 
; 7 6 2 
M, =72 


“, The formula ‘of gas will be CH). ] 


11. Under similar conditions which of the following gases will 
diffuse four times as quickly as oxygen? 


(a)He » “s . (b) Hy (c) Np (d) D, 
[Ans. (b)] 
paint: “a = [Mos 


Oo, ¥ Maas 


yO 


226 | 


or. My, = =.2,.he; Hy] 
[655 oe ae 


. 12. The rates of diffusion of f hydrogen and deuterium are in the 


ratio: 
(a)l:1- 
(Ans. (b)].. 


i ue ; My : > a 
[Hint: ee P3 ats 
ty \Mu, 


tia, = V2ip, | 


13. The time taken for effusion of. 64 mL of oxygen will be same 
as the time taken for the effusion of which of the following 
gases under identical conditions? 


03: [fea (d) 1:4 


(a) 64 mL of H, ‘(b) 100 mL of N, 
“ {¢).64 mL of CO; > “(d) 45.24 mL of SO,” 
“fans @) Eo Se Se 
He 7 
[Elint:: ae -_ 
: Tyas Mo, 
64 [64 64 
—=,J— or V=—== 45.25 mL 
V 32 or ey oe 2m ] 


14. | Which of the following pairs of gases will have identical rate 
of effusion under similar conditions? 
(a) Diprotium: and dideuterium 
(b) Carbon dioxide and ethane 
(c) Dideutertum and helium 
___ (d) Ethene and ethane 
\ (Ans. (C)] Php ie, Se ee Ee ak : 4 : 
7 [Hint: Dideuterium and helium have same niviat’ mass, “heince 
a they will diffuse with identical rate under identical conditions. ] 
15. Two gas | bulbs A and B are connected by a tube having a 
vs ‘stopcock. Bulb 4 ‘has a volume of 100 mL and contains 
‘hydrogen. After opening the gas from A to the evacuated 
“bulb B, the pressure falls down to 40%. The volume (mL) of 


B must be: > [PET (Kerala) 2006] 
(a) 75 (b) 150 (c) 125 . .(d).200 

(e) 250 ae a * 

[Ans. (b)] 


(Hint: BY,(4) + BY,(B)= PAV, 4 < ¥. 
100 x 100 + 0x ¥; = 40(100 + ¥5) 
Vy = 250~ 100 = 150 mE] 


7: -KINETIC THEORY OF GASES 


This’ theory was a generalization for ‘about ideal gases. It was 
presented by Bernoulli in 1738 and developed in. 1860 by 
Clausius, Maxwell, Kroning and Boltzmann. Postulates of 
kinetic theory of gases are: 
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(1) Gases are made up of small structural units called atoms . 
_ or molecules. Volume oF” individual atom or ‘molecule is 
' €otisidered negligible.- og ee 


(2) Gas sdleeulexe: are always in rapid random motion 
colliding with each other:‘and:with the wall of container. 
(3) Collision: among gas molecules i i§ perfectly elastic, Le., 


there is no loss in Kinetic energy and moment: during such 
collision. 


(4) Gas molecules neither attract nor aula each other: an 


(5) Pressure exerted by gas is due to collisions of gas 
molecules with the wall of the container. 


Pressure e Number of collisions per unit time per unit area 
by the molecules on the wall of the container 


(6) Kinetic energy of gas molecules depends only on absolute 
temperature. 


Kinetic energy & absolute temperature 

(7) The force of, gravity, has 1 no effect on the speed of. a8, 
molecules. 
Derivation of Kinetic Gas Equation 

On the basis of the postulates of kinetic theory of gases, it is 
possible to derive the mathematical expression, commonly 
known as kinetic gas equation, i.e. , 

PY.= - mic? 
3 


where, P = pressure.of the gas, V = volume of the gas, m= mass 
of a molecule, n= number of molecules present in the piven 


. amount.of a gas and c= root,mean square speed. : 


The-root mean square speed (rms speed) may be denned as the 
square root of the mean of Squares | of the individual sneee of all 
the molecules. 


_mms speed = 


Before -—__ 
‘collision - “Uy ; 


_. After — 
J collision — 


Fig.4.5 


‘ 
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- Consider.a certain mass of a gas enclosed in a,cubical vessel of 
side: ‘P cm. Let the total number of gas molecules be ‘n’ and: mass 
of each molecule be ‘m’. Let ¢ be the root mean square speed. 
Speed can be resojved into three components,:i.e.,U,,U,, andU, 
parallel to the sake of the container (i. . , parallel to ‘three axes xX, 
yand z )._ 2 an totes 

c= U2. + U2. + ui 


_ Consider the movement of a single molecule between opposite 


. faces A and B parallel to x-axis..When the molecule strikes with - 


one wall of the container, it bounces back v mi the same speed 
and subsequently strikes the opposite wall. 


The momentum of the molecule Before collision with 
face A =mU,,. 


The momentum of the molecule ater collision = =—mU, 


The changes in momentum in one e collision = mU, (= -nU, ) 
- = 2m, 


After olsen the molecule must move.a distance 2/cm along a 
x-axis before making another impact on this wall. Since the 


velocity ‘U,’ remains unchanged, the time taken to travel a 


distance 2/ cm = —— second. 
~ So, the number of éollisions by the gas molecule in one second 


ae oe 
Be i ncaa, gee. U, ass 
Change of momentum per second = 2mU, x —~ =m ; 


The change of momentum on both the opposite faces A-and B 


along x-axis per. second would be double, i.e., oe ee 


Similarly, _ 
a aes 
Change in momentum per sectind alone ‘y axis = = 
2 4 
and change i in momentum per second along z- axis = er: 2 : 


_ Hence, total change of momentum per: seéond 0 on nall faces will 
be 

QmU2. 2mU3. mu? 

eae er 


alla op. +U? +0?) 


parr oe 


Change of momentum per - second = Poice 


~ Force 
Pressure = Soy 
Ar 


‘Area’ 


tee 8 : ie 2- : 

Pressure created oy one inolecuive 7 mn Pa 

2mnc* 
6/7 


Picscure created by Hn sclecales = 


P= [=aV 
ees [P=y) 
or Becher ease oa. 


This babation is called Kinetic gas equation: : 
"For one Sarat mole of the gas, ° 

re Oe NO (Avogadro’ S auinber) 
602X107 > 


mx N= M= molecular. mass of the gas. 
‘The above kinetic equation can be written as: 


oar 


or ee 


Thus, 


oe} 


The value of R should be taken in erg Kk" mol ',eg 
~ R=8314x10' erg K™ mol” 


aie ee < ig ‘ : 2 
eases eC: 3 [Tv x 10 cm/sec 
M eee M 


Calculation of Kinetic Energy 


PY == mnc? 0° 
3 


For one a mole of the gas, 
. ~PV=RT and n=N 


a mNc* aT 
3 
21 \ 
or a5 mNc? = RT (bane? a 
2 KE=RT 
3 
3° 
or KE=— ART 
: oe. ad 


"Average kinetic energy per mol does not depertd on the nature 


of the gas but depends only on temperature. Thus, when two 
gases are mixed at the same temperature, chere will be-no rise or 
decrease in temperature unless both react chemically.’ 


Average kinetic energy per molecule = iveage “ Dee: 
ae ee en 
po ee a 


k = Boltzmann constant 


_ [d = density] | 
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The ratio R/N is constant and is- known as Boltzmann 
constant. Its numerical value is.1.38 x 107'° erg K~! molecule”. 


4.8 MAXWELL-BOLTZMANN DISTRIBU" HOM 
OF MOLECULAR SPEEDS 


The gas molecules are moving in all possible directions. They 
collide with one another and: also with the walls of the container. 
As a result of collisions, the speed and direction of the gas 
molecules are ever changing, i.e., all the molecules in a given 
sample of gas do not have the same speed. 

__° The distribution of gas molecules among different possible 
speeds was studied by Maxwell and Boltzmann using the theory 
of probability. The results are mathematically expressed as, 
3/2 Mu? 
dNu = any | oN M | e RT y? du 
2uRT 


2 


” 43/20 mi . 
=4nN @ WRT y2dy 
2nkT | 


-Here, N = Total number of molecules, 4 = molar mass of gas . 


. This expression gives the number of molecules (dNu) having 
speed between u and (w+ du) at temperature (7). 
A plot of fraction of molecules in the speed range (u+ du), 
1 ( yes F 
—|—— against speed wu is: 
N\ du ; 


ae 


1000°C 


- ‘ 
speed . 


Fig. 4.6 - 


U mp = most probable speed | 
Vay = average speed 
Uys = root mean square speed 


Kinds of Molecular Speeds 
Molecular speeds are of three types: 
(i) The rms speed, ; 
_ (ii); The average speed and / 
(ili) The most probable speed ° 


(i) The root mean square speed: The speed in kinetic gas" 


equation, PV = a mnc*,, is the hypothetical speed possessed by 


all the gas molecules when the total kinetic energy is equally: - 
distributed amongst them. The total kinetic energy of the x 
molecules of the gas is sum of the kinetic energies of the 
individual molecules. 


Total kinetic energy 
1 2,1 2 Lies 1 2 re 
= —me; +— mc, +—-mcz +...+—me we G1 
2 { 2 2 2 3 2 it ( ) 
Let ¢ be the ve locity Bese by each of the » molecules; 
then, ; 


total kinetic energy =n x : me? .. (il) 

Equating both the equations, 
Weenie Some ARE Bee 2 
2 2 eX Timea 


2 2 2 2 2 
2 ie! + C5 + C3 +4 tosh Cy 


or 
n 
2 fs 3 3 
Cy ep te, t+...4+¢), 
or c= fi 2 3 MH 
id oa 


Thus, rms speed is defined as the square root of the mean of 
the squares of the speed of all the molecules present in the given 
sample of the gas. The value of c is determined by name the 
following expressions:. 


RPV BRT [3P 
“MM M d 

In SI units, the values of R, P,V, M and d used are given 
below: 

(i) R=8.3141K7! mol! orR = 8.314 kPadm’ Ko mol”? 

(ii) V of the gas always in litre 

Gii) P of the gas in kilopascal (kPa). 1 atm = 101.3 kPa and 

~ | torr =.0.133 kPa 

(iv) M in kg mol” . 

(vy) dinkgm™ 

(ii) Average speed: 
speeds of the molecules. 


It is the arithmetic mean of the various 


n 


) Oy teg ty +... Fe 
Average speed = —-—-2- 3 


It is equal to pitt ’ 
TAL 


It is related to rms speed by the following relationship: 
Average speed = 0.9213 x rms speed 


nh. 


rms speed = 1,085 x average speed 


(iii) Most probable speed: This is defined as the speed 
possessed by maximum number of molecules of a gas at a given 
temperature. 


Note: ‘Root mean square speed explained the non-existence of gases in the atmosphere of moon. Root mean square speed of gases exceeds-the 
_escape. velocity of moon and hence gases s escape from atmosphere of moon against the gravitational barrier of moon. 
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It is equal to ieee 2 
M “ 


This is related to rms speed by the following relationship: 


Most probable speed = 2 | rms = 0.816 rms 


or rms = 1.224 most probable speed 
The three kinds of molecular speeds are related to each other 
as: a , . Res fa 
Most prébable speed : Average speed : rms speed 
- PORT {8RT. /3RT 
M NxM VM 
a2: [5:3 
Tt 
> 1.128 : 1.224 
rms speed at any ytempertur t° Cmay be related to its value at 
STP as: *. 
(273+ t) . 
eae reareeeees w 
° V 27 Z . 
3P a 
Cg = wa Pe . 
From eqs. (i) and (ii), we get 
‘ " fap «(273 +8) 
7 V2 


laears +t) 
273d 
Some Essential Points for Distribution 
of Molecular Speed ; 
(i) The fraction of molecules with very low or very high 


- speeds is very small. Maximum fraction of molecules have speed 
near to the most probable speed v,,, 


Fig. 4.7 Distribution of molecular speeds of various 
gases at a constant temperature | 


(ii), Total area under the curve is a measure of total number of 


molecules in the collection. Thus, area under the curve remains 
constant at different temperature.” 


(iii) Distribution of molecular speed also depends upon the 
molecular mass of the gas. At similar temperature a heavier gas 
molecule has a narrow distribution of speed than those of lighter 
gas molecules. 

(iv) The fraction of molecules having speed greater than 
minimum goes on increasing with increase in speed. It reaches fo 
a maximum value and then begins to decrease. 

(v) As long as temperature of the gas is constant, the fraction 
having a particular speed remains the same inspite of the fact that 
the molecules change their speeds due to collisions. 

The increase in the temperature of the gas increases the 
molecular speed. As a result, the most probable speed increases 
with the increase of temperature and the distribution curve shifts 
towards right. The general shape of the curve remains the same 
but the maxima of the curve becomes somewhat flat at a higher 
temperature, /.e., there is a wider distribution of molecular speeds 
and the fraction of the molecules having high speeds increases. 
However, the fraction of molecules possessing most probable 
speeds decreases with increase in teint 


Ta> Ti 
Most probable 
speed 


Fraction ————+ 


$35: .- 
Ooevev+: 


\SOME SOLVED EXAMPLES\ 
Example 36. Calculate the kinetic energy in joule of 8.00g . 
of} onethane at 27°C. 


Solution: Number of gram ingias of methane = 


he 


ie 
T = (27+ 273) =300K 
R=832JK7 mol! © 


Kinetic energy for one gram mole = ; RT 


2 : x 8.32% 300J 
Thus, ; 
_ kinetic energy for 5 gram mole = 3x5 x 2 x 8.32 % 300 = 1872) 


.. Example 37. - Calculate the ‘average and total kinetic. 
energy of 0.5 mole ofian idéal gas at 0°C. 


za | | 


7 


. Solution: _ Average: kinetic EYP Bet molecule ofthe reas 


ss q tte, i eas 
$i Sonos 
_. 26.023 x 107 Ao eae edicts 
= 5.65 1074 erg = 565x107 5 Ss 
: ‘Total kinetic energy of 0.5 mole, of the | vas. is 


“SE RTxOS © 
he g314% 1 x 27305" 
_=1.702x 10° ei = 1.70210 


Example 38. . Calculate’ the: pressure eed i 10% gas 


wolkenes each.of.mass 10°? “8 ina: 1 container rg volume: L litre, 
the'rms, speed is. 10°’ ems. ener pat a be 


“Solution: Using kinetic gas equation,” 


Given, V = llitre = 1000 mL = 1000 cm?: 
ande=10° cms” 


Substituting the valliag in the above aay 

a yee 3. plo : 
Dee OT ee 38a! dyne em? 
3 1000 


Example 39. Calculate the root mean square speed of an 
oxygen molecule at 288 K in ST units. 


n=10";m=10™ g 


P= 


ae . 3RT 
ne 


M 
R=8.314kPadm® K~ mol! 


Solution ‘s 


, T=288K 
ani outta 


, 3x 8.314 x 288 
0.032 


> Bxaitiple 40. Calculate the root mean square speed of 
hydrogen molecule at § TP 


Pr 


a 473: 79 ms 


Solution: | : ara ; 
‘P=latm=101.3kPa. - 
V=224dm? 

M =2g mol"! =0.002 ke mol” 
Substituting the valuec, 
“7 c= ae ee 
0.002 ; 
“Alternative method: : 


M 
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R =8.314kPa dm? K7! mol! 


Pe Kee 3 
M = 0.002 kg mol"! 7. 
Substituting the ‘values, ae 
See BRB: 314x273 . Leppert 
V 0.002 
Example 41.. One: at: 1 atmosphere and 0°C has ‘a 


density of 1.4290.g L"'.. Find the.rms.speed of oxygen molecule. 
Solution: P= atm = 101. 3x10° Pa 
—_ aa i 4290 2) 1 = 1.4290 kent 
We know that, a 
[3P  SoTTERTOa 
“Va V14290 


Example 42. 4t what. temperature- will hydrogen 


‘molecules have the same root: mean square. speed: as: sale il ane 
molecules at 27°C? 


—- 3R x 300 x 300 
Solution : 


or —= 


= 461.15 ms"! 


rele 21.43 K 
cae 


Example 43. Calculate.the root) mean re average and 
most probable speed of oxygen at 27 °C. 


27°C = 300K. 
: P3RT 


Root mean pavers seed = Vy 


Solution: 


R= =8314x10" erg K~" mol; 
_ Supstiiting the values, 


M = 32g nol”! oF 30K 


eccrine: 300 : 
= 48356 cm/ sec 

= 483.56 m/ sec 

BRT 

7™M 


Average speed 


[8% 8:314% 10! x 300x 7 
| 22% 32- 

= 44542 cm/sec 
=. 445.42 m/sec 


 [2xRxT 


2x 8.314x 107 x 300 
. pe = a 
= 39483 cm/ sec 
- = 394.83 m/ sec 


~ Example 44. Calculate the average . kinetic energy per 
mole of COy gas at 27°C in different units. 


i) 


“Most probable speed 
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22° 
‘ 3- 3 
Solution: KE=—ArT . BE ORT 
2 ple ee 
: ™ Ba! 2 Re 
= 5 x 11.987 x 300= = 894.15 cal ae 2 
e | 1, 600 
OPS) ha Ae SOAS er sh : ia 
KE=2nRT one 
a See >= 300K 
aber 3idx300 - 122PC) Bot aide ent 
Bees 18.. The root mean square speed of ‘idledaleg e nitrogeti gas isv 
: 237 Ay j : ~cat.a:certain temperature. When the temperature. is. doubled, 
aes . the.molecules dissociate into individual atoms. The new rms . 
=3.741x 10 e ere” vat Sake . . speed.of the atom is: a ee 
Example 45. A gas bulb of 1 litre capacity contains ‘@) aor » (b) 20: EVO co ad) ca 
2.0x 107) alee’ of nitrogen: exerting a ‘pressure: of Tans. (®)] ee 
7.57X10° N m? . Calculate the root mean square. speed and [Hint: U,=4 
temper ature of the gas molecules, If the ratio of most probable 
_ speed to thé root mean square speed is 0.82, calculate the most . =P, My=MI2 
probable speed of these molecules at t this tempera autre, po ° _ - Rx 27 ; 
“(IT 1993) ane 19 a pT 7 ss Yi 
Siudba: Athount of the gas NG 2.0 x io moles ite 19, The translational kinetic energy of an_ ideal gas depends only 
6.023 x 10° : __ On its: 
z (a) pressure (b) force 
Given, V= ‘litre = = 1073 mi iP TSIX 10° ‘Nm (c) temperature (d) molar mass 
R=83143K7 mol”. : [Ans.  (c)] 
Applying Py= RT or T [Hint: KE = 5 Rr . Kinetic cnergy depends on temperature. ] 
OW 
“6 7 20. At what temperature is the rms spéed of H, molecules the 
10° x 7.57.x10° . ono 
* =274.2K same as that of oxygen molecules at 1327°C% 
2.0.x 10? — (a)173K (by) 100K — (ce) 400K (4) S23 K 
6.023 x 10? - (Ans, (bP — 
ncaa aie. «SLE, (BRT, 
be 3X 8.314'274.2 | ; (Hint: : hy = 2 
rms speed = ORE eB = 494, 22 ms” i My ji, My jo. 
MY ° 28x io7 a : ° 
a iPad T, fieoo 
Most probable speed = 0.8 x rms 1 Naas Per 
1. & = = A ; eta, 
- 0.8 x 494.22 ms! pita 20 ms : -T,2100K]: 


LUSTRATIONS OF OBJECTIVE QUESTIONS _ 


16. At what temperature is the root mean square speed of N, gas 


equal to that of propane gas at STP? 
(a) 173.7°C (Bb) 173.7K . (c) 273K 
[Ans. (b)] 


(Hint: Vans(N2) = Vin(C3Hg) 


Rr. [3R 273 
28 44 
T =173.7K] 


At what temperature is the kinetic energy of a gas molecule 
half of its value at 327°C? 


- @=40°C.. - 


17. 22. 


(a) 62.32 5. 


’ Hint: 


‘If the temperature of 1 mole of'a gas is’ increased’ ry 50°C, 


calculate the change in SINGS energy of He Rees 


> CDCE 2606 ) 


(b) 6.235 J @). 6235.0 F 


{c ) 623. 5 7 
[Ans. 


(c)] . : 
E= Ser (Kinetic seg of | ra gas) ik 7 


AE D5 RF + 50) — 5 2 ar 


Baysoadnssiens 
= 623.55 J] 


At same temperature, calculate the ratio of é average velocity of . 


SO, to CH,: (DCE 2006 > 
(a) 13.5°C (by 150°C. (c) 27°C (d) ~123°C (a) 2:3 (b) 3:4 ©) HZ 8 16 

[Ans.  (c)] (Ans. (c)} 

(Hint: KE= 27 Hint: 0, = BRT 


TU 


?s0, x Men, 

cH, so, 
= 
16 


4.9 . VAN DER WAALS’ EQUATION 


The gas which conforms to all of the postulates of kinetic theory 
or which obeys Boyle’s law and Charles’ law rigidly for all values 
of temperature and pressure or which strictly follows the general 
gas equation (PY = nRT )is called ideal or perfect gas. Actually 
no gas is ideal or perfect in nature. Under ordinary conditions, 
only those gases nearly behave as ideal or perfect which have 
very low boiling points such as nitrogen, hydrogen, etc. 

At low pressure and moderately high fanperature, the- real 
gases app ach ideal behaviour (see fig.). 


Ideal 


Real | at To 


Real | at Ts 


Ideal gas 


=~ Ideal 
= 
Real | at T, 


Real gas Py 


SneteSc-==s5 <-~-~ Ideal 
(T3> To >T,) 
Pressure (P) —— 


i -(b) 


' Fig. 4.9 (a) Ideal and real gas, (b) Ideal and real gas (real gas 
is approaching ideal behaviour with rise in temperature) 


It is observed that deviations from gas laws are high under 


‘high pressure and low temperature. van der Waals suggested that. 
these deviations are due to the following two faulty assumptions 


_in the kinetic theory of gases: 

(i) Actual volume of the gas molecules is negligible as 
compared to the total volume of the gas. 

(ii) Intermolecular attractions are not present in gases. 

- yan der Waals pointed out that in the case of real gases, 
molecules do have a volume and also exert. intermolecular 
attractions especiaily when.the pressure is high and temperature 
is low. He applied two corrections: 

(a) Volume correction: van der ‘Waals assumed that 
molecules of a real gas are rigid spherical particles which possess 
a definite volume. Thus, the volume of a real gas, ie., volume 
available for compression or movement is, therefore, actual 
volume minus the volume occupied by gas molecuies. If b is the 
_effective volume of the molecules per mol of the gas, the ideai 
volume for the gas equation is (V — b) and not V, i.e., 

corrected volume ‘V,’ =V — b for one mole of the gas 
_ and for n mole of the gas, ‘V;’ =V —nb. 
_b is termed the excluded volume which is constant and 


characteristic for each gas. The excluded volume ‘d’ is actually 
four times the actual volume of the gas molecules. 
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b=| Sm |can 


where ‘/? = radius of gas molecule 
N = Avogadro’s number 

(b) Pressure correction: A molecule in the interior of the 
gas is attracted by other molecules on all sides. These forces, 
thus, are not effective, as equal and opposite forces cancel each 
other. However, a gas molecule which is just going to strike the 
wall of the vessel experiences an inward pull due to unbalanced 
attractive forces. Therefore, it strikes the wall with less 
momentum and the observed pressure will be less than the ideal 
pressure. 

Prideal = Pops se 

where P’ is the pressure correction. . 


Pressure Correction Depends upon Two Factors: 


(i) The attractive force exerted on a single molecule about to 
strike the wall is proportional to the number of molecules per unit 
volume tn the bulk of the gas. : 

(ii) The number of molecules striking the wall which is also 
proportional to the number of molecules Pe unit volume of the 
gas. 

Both these factors are proportional to the density of the gas. 
Therefore, the attractive force is proportional to the square of the 
density of the gas. 

P’ « total attractive force 


or os . | eee 


where ‘ a’ is a constant depending upon the nature of the gas and V 
is the volume of | mole-of the gas.- 


Thus, corrected oe Pia = Pig ts 


Making both the BoreCHiOnS, ihe general gas equation 


PV = RT may be written as: _ 
(p + * W —b)=RT 
Ks 


The equation is called van der Waals’ equation. van der Waals’ 
equation for 7 moles of the gas is: 
; y ; sy 
| poty (V ~nb)=nRT 
a ho 
\ a 


van.der Waals’ equation is obeyed by real gases over a wide 
range of temperature and pressure and henge this equation is 
called equation of state for the real gases. ‘Fhe constants ‘a’ and 


‘b’ are called van der Waals’ constants and they are characteristic - 


of each gas. 
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Unit of van der Waals’ Coustanes 


a and b are expressed in terms OF the units of P and Ve. 


. 


, #R 2a 
Pressure correction P’ = i sens 
¥ 


PV a _ Pressure correction x (Volume)? 
n? (Mole)? ; 
Thus, if pressure and volume are expressed in atmosphere 


and litre aca the ‘units of constant. ‘a’ will be 
atmosphere litre? mol 


° a= 


SI unit, ‘a’= N m* mol~ 


‘b’ is the effective volume of the gas molecules in one gram 
mole of the gas. Thus, the unit of ‘b’ is the same as for the 
volume, i.e., litre mol?! . 

ST unit, ‘b’ = 


Boyle temperature: The temperature at which real gas 
behaves like ideal gas and obeys the gas laws over a wide range 
of pressure is called Boyle temperature ‘7;,’. At this temperature, 
PV remains constant for an appreciable range of pressure 


m? mol! 


where, 7, = inversion temperature . 
a, b = van der Waals’ constants 


At Boyle temperature, — = (when P approaches zero. 


4.10 CRITICAL PHENOMENON AND 
LIQUEFACTION OF GASES 


During the early, part of nineteenth century; a number of gases | 


such as carbon dioxide, sulphur dioxide, ammonia, etc. were 
liquefied by subjecting the gas to low temperature and high 
pressure. On cooling, the kinetic energy of the gas molecules 
decreases. The slow moving molecules come nearer to each other 
due to forces of attraction and, thus, aggregate and are converted 
into liquid. The increase of: pressure can also bring the gas 
molecules closer to each other and, thus, is helpful in converting 


a gas into liquid. The effect of temperature is .rather more’ 
important than that of pressure. The essential conditions for , 


liquefaction of gases were discovered by Andrews in 1869-as a 
result of his study of Pressure-Volume-Temperature (P4-T ) 
relationship for carbon dioxide. It was found that above a certain 
temperature, it was impossible to liquefy a gas whatever the 
pressure was applied. The temperature below which the gas 
can be liquefied by the application of pressure alone is called 


critical temperature (7). The pressure required to liquefy a . 


gas at this temperature is called the critical pressure (P, ). The 
volume occupied by one mole of the substance at the critical 
temperature and pressure is called critical volume (/’, ). 

The results of Andrews experiments are shown in the 
following Figure. 4.10(a) in which the pressure is plotted against 
volume at various temperatures for carbon dioxide. Each 
pressure-volume plot is called isotherm. 


Let us consider an isotherm at 13.1°C. At low pressure, carbon 
dioxide is entirely gaseous and is represented by the point (4) in 
the isotherm. On increasing pressure, volume decreases as shown 
by the portion AX of the isotherm, approximately in accordance 
with Boyle’s law. At X, deviations from Boyle’s law begin to ~ 
appear and the volume decreases rapidly as the gas is converted 
into liquid. At point Y, carbon dioxide has been completely ~ 
liquefied. Between X and Y, pressure remains constant and both 
the gas and liquid phases are in equilibrium. The pressure 
corresponding to the horizontal portion XY of the isotherm is the 
vapour pressure of the liquid at the temperature of the isotherm. 

The isotherm at 21.5°C shows a similar behaviour except that 
liquefaction starts at higher pressure and the horizontal portion 
‘MN is shorter. As the temperature is raised, the horizontal portion 


Pressure ——~> 


‘Volume ——» 


Fig. 4.10 (a) !sotherms of carbon dioxide 
showing critical region 


of the isotherm becomes smaller and smaller until at 31.1°C at 
which it reduces to a point P. Point P is called critical point; at 
this point the boundary between liquid and gas phase (meniscus) ~ 
disappears indicating that both the phases have identical 
characteristics. Above 31.1°C, there is no’ indication of - 
liquefaction. The isotherm at critical temperature 31.1°C is called 
critical isotherm. The tangent at critical point P is horizontal, so | 


that, S at critical point will be zero. Thus, the point ‘P’ is also 


called the point of inflection. 

It may be concluded from this explanation that in the area to 
the left of the dotted line below the critical isotherm, only liquid 
carbon dioxide exists. To the right of the dotted line, only gaseous 
carbon dioxide exists. The horizontal portion, within the dotted 
line shows the equilibrium between gas and liquid phase, 


The van der Waals’ Equation and the Critical 
Constants 


The van der Waals’ equation for 1 mole of a gas is given by: 
[P + 4 VV —b)=RT 
‘ V 2 


. This equation may be written as, 


pie 2 epee 2 RT 
V y? 
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or PV 3-4 a - Ph¥ * ~ab- Riv Ae Qs tet), 
; Dividing, above — ‘by ‘P’, we get oe i ae . 
5 Je v3 #4 ov? ab. Blaeert eee - 
chee Pp De ay gee eae 
~ Arranging’ in. descending powers of V, we get aa we 
Valen Eyes sli #20. fh 


‘ Bavation Gis issa: cubic. equation. in. y? haa therefire: for. any. 
value of P arid 7, it-will.have three:values of V,-all of which may 
be real or one may be real and. the other two: imaginary. When 
pressure versus..volume plots:are-constructed using ces ) 
we. get-the curves.as shown in Fig. 4:10(¢b).. - shag 

It is evident from the Fig. 4.10 (b) that théc curves at atid apave 
the critical temperature are similar to those in Fig. 4.10, (a). 
However, below critical temperature, the horizontal portion 
determining the coexistence of gas and liquid is replaced by a (~) 
shaped curve ABC in Fig. 4.10(b). Thus, this curve predicts that 
there are three values of V corresponding to the points A, B andC. 
At the critical point “P’, the three roots of van der Waals’ equation 
are not only real and positive but also identical and equal to the 
critical value V,. This condos aay be expressed as, 


Pressure ——> . 


ics 4. 18 ey Isotherms of carbon dioxide according t to as 


-van der Waals’ equation | -- 
‘Ve=v, 
OR fp EE eg oa i eel) 
os eh Gavpeo - 
Pay tae? 


At critical point, equations (i) and (ii) must be identical, Com- 
paring and equating the coefficients of like powers of V Ewer 


3V.=b+ ii 
v= s ... iv) 
yet a) 


In above eo SquaHone {=T,, P= P., at critical state. 


SO oe say 
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Dividing equation () by (iv); we get, 


lead 
i.@., = ergs OS . (vi) 
Substituting the value of V, from £4 (vi) i in (v), we get 
Gb)? 
¢ 
Gs : 
. vii 
Finally, substtting the values of P, and V,; in eq. iti, “we get. 
T.= 8a ‘ .. (viii) 
“27RD - 


We can express the constants a, b and Rin terms of critical 
constants as: 


V, 
3 
gaPV? 
pa shcMe 
Fhe magic .. (IX) 


Equation (ix) is called equation of critical state. Critical 
compressibility factor of a gas may be calculated as, 


(3b) 
Z, ey, Lan) 0.375 
RT. 8a 
(sans) 
Critical constants of gases 
Gas) | P, (atm) V, (cm? md) TK) 
bo He te 28 ses aa 53 
ve HL te ADBa (aR 
Nee ge ar ee ges 444 
AE oa 3 eda, “Sgn ae 
See ba. BOS 4 dF ee Ide 454.5. 
CO, - eget a - 95.0 . 304.2; 
H,O 218.0 55.6 * 6473 
NH; MO, 2° Se 8880 405.5 . 
CH, = 458 0 99.0 HBTs 0, < 
CoHe :.° 48.2. 139.0 § 305.5 
CH, 50.5 124.0 417.2 


4.10.1 EXPERIMENTAL METHODS FOR 
; LIQUEFACTION OF GASES“ 


Discovery of critical phenomenon by Andrews i in 1869 showed 
that gases cannot .be liquefied by the.application of pressure. 
alone; they must first be cooled below.their critical temperatures 
and then subjected to adequate pressure to cause liquefaction. - 


- Principles saved in iiquetaction are:: favdot 

(1) A gas must be at or below its cnacal temperature. Lower 
the temperature below. the critical. value, easier would be the 
liquefaction. . ~ 


(2) The gas is cooled ‘ies aby doing Sea dial work or by 
‘expanding against the internal forces of molecular attraction. 
__ Low temperature for liquefaction of gases can be. achieved by 
the following techniques: 

(a) Cooling by rapid evaporation ofa ‘volatile cligid, 

(b) Cooling by Joule-Thomson effect. 


‘work. - 


(a) Cooling by Rapid Evanorstion of a Volatile Liquid. 


- This method was first employed by. Pictet and Cailletet. An 
easily volatile liquid is rapidly evaporated :to cool and liquefy:a 
less volatile liquid. This is the-principle underlying the cascade 
process [Fig. 4.11(a)] for liquefaction of 0... 0 ws |. 


os Wate, zy < 


~~ “Dewar flask — 
Liquid oxygen 


Fig. 4. 11 (a) Cascade process for the - 
liquefaction of oxygen 


The apparatus consists of three compression pumps SP , P, and 
P,, and three compression chambers A, Band C. The compression 
pumps are joined in series. The pump P, compresses methyl 
chloride gas which is cooled by cold water circulating in outer 
jacket of A. As the critical temperature of methyl chloride is 
143°C, it is liquefied at room temperature. The liquid methyl 
chloride passes through valve P; into the outer jacket of B which 
is connected to the suction side of P,. As a result of reduced 
pressure, the ” liquid methyl” chloride - see and the 
temperature in B reaches -90°C. 

The inner tube of B is filled with ethylene gas which is cooled 
to ~90°C. As the critical temperature of ethylene is 10°C, it gets 
liquefied and passes through valve V; into the outer jacket of C. 
Ethylene liquid is allowed to evaporate under reduced pressure 
with the help of pump P, resulting in a sharp fall in the 


(c)° Cooling: oy ‘adiabatic: pansion involving mechanical 
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temperature of oxygen (118°C) which is filled i in the inner tube 
of C. Oxygen gets liquefied during the compression Stroke of 
pumps / and is collected.in the Dewar flask D. . 


(b) Cooling by Joulé-Thomson: Effect 
'  Linde’s process for liquefaction of air) 


| Wheri’a ‘compressed gas is allowed to’ “expand into a low 
pressure or vacuum under adiabatic conditions, a“lowering of 
temperature is observed. This is known as Joule- Thomson effect. 
Tn the’ expanision, molecules of the gas move far’ apart from | one 
another. Work” is done’ by’ the gas molecules to ‘overcome 
intermolecular ‘forces. Work is done at the cost of the kinetic 
energy of gas ‘molecules. Consequently’ a cooling ' effect is 
observed. For each gas, there is a characteristic temperature 
above which a gas. on expansion - shows a heating effect while 
below it the gas.cogls on’ expansion. This temperature is known . 
as inversion temperature. of the gas. This temperature is related 
to van der Waals’ constant, aand b by the expression: 

gated 
ORD 

where, T, is the inversion temperature of the: gas. 

Gases like H 3 and He have low inversion temperatures (7; Hy 

= 193 K and T,,, =33 K) and they: show heating effects in 
Joule-Thomson expansion ‘under. ordinary, temperature. If these 
gases are cooled below their inversion iererenres, they also 
show cooling effects. 


Cooling jacket. 


_Compressor 5 


“N= Nozzle. - oe 


Fig. 4. 1 (b) Linde’s s proeess for "liquefaction of air 


cue sitisinsah effect is the basis for- liquefaction of air by 
Linde’s process. The apparatus is shown in Fig. 4.11 (b). 

Pure and dry air is compressed to.a pressure of about 200 atm. 
Any ,heat produced during the compression.is removed by 
passing the gas through a cooling jacket. Compressed air is 
allowed to expand ‘suddenly through a nozzle (N’) to a large 


* chamber, where it gets cooled and the pressure reduced to about 1 


atmosphere. The cooled air is made to pass through the outer tube 
and is sent back to the comipressor. The incoming air further cools 
on expansion. The process is continued until air liquefies and is 
collected at the bottom. = 
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(c) Cooling by Adiabatic Expansion Involving 
Mechanical Work 


When a gas - is allowed to expand adiabatically against a 
pressure, it does some external work at the cost of its kinetic 
energy, due to which its temperature falls. This principle is used 
in Claude’s process for liquefaction of air. The: apparatus is 
shown in Fig. 4.11 (c). 

Pure -and dry air is compressed to about 200 atmospheric 
pressure and then passed through the tube 7. Compressed air 
divides itself into two parts at ‘4’ and a portion enters through ‘C’ 
fitted with an airtight piston. There, it expands, pushing the 
piston outward and performs some external work. 


Commrccaite 


Fig. 4.11 (c) Claude’s apparatus for liquefaction of air 


The temperature of the gas thus falls. Cooled air then enters 
the chamber at B and cools the incoming air. The-temperature of 
air is also reduced on expansion due to Joule-Thomson effect. 
The process continues until the air liquefies. 


Tendency of Liquefaction of a Gas 


Easily liquefiable gases have greater intermolecular force 
which is represented by high value of ‘a’. Thus, greater will be 
the value of ‘a’ more will be its liquefiability. 

Easily liquefiable gases are: 

$0 > NH, > H2,0 > CO>, etc. 


— 
Decreasing value of constant ‘a’ 
(Decreasing tendency of gece 


Above gases have higher value of ‘a 
_ permanent gases O., N,.,H,, He, Ne, etc. 


" Incompressibility of a Gas 


’yvan der Waals’ constant ‘b’ represents the excluded volume, 


. Le., four times the volume occupied by the gas per mole. Value of . 


‘b’ remains constant over a wide range of temperature and 
pressure which implies that gas molecules are incompressible. © 
_ Compressibility factor: Mathematically, it may be defined as, 


> as compared to the - 


The extent to which a real gas departs from ideal behaviour is ° 


expressed in terms of compressibility factor. 


.) PV, 
~ Molar volume of ideal gas (V,,, ) RT 
When Z> 1,V,, > 22.4L at STP and when Z<1 V, eee 


2° IR 


_ Molar volume of real gas (V, 


at STP. 


_ i) Z = 1 for ideal gas. Deviation from the unity indicates extent 
of imperfection or non-ideality. 

(ii) Real’ gases have Z=1 at low pressure and high 
temperature. In this case, the real gas behaves like ideal gas. 

(iii) Z>1 shows that it is difficult to compress the gas as 
compared to ideal gas. It is possible at high Pressure: In this case, 
repulsive forces dominate. . 

(iv) Z<1 shows that the gas is easily compressible as 
compared,to ideal gas. It is possible at intermediate pressure. In 
this case, attractive forces are dominant. 


Plots of Compressibility Factor against Pressure . 


Figure 4,12(b) indicates that an increase in temperature shows 
decrease in deviation, ideal behaviour, i.e. 2 approaches. unity — 
with increase in temperature. . 


Z=1 Ideal gas 


(i) At very low pressure, PV = RT, ie, Z=1 
(i) At low pressure, PV <-RT, ie., Z< 1 
(iii) At high pressure, PV > RT, ie.;Z>1- 


P—-" 


Fig. 4.12(a) Variation of compressibility factor against 


; Ty > Te >T3 >T4 


P—.- 


Fig. 4.12(b) Variation of compressibility factor against 
preseure at different temperature 


Note: (i) In case of H,, Z> Lat 273 K and Z increases with the pressure. 
When temperature is less than 273 K, H, has Z < 1. 

(i) For gases « other than hydrogen; at 273 K there is decrease in 

-°Z at initial stage, with increase in pressure, value of = , 

approaches a minimum, with increase in pressure. : 
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(iii) In case of easily liquefiable gas like CO,, Z dips largely 
below ideal line in low pressure region, see Fig. 4.12 (a). 
Specific Heat of Gases 


Amount of heat required to raise the temperature of 1 g of a 
substance through \°C is called its specific heat. It can be 
‘measured at constant pressure and at constant volume. 

Molar specific heat, i. ¢., heat required to raise 1 gram mole of 
a substance through 1°C is called heat capacity. 
Heat Capacity at Constant Volume 


It is denoted by C,,. It may the heat supplied to one erie of a 
substance to increase the temperature through 1°C at constant 
volume. 


We know from kinetic theory that, 


PY= Deine or Syne = 3 Rr 
3 2 2- 


Thus, kinetic energy E = = RT 
When temperature is raised through i then the increase in 
kinetic energy may be given as: 


Increase in kinetic energy = 5 3 RET +)- B 3 Rr = ; 3p 


Tao : : 
Now, Cy = 5 R since at constant volume, heat supplied to raise 


the temperature is used up to increase the kinetic energy only. 


. : : : 
Cy = r R__ [for monoatomic gases only, since monoatomic 


gases undergo translational motion only] 
3 ; : PaEN: 
Cy = a R+x [for di and polyatomic molecules; vibrational 
and rotational motions also contribute to 
the total kinetic energy] 
where factor ‘x’ varies from gas to gas and its vale is zero for 
monoatomic gases. 


Heat Capacity at Constant Pressure 


It is denoted by Cp; it may be defined as heat supplied to 1 
mole of a substance in order to increase the temperature through 
1°C at constant pressure. 


Heat supplied at constant pressure will be used in: 


(i) Increasing kinetic energy, which is equal to Soe For 


monoatomic gas increase in kinetic energy is equal to 5 R when 


temperature is raised through 1°C. - 
(ii) Doing work due to volume expansion. 


We know that, PY = RT for | mole of gas GQ) 
When temperature changes to (T + 1), then 
PV +AV)=R(T +) .. Gi) 


Subtracting eq. (4) from eq. (ii), we have 
- PAV = R = Work done due to volume expansion 


_ Thus, Cp = 5 R+R= sk for monoatomic gases 


Cp=C,+R orCp-C, =R (general equation) 


Ratio of Molar Heat Capacity 
It is denoted as y.and it represents atomicity of the gas. 


Sp 
For monoatomic C Bas, (y¥ ) =P = 2 =166 
ae, 
: =R, 
7 
TR 
For diatomic gas, (y) =2 =1.40 
an SR 
2 
For t triator.lic gas, (y) = —— = an = 1.33 
C, y 3R 
Nakane = =C£p Cfy Chr CiC Sees 1 Atdsamtigity 
He 5 3.01 199 1.661 1 
N, 6.95 4.96 1.99 1.4 2 
0, 6.82 4.83 1.99 14. 2 
co, 8.75 6.7.1 2.04 1.30 3 
H,S 862 6.53 2.09° 1.32. 3 


Example 46. Specific heat of a monoatomic gas at 
constant volume is 315.J kg! K 7! and at a constant pressure is 


525J kg7' K ~!. Calculate the molar mass of the gas. 
Cp=Mx525 and -Cy=Mx315 
where, M is the molecular mass. 
Cp -Cy =R (R= 8.3143 K"' mol”) 
M x 525—-M x 315= 8.314 
M (525 — 315) = 8.314 
8.314 


M= 2 Ge = 0.0396 kg mol = 39.6 g mol 


Solution: 


Example 47. Calculate the pressure exerted by 16 g of 
methane in a 250 mL container at 300 K using van der Waals’ 
equation. What pressure will be predicted by ideal gas equation? 

a=2.253 atm? mol, b=0.0428L mol , 


R=0.0821LatmK~' mol ™ 


Solution: Given, 16 g CH, = . = 1 mole 


' Applying van der Waals’ equation, 


2 
[p + “| (V —nb)=nRT 
vy? 
\ 
nRT na 


“W-nb) v2 


Substituting x = 1, 
R=0.0821L amK™! mol; T=300K; ¥ =0.250L; 
a= 2.253atmL” mol~; 


b = 0.0428 L mol”! 
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1x 0.0821 300 - 


_ 12.253 | 
~ (0.250 = 1%:0.0428).- 


= 828 822 atm eee 
(0.250) 


The-ideal gas equation, predicts that, 
pe _ ART 1x 0.0821 300 
V 0.250 


= = 98.52 atm 


Example 48. Calculate the temperature of the gas if it 


eas van der Waals’ "equation from the pollens data. A — of 
“aim. Given 
a= 546 atm litre? mol > and b= 0.031 litre:mol “. - 


Solution: Given that, 


P= 50atm; V = 2.5 litre, sides - $46 atm litre” mol; 


bs 0.03 Litre mol” bb 5R= 0.082} litre- atm;K "| molz), 
Applying van der Waals? equation, 
nz 


- og : 
a (VV —nb) 
Vv 
or 
nR 
— eae 10x 0.031) 
a = 366.4 K.- 
e “100.0821 


Fills a re rece sre eer 


23. “At bigh- ‘temperature and low pressure, the van dee Waals’ 
equation is reduced tor. “ a 


(a) (F + nye V=RT>- (b) PV = RT 
(PE - b)= RT es 7 ~)= RT 
eet rn een ae ae 
_.. [Hint:. At high temperate and: low. pressure, y: is. large: in 
comparison’ to’ B. and:|‘—~ 7a) 8 is negligible: in comparison to P. 
Hence, the equation reduces to PV =RT 4) 


24. The constant: ‘a’in'van der Waals’: equatiori is maximum in: 


(a) He -(b) H, 

(c) O, - @) ace ° 

[Ans. (d)] 

[Hint: Intermolecular force of NH, i is maximum, hence its van 


der Waals’ constant @ will also be maximum. ] 


25. The van der Waals’ equation for 0.5 mol gas is: 
f 

(P+ ler 2) “QRT | 

Lay? 2 2 


(vy (+,)er- b)= RT 


— 


a 
Vv? 


{c)| P+ 


Jer -4b)= RT 
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= a 
Bo dul. 9 Pat “Rr : 
ay pete ls ; 
: r( : oa); OV =b} 
[Ans (@ 
. ine GG “0 Vv = n= RT tn See 


26. 


27. 


285 zs 


te ay P 
Se ey Xe 


(Hint: 


Woe ee 


and ‘b’. 


Pe ee 20 


wench (roses) bee 


4y? 2) 2 


[p+ or b)= RT| 


‘van der Waals’ constants of two gases Y and Y are as given: 


a (litre-atm mol™) 6 (litre mol” a 
Gas X SSG Fe PR O65 + 
GasY =. 2. 2.5.1. 0.012 


_ What is correct about the two gases?” 


(a) T.(X)>T AY). (b) (X= T.(Y) 


EE eT) 


[Ans. (¢)]-.° 
flint: - Gas x. Gas y. 
Ve=3b 3x 0.065 = 0.195 3x 0.012 = 0.036) 


Select the sonnet statements about van der Waals’ constant - 

fe . 7 . 
* It is excluded vohime a 

ei Its unit.is mol litre™!. -- ae 

3. it depends on intermolecular force , 


“4, Its value depends on molecular size 


-(aj2,3 - 

[Ans. (o)] 
Gases X,Y, Z; P-and@ have the-van ‘der Waals’ constants “a 
in CGS units).as shown below: 


- )1,2,.4-..0234 @ 3 4 


[6 | 0025 [ois Tor [oo {| 

The gas with the highest critical temperature is: 

ais (Kerala) 2006] 
sae a ae 


©) Q°- © ¥- 
[Ans. On oe 
8a. 
|. .27Rb 
+. Greater i is the value of (a / b more is the critical teinnetanite 


* Ctitical nnerire T, = 


7 ‘of gas:, 


For gas.X, 7: will he maximum. 
8a 


T= goreaeae 
. LOURD: Soaks $56 Si aout eo 
Stor X = Je 240; for all “othe gases sj) is lesser a 


b 0. 025. 
At high pressure, van der Waals’ equation beemaeae . 
(DPMT 2006) 


(@) PV=RT. PFS ape 


(c) eee arc Pi = RE + Pb 


-[Ans.** (@)] 


Hint: [> +a ) (V ~nb)=nRT. 
f + 4 (V - b)=RT for 1 mol gas © 


At high pressure, [P + 5) =P 
4 


Pw -s)=ar' 
PY =RT + Pb] 


: us SOME SOLVED EXAMPLES Los oe 


.“ Bxaniple 49, Calcite the’ total: pressure ina 10 litre 

spline which contains 0.4 g of helium, 1.6 g of oxygen-and 14g 

_ of nitrogen at 27°C. Also calculate the partial pressure raf helium 
gas in the cylinder. Assume ideal behaviour of gases. 

Given that, R = 0.082 litre—atm K - : 

Solution: 


= 
mol. (IIT 1997) 


ie = rie 0.4 to, re Bogue 2:4 
ny, = 1.4/28=0.05 
Pye XV = ye XRXT 
Pup x 10 = 0 x 0.0821 x 300 
Poe = 0.2463 atm 
PXV = (typ + Moy +My, RT 
Px 10= (0.14 0.05 + 0.05) x 0.0821 x 300 
P = 0.4926 atm 


Example 50. An eiceuaied glass vessel weighs 50.0.g 
when COP, 148.0 g when filled with a liquid of density 0. 98 
gi mL” and 50.5 g when fil lled with an ideal gas at 760mm Hg at 


300K. Determine the molecular weight of t the gas. (UT 1998) 
Solution: | Mass of liquid = =148 — 50= 98 g 
mass _- 98 
‘density °0.98~ 
Volume of vessel = Volume of liquid _ 
Mass of gas = 50.5~ 50=0.58 | 
On applying ideal gas equation, we have, 


- Volume of liquid = = 100 mL 


| VSS RE 
a 2003 9 og 30 
760 1000 m 
m=123 


Example $1. A ver tical hollow cylinder of height 1.52 m is 
jitted with a movable piston of negligible mass and thickness. The 
lower half of the cylinder contains an ideal gas and the upper 
halfis filled with mercury. The cylinder is initially at 300K. When - 
the temperature is raised half of the mercury comes out of the 
cylinder. Find the temperature assuming the thermal expansion 
of mercury to be negligible. 
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Solution: 


(76 + 38) cin 


(initial state) "2°. (After heating) 


At initial stage: Me, 
Pressure of gas = Pressure of He + Preiuik of. 
atmospheric air 
tg =16416= IS2em .. heet, 
7 =300K. 
V=F I2 where, Vy. is volume. of Egylinder, 
At final stage after heating: 


"Pressure of g gas = = Pressure of Hg + Pressure of 

. _ atmospheric air . 
2384 76 = Aven 
3M 


> 


T=? Seek 


Aopivne: gas equation, we, have™ Pee 
2 114« GV,/4) | 


152xV, 

2 x 300 - Poe bs 
~ 114x3x2% 300 
"A152 
(=3375K 


Example 52. 4 thin tube of uniform cross-section is sealed - 
at both ends. It lies horizontally, the middle 5 cm containing Hg 
and the two equal ends containing air at the same pressure Py. 
When the tube is held at an angle 60° with the vertical, the 
lengths of the air column above and below the mercury are 46 
and 44.5 cm respectively. Calculate pressure Py in cm of. ve G The 
temperature of the system is kept at 30°C), 


i - Solution: At orizontal positon let the Jength of air column 
in tube be Lem. 


240 


2b +5= 46454 445m 
~ L=45.25em 


"When the tube is held at 60° with the vertical, the mercury 
column will slip down. 


"Py + 5cos 60° = P 


Pg = Ps =5=25 om Hg (i) 
From'end X, Py x 45.25= Py x 44.5 
45.25 2s 
= P we GD - 
dered 
Fromend Y, Py x 45.25= Py, x 46 
45.25 os 
Py = P ve (iti 
Lo ap eo (iii) 
Bubsnmane the values of Py and P, in equation (i) we get 
Py = 754 


Example 53. 4 10cm column of air is trapped by a column 


of Hg, 8cm long, in a capillary tube horizontally fixed as shown 
below, at latm pressure. Calculate the length of air column when 
- the tube is fixed at the same temperature (a) vertically with open 
end up (b) vertically with open end down (c) at 45° with the 
horizontal with open end up. 


« 16cm | 


Solution: 


(a) AY, 


= PLY; 
where, a = area of cross section of tube 
/, 1 = length of air column 
P, = 76+ 8= 84 cm 


_ Pil 76x10 
P, 84 
= 9.04 cm 
Pla=Pylha 
(b) Py =76-8=68cem - 
ane Ue | 
“iP, 68 


_ (c) When the tube is held at 45° with open end up, the weight 

of Hg is borne partially by the gas and partially by the Hg. 
Vertical height of Hg is a measure of additional pressure on gas, 
ie., 
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- dissociation of Cl, equilibrium. 


* 


Also P,l,a=Pila 
P, 


= 6x) 9.3 em 


lL, = 


! 76 + = 


| ae | | 
‘Example 54. The stop cock connecting two bulbs of 
volume 5 litre and 10 litre containing an ideal gas at 9. atm and 6 


_atm respectively, is opened. What is the final pressure in the two 
bulbs if the temperature remains the same? 


PV, + Pov, = Pp, +¥2) 
9x 5+ 6x 10=Pp (15) 
P, = 7atm 


_ Solution: 


_ where, Pp = resultant pressure after mixing. 


Example 55. At what temperature is the average velocity 
of O, molecule equal to the root mean square velocity at 27°C? 


TBSRSEMPGS)S) 
Solution: Vay =Vrms 
8RT __ [3RT 
aM VM: 
8RT _ 3Rx 300 
™ 8M 
_ 1 =353.57K 
t= 80.57°C 


_. Example 56. The composition of the equilibrium mixture 
for the equilibrium Cl, —=2Cl at 1400 K may be determined 
by the rate of diffusion of mixture through a pin hole. It is found 
that at 1400 K, the mixture diffuses 1.16 times as fast as krypton 
diffuses under the same conditions. Find the degree of 

#HBISPS) 

Solution: Equilibriurh of dissociation of Cl, may. be. 

represented as: ; : 4° 

. 1,() == 2C1(g) 

1=0 0 


teq all fe) 2a 


Total moles’ = a(1-0)+ 2a0. = a(1+a) 


_ Ma, ” Ma, 
m a(l+a) (1+a@) 
R nix be My: 
Ry, M wnix 
Lie B+) 
Maq,. 


(1.16)? x 71 


-l=a; a = 0.1374 
84 
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me Example 57. A gaseous mixture of helium and oxygen is 
found to have a density of 0.518 g dm™ at 25°C and 720 torr. 
What is the per cent by mass of helium in this mixture? 

We know that, Pm = dRT 


TED eis 0.518 x 0.0821 x 298 
760 


Solution: 


m = 13.37 ial 
Let mole fraction of He in mixture be a. 
Xe =A, Xg, =(1- a) 
Average mw =a. X My, + (1-0 )Mo, 
13.37=a x4+(1-—@)32 


6: = 0.666 
oh by wine oF He=0.666R — 0 
7 0.666x 4 + 0.334 32 
= 19.95% 


©" Example 58, Find the temperature at which 3 moles of 
SO, will occupy a volume of 10 litre at a pressure of 15 atm. 


a= 6.7latm litre’ mol; b = 0.0564 litre mol ~ 


; 2 
Solution; [P + an | (V ~nb)=nRT 
) 


[15+ a } (10 3x 0.0564) = 3% 0.082x 7 


T=624K 
Example : 59. van der Waals’ constant ‘b’ of Ar Is 
3.22x 107° m3 mol ~!. Calculate the molecular diameter of Ar. 
Solution: We know that, 


_ b=4x volume occupied by the molecules 


in one mole of a gas 
=4xN, «($m ] 
22 


3.22x 10° = 4x 6.02% 107 xox Sx 


4a 1/3 
_({_3.22x10% x3xK7_ 
4x 6.02x 107? x 4 x 22 
= 0.1472 10? m 
Diameter = 2r = 2x 0.1472 x 10° 

= 0.2944 x 10? m 
Example 60. The compression factor (compressibility 
factor) for 1 mole of a van der Waals’ gas at 0°C and 100 


atmospheric pressure is found to be 0.5. Assuming that the volume 
of a gas molecule is negligible, calculate the van der Waals’ 


constant ‘a’. — ; (IIT 2001) 
Solution: We know that, 
| _PY 
RT 


"atm pressure and 500 K is 036 kg m™ 


_  100xV 
0.0821 x 273 
V = 0.112 litre 
According to van der Waals’ equation, 
[P+5 (V —b)=RT for 1 mole — 


100 + —* — }[0.112- 0] = 0.0821 x 273 
(0.112)? 


On solving, we get a= 1.253 L? mol atm 


“seExample 61. The density of the vapours of a substance at \ 
3 The vapours effuse 
through a small hole at a rate of 133 times faster than oxygen 
under the same conditions: 

(a) Determine: (i) molecular weight, (ii) molar volume, 
(iii) compressibility factor (Z) of the vapours, (iv) Which forces 
among gas molecules are dominating. the attractive or the 
repulsive? 

(b) If the vapours behave ideally at 1000 K, determine. the 
average translational kinetic energy of a molecule. 


Solution: (a) (i) Y= | 
ae K O02 M vapour 
1.33 = 32 
vapour 
M vesour = 18.1 
(ii) Molar volume = Molermias os 


Density 


= = 18.1 50.25% 107 m 
0.36 


PV _ 101325x 50.2510 
RT 8.314 x 500 
£1,225 


(iv) Z> lshows that repulsive forces are dominant. 


(111) Compressibility factor, Z = 


(b) Translational KE per molecule 
ee Ker 
2 WN 
3, 8314 
2 6.023x 107 
=2.07x 10° J 


‘Example 62. The ratio of rate of diffusion of helium and 


1000 


methane under identical conditions of pressure and temperature — 


will be: 


[LIT (S) 2065] 
(a4 (8) (c)1 


Solution: 


(IT 2002) — 
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wits, 
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SECTION 2 : LIQUID STATE 


4.11 THE LIQUID STATE 


Liquid state is intermediate between gaseous and solid states. The 
liquids possess fluidity like gases but incompressibility like 
solids. 

The behaviour of liquids explained above gives some 
characteristic properties to the liquids such as definite volume but 
no definite shape, incompressibility, diffusion, fluidity 
(or viscosity), Syaporstion. (or vapour pressure), surface tension, 
» ete. 

Properties of liquids can be explained on the basis of kinetic 
molecular theory which has the following postulates: 


(i) A liquid is made up of molecules; atoms in rare cases, 


e.g., Hg (mercury). 
' (ii) The molecules of the liquid are quite close together. 
(iii) The intermolecular forces of attraction in a liquid are 
quite large. 
(iv)" The molecules of liquids are in a state of constant rapid 
motion. 
(v) The average kinetic energy of the molecules of a liquid is 
directly proportional to their absolute temperature. _ 
A liquid state is regarded as a condensed gas or a molten solid. 
Liquid state, however, has much more in common with solid state 
than with gaseous state. The following general characteristics are 
exhibited by liquids: 


(i) Shape 

Liquids have no shape of their own but assume the shape of 
the container in which they are kept. No doubt, liquids are mobile 
but they do not expand like gases as to fill up all the space offered 
to them but remain confined to the lower part of the container. 


(ii) Volume’ 


Liquids have definite volume as the molecules of a liquid are 
closely packed and the cohesive forces are strong. The molecules 
are not quite free to occupy any space. 


‘(iii) Density 


As the molecules in liquids are closely packed, the densities of 


liquids are much higher than in gaseous state. For example, 
density of water at 100°C and 1 atmospheric pressure is 0.958 g 
mL”! while that of water vapour under similar conditions as 


Z \ 
calculated from ideal gas law c = oe lis 0.000588 g ni”! 
tgs / 


(iv) Compressibility 
‘The molecules in a liquid are held in such close contact by 
their mutual attractive forces (cohesive forces) that the volume of 


any liquid decreases very little with increased pressure. Thus, 
liquids are relatively incompressible compared to gases. 


(v) Diffusion “ 


When two miscible liquids are put together, there | is sis 
mixing as the molecules of one liquid move into the other liquid. 
As the space available for movement of molecules in liquids is 


much less and their velocities are small, liquids diffuse slowly in 
comparison to gases. - 


(vi) Evaporation 

The process of change of liquid into vapour state on standing 
is termed evaporation. Evaporation may be explained in terms of 
motion of molecules. At any given temperature, all the molecules 
do not possess the same kinetic energy (average kinetic energy is, 
however, same). Some molecules move slowly, some at 
intermediate rates and some move very fast. A rapidly moving 
molecule near the. surface of the liquid may possess sufficient 
kinetic energy to overcome the attraction of its neighbours and 
escape. Evaporation is accompanied by cooling as average 
kinetic energy of remaining molecules decreases. 

Evaporation depends on the following factors: 

(a) Nature of the liquid: The evaporation depends on the 
strength of intermolecular forces (cohesive forces). The liquids 
having low intermolecular forces evaporate faster in comparison 
to the liquids having high intermolecular forces. For example, 
ether evaporates more quickly than alcohol, and alcohol 
evaporates more quickly than water, as the intermolecular forces 
in these liquids are in the order: 

Ether < Alcohol < Water 
Alcohol < Glycol < Glycerol 


' Increasing extent of hydrogen bonding 


(b) Surface area: Evaporation is a surface phenomenon. 
Larger the surface area, greater is the opportunity of the 
molecules to escape. Thus, rate of evaporation. increases with 
increase of surface area, 


Rate of.evaporation Surface area 


(c) Temperature: Rate of evaporation increases with the 
increase of temperature as the kinetic one of the molecules 
increases with the rise of temperature. 


Rate of evaporation « Temperature 


(d) Flow of air current over the surface: Flow of air helps 
the molecules to go away from the surface of liquid and, 
therefore, increases the evaporation. 


(vii) Heat of vaporisation 


. The quantity of heat required to evaporate a unit mass of a 
given liquid at constant temperature is known as heat of 
vaporisation or heat of evaporation. The heat of vaporisation 
depends on the strength of the intermolecular forces within the 
liquid. The value of heat of vaporisation generally decreases with 
increase in temperature. It becomes zero at the critical 
temperature. When the vapour is condensed into a liquid, heat is 
evolved. This is called heat of condensation. It is numerically 
equal to the heat of vaporisation at the same temperature. 


(viii) Vapour pressure 


When the space above the liquid is closed, the molecules 
cannot escape into open but strike the walls of the container, 
rebound and may strike the surface of the liquid, where they are 
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Molecules 


Fig. 4.13 (a) Evaporation in a closed vessel 


trapped. The return of the molecules from the vapour state to the 
liquid state is known as condensation. As evaporation proceeds, 
the number of molecules in the vapour state increases and, in 
turn, the rate of condensation increases. 

The rate of condensation soon becomes equal to the rate of the 
evaporation, i¢, the vapour in the closed container is in 
equilibrium with the liquid. 

Evaporation, 


Liquid ~+—— Vapour 
Condensation 


Rate of evaporation 


Rate 


Rate of condensation 


Time — 


Fig: 4.13 (b) 


At equilibrium, the concentration of molecules in the vapour 
phase remains unchanged. The pressure exerted by the vapour in 
equilibrium with liquid, at a given temperature, is called the 
vapour pressure. Mathematically, it is given by the gas equation: 


PS RTSCRT 
V 


where, C is the concentration of vapour, in mol/litre. 
In closed vessel, 

Rate of evaporation = ¢~ E/RT (Boltzmann factor) 

Thus, rate of evaporation remains constant at constant 
temperature. 

Since, the rate of evaporation increases and rate of 
condensation decreases with increasing temperature, vapour 
pressure of liquids always increases as temperature increases. At 
any given temperature, the vapour pressures of different liquids 
are different because their cohesive forces are different. Easily 
vaporised liquids are called volatile liquids and they have 
relatively high vapour pressures. Vapour pressure values (in mm 

Do 


of Hg) for water, alcohol and ether at different tefaperatures are 
given in the following table: 


ae 


Substance 


Ethyl alcohol | 
Diethyl ether 


It is observed that non-polar or less polar liquids such as 
diethyl ether and ethyl alcohol possess fairly high vapour 
pressures on account of weak intermolecular forces (cohesive 
forces) whereas polar molecules such as water which have 
stronger intermolecular forces possess relatively lower vapour 
pressures. 

The simplest method for measuring vapour pressure is the 
barometric method. It consists of two barometer tubes as shown 
in Fig. 4.14. A small quantity. of the liquid is introduced into one 
of the tubes, It changes into vapour and rises into vacuum above 


Vapour 


Vapour 
pressure 


«— Hot water 


Fig. 414 The barometric method for measurement of 
vapour pressure 


the mercury. Some more of the liquid is introduced and the 


process is continued till a small amount of the liquid is visible on 
the surface of mercury. The difference in the levels of mercury in 


the two tubes is noted and this measures the vapour pressure of 
the liquid at atmospheric temperature. The measurement can also 
be made at any desired temperature by surrounding the tubes with 
a jacket maintained at that temperature. 

The vapour pressure of a given liquid at two different 
temperatures can be compared with the help of 
Clausius-Clapeyron equation. 


P, AH {1 1 
log? ee 
-" P 2303R\T, Ty 


where, AH is the latent heat of vaporisation and R is the molar gas 
constant. 


The actual form of Clausius-Clapeyron equation is: 


vap 


lo P= aA ap 
B10 2303RT 


“Note : Vapour and gas: A gas can be liquefied only below critical temperature, by applying pressure. There is no characteristic critical temperature for 


vapours. 
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When MH yay 
A graph nae log ig p and “ will be a straight line with 


= Latent heat of vaporisation and ‘4’ is constant. 


negative slope. 


Slope of the line 
_ -AHyap 
~ 2.303R 


logipP i 


vwTt-— 


Fig. 4.15 Variation of vapour pressure with temperature 


(ix) Boiling point 
The temperature at which the vapour pressure of the liquid 


-becomes equal to the atmospheric pressure is called the boiling 


point of the-liquid. When a liquid is heated under a given applied 
pressure, bubbles of vapour begin to form below the surface of 
the liquid. They rise to the surface and burst releasing the vapour 
into the air. This process is called boiling, The normal boiling 
point is the temperature at which the vapour pressure of a liquid 
is equal to exactly one standard atmospheric pressure (760 mm of 
Hg). Fig. 4.16 shows that normal boiling points of diethyl ether, 
ethyl alcohol and water are 34.6°C, 78.5°C and 100°C 
respectively, 


The temperature of the boiling liquid remains constant until all 


the liquid has been vaporised. Heat must be added to the boiling 
liquid to maintain the temperature because in the boiling process, 
the high energy molecules are lost by the liquid. The higher rate 
at which heat is added to the boiling liquid, the faster it boils. 
The boiling point of a liquid changes with the change in 
external pressure. A liquid may boil at temperature higher than 
normal under external pressure greater than one atmosphere; 
conversely, the boiling point of a liquid may be lowered than 
normal below one atmosphere. Thus, at high altitudes where the 


‘atmospheric pressure is less than 760 mm, water boils at 


temperature below its normal boiling point of 100°C. Food cooks 
more slowly at higher altitudes because the temperature of 
boiling water is lower than it would be nearer the sea level. The 
temperature of boiling water in a pressure cooker is higher than 


the normal, thus making it possible to cook foods faster than in 


open vessels. ; 

If a liquid decomposes when heated, it ean be made to boil at 
lower temperature by reducing the pressure. This is the principle 
of vacuum distillation. Unwanted water is removed from many 
food products by boiling it away under reduced pressure. 

Boiling and evaporation are similar processes (conversion of 
liquid into vapour) but differ in the following respects: 

(a) Evaporation takes place spontaneously at all temperatures 
but boiling occurs only at a particular temperature at which the 
vapour pressure is equal to the atmospheric pressure. 

(b) Evaporation is a surface phenomenon. It occurs orily at 
the surface of the liquid whereas boiling involves formation of 


' bubbles below ie surface of the liquid. 
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Fig. 4.16 peur pressure curves for emmy! ether, ethy 
alcohol and water 


(c) In vaporisation, the vapour molécules diffuse er the 


_ liquid into the atmosphere but in boiling, molecules escape with 


sufficient pressure into the space over the surface of liquid, 
(x) Freezing point + _ . 


When a liquid is cooled, the kinetic energy of the molecules 
goes on decreasing. A stage comes when the intermolecular 
forces become stronger and the translational motion is reduced to 
minimum. At this stage, the formation of solid begins and the 
liquid is seen to freeze out. The point (temperature) at which the 
vapour pressure of solid and liquid forms of a substance become 
equal is termed as freezing point. 

Normal freezing point of a liquid is the temperature at which 
its liquid and solid forms are in equilibrium with each other under 


- a pressure of one atrnosphere. Thé freezing point of a liquid is the 


same as the melting point of its solid form. At the freezing point 
the temperature of the solid-liquid system remains constant until 
all the liquid is frozen. The amountof heat that must be removed 
to freeze a unit mass of the liquidsat the freezing point is called 
the heat of fusion. 

The freezing point of a liquid is affected by the change of 
external pressure. With increased external pressure, the freezing . 
point of some liquids rises while of others falls. 


(xi) Surface tension 


it is the property of liquids caused by. the intermolecular 
attractive forces. A molecule within the bulk of the liquid is 
attracted equally in all the directions by the neighbouring 
molecules. The resultant force on any one molecule in the centre 
of the liquid is, therefore, zero. However, the molecules on the 
surface of the liquid are attracted only inward and sideways. This 
unbalanced molecular attraction pulls some of the molecules into 
the bulk of the liquid, i. ¢., are pulled inward and the surface area 
is minimized. Surface tension is a measure of this inward force 
on the surface of the liquid. It acts downwards perpendicular 
to the plane of the surface. The unit of surface tension is dyne 
cm”! or Newton metre~! (N m7). Itis a scalar quantity. Surface 
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tension is, thus, defined as the force acting on unit length of a 
line imagined to be drawn tangentially anywhere on the free 
surface of a liquid at rest. It acts at right angles on both sides 
of the line and along the tangent to the liquid surface. Surface 
tension depends on the area, not on the length, like elastic 
properties. . 

As the intermolecular forces of attraction decrease with the 
rise of temperature, the surface tension of a liquid, thus, 
decreases with increase in temperature. Similarly, addition of 
chemicals to a liquid reduces its surface tension. For example, 
addition of chemicals like soaps, detergents, alcohol, camphor, 
etc., lowers the surface tension of water. 


Fig. 4A7 (a) Molecules at the surface are under unequal tension 


Many common phenomena can be explained with the help of 
- susface tension. Some are described here: 

(a) Small droplets are spherical in shape: The surface 
tension acting on the surface of the liquid tries to minimise the 
surface area of a-given mass of.a liquid. It is known that for a 
given volume, a sphere has the minimum surface area. On 
account of this, drops of liquids acquire a spherical shape. 

(b) Insects can walk on the surface of. water: .Many 
insects can walk on the surface of water without drowning. This 
is due to the existence of surface tension. The surface tension 
makes the water surface to behave like an elastic membrane and 
prevents the insects from drowning. 

({c) Cleaning action of soap and detergents: Soap and deter- 
gent solutions due to their ‘lower surface tensions penetrate into 
the fibre and surround the greasy substances and wash them away. 

(d) Capillary action:: The tendency of a liquid to rise into 
narrow pores and tiny openings is called capillary action. The 
liquids rise in the capillary tubes due to the surface tension. The 
force of adhesion between the molecules of water and the 
molecules of glass of the capillary tube is greater than the force of 
cohesion between water molecules. Due to this, surface of water 
in a glass capillary tube curves upwards in convex shape and then 
the force of surface tension of water pulls the water up into the 
tube. The water rises into a capillary tube to such a height that the 


weight of resulting water column is just balanced by the force of 


surface tension. ; 
The rise of oil in a lamp wick and flow of water from the roots 
of a tree to upper parts are also the examples of capillary action. 


* In general, the liquids which wet the material show capillary rise. 


Those liquids which do not wet the material of a capillary always 
show depression, e.g., glycerine, honey, mercury, etc. 

When a liquid rises in a colurmn, its upper surface becomes 
concave and when the liquid goes down in a capillary, its upper 
surface becomes convex. 


(ii) 
Fig. 4.17 o “Etfedt of Shape and radius on capillary tise 


(i) Height of aia in n the column of capillary is “independent 
of shape of capillary if its radius is same. 


(ii) Thinner is the capillary, greater is the height of liquid in the 
column. 


(e) Surface energy: The work in erg required to be done to 
increase or extend surface area by 1 sq. cm is called surface 
energy. The units of surface energy are, therefore, erg per sq. cm 
(or joule per sq. metre, i.¢., J m7? in SI system). Surface tension 
of liquid is numerically equal to the surface serey: 

Surface energy, 

y = Work done to increase the surface area by one unit 
Work 


Change in area 


__ force x displacement in the direction of force 


area 
_ Force 
Length * 
The unit of surface tension is therefore ayn cm ¥ (farce per 


unit length). Sata 

Measurement of iuitice tension: The. surface tension of a 
liquid is measured by the ‘drop count method using a 
stalagmometer. 

Let y, and d, be the surface tension and density of water and 


2 and d, be surface tension and density of the liquid whose 


surface tension is to be determined..Using a stalagmometer the 
number of drops.formed by the same volume of water and liquid 
is eerie, 

Nise “mda ds 

Y2 Md; ; 
Using the above relation, the surface tension of the. liquid, Y2,can 
be calcaiaied: 


- Note: At the critical temperature, surface. tension of liquid becomes 2 zet0 where the ineniscus between: the: Jiquid and the vapour disappear). 


+. 


Surface tension is scalar ey 
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Suiface te tension of the liquid can also be measured by capillary 
rise method. — 


Fig. 4.18 Capillary rise 


~ When liquid rises in a capillary, upward force due to surface | 


tension is balanced by gravitational force. 
2n.ry cos 0 = mg : 
m= mass. of liquid in column 
r= radius ‘of capillary 
h = capillary rise 
= gravitational force 

Mass of liquid in column (m)= , p 

=r 2hxp 

In ry cos 6 = nr’ hog 


_ _rhpg_ 
~ Ben s6 


If angle of contact between glass and liquid is zero, ie., 
cos 6 = 1, then 


(p = density of liquid) 


rhog 


; aoe) 


Effect of temperature on surface tensien : Surface tension — 


decreases with rise in temperature because the intermolecular 
force also decreases with rise in temperature. The decrease in 
surface tension with rise in temperature continues till critical 
temperature at which the surface tension of liquid becomes zero, 
i.e.,meniscus between liquid and vapour disappears. 

According to Eotvos equation, 


243 . 
1-(4] =K(t,~t) 
} Py. . 


.”.As t increases, 'y decreases linearly, when t = t.,¥ = 0, here 


t, is the critical temperature. 
(xii} Viscosity 

All liquids. have a characteristic property of flow. Some 
liquids like water, alcohol, ether, etc., flow. quickly while 
glycerine, castor oil, molasses, etc., flow very slowly. The 
property of the liquids which determines their resistance to 
flow, is called viscosity. 

When a liquid flows through a pipe, all parts of it do not move 
at the same rate. The thin layer in immediate contact with the wall 
of the pipe is almost stationary. The velocity of flow of each 
successive layer of liquid increases progressively as we proceed 
inward towards the centre. At the centre, the flow becomes 
fastest. Each layer of liquid moving with greater velocity over the 


~ one having lower velocity will experience a retarding effect due 


to the internal friction between the two layers. This internal 
friction or resistance is called viscosity. 

’ Imagine a liquid to be made up of a large number of thin 
cylindrical coaxial layers. 

It has been found that force of friction ‘f° between two 
cylindrical layers each having area ‘ A” sq. cm separated by a 


distance ‘x’ cm and having a velocity difference v cm/sec is. 
given by: 
foAa 
; 9 
fena- 
x 


V cm/sec 


(V + v) cm/sec 


Fig. 4.19 


Here,’ "1 tha constant known as coefficient of viscosity. If x = 1 
em, A = lcm? andv = lem/sec., then f =. 


Thus, coefficient of viscosity can be defined as the force per 
unit area needed to maintain unit difference of velocity 
between two consecutive parallel layers of the liquid which 
are one centimetre apart. 

Coefficient of viscosity is expressed in dyne cm sec. It is 
more commonly expressed as poise, centipoise (107? poise) and 


~2, 


" millipoise (107 poise), after the name of Poiseuille who derived 


the formula and gave the method for its determination. | poise is 
equal to a force of | dyne per unit area which maintains a velocity 


' difference of 1 cm per second between two parallel consecutive 


layers of the liquid 1 cm apart. 
The reciprocal of the coefficient of viscosity is called Fluidity 


(9). 
$= Fluidity =— 


Liquids with low viscosity are termed mobile and others with 
high viscosity are called viscous. 

Viscosity depends on the following factors: 

(a) Intermolecular forces: The liquids with high 
intermolecular attractive forces offer greater resistance to the 
flow of molecules and thus possess high viscosity. 

(b) Molecular mass: The flow of molecules is inversely 
proportional to its mass. Liquids having high molecular mass 
possess greater viscosity. 


(c) The structure and shape of: molecules: Viscosity 


- generally increases as the branching in the chain increases. 


Symmetrical molecules have low viscosity. 
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(d) Temperature: Intermolecular forces decrease with rise 
in temperature, Thus, viscosity decreases with the increase of 
temperature. This property is used to select the lubricant for a 


machine and engine. The variation of viscosity with temperature 


can be expressed by the following relationship: 
a= dew Bala? ..@ 


where, A = Pre-exponential factor (constant) 


E,, = Activation energy 
Taking logarithm of equation (i) we get : 


E 1 
fy (ll 
2.303R T @) 


log ig N= logy) A- 


-E, 
2.303 R 
Intercept = logi9 A 


Slope = 


logign —* 


WT—~ 


Fig. 4.20 


* This equation represents straight line with formula y=mxte 
Equation (ii) may also be given as 


E 
log 10 te =o a = ES 
N, 2.303217 7; 
where 1), is the coefficient of viscosity at temperature 7, and 
Y, is the coefficient of viscosity at temperature 7, . 


™ (e) Pressure: The increase of pressure increases the 
intermolecular forces. Thus, the viscosity of a given liquid 
increases with increase of pressure. 

(f) Density : Viscosity of a liquid increases with increase in 
density while that of gas decreases. 

Measurement of viscosity: Viscosity is generally 
determined by Ostwald’s method. It involves the comparison of 
time of flow of equal volumes of two liquids through the same 
capillary using an apparatus called viscometer. 


Nn. dx! 
Ne dy x hy 


where, 1,,.1 = coefficients of viscosity of water and liquid 
respectively, d=density of liquid; d,, =density of water; 
t = time of flow of liquid; ¢,, = time of flow of water. 


Note: Viscosity of gases increases with increase in temperature. 
Comparison between viscous forse and solid friction 
Points of differences : 


It is independent of the area of 
the surfaces in contact. 


- It is difectly proportional to ‘the 
area of layers in contact. 
2. It is.directly proportional to the 


relative velocity between the two 
liquid layers. . 


It is independent of the janie 
velocity between two solid sur- 
‘faces. 


Point of similarities: 

(i) Both viscous force and solid friction come: into action 
where ever there is relative motion. — 

(ii) Both these forces oppose the motion. 

(iii) Both are due to molecular attraetion. 


SECTION 3 : SOLID STATE 


t 


4.12 THE SOLID STATE 


In solid state, the particles (molecules, ions or atoms) are closely 
packed. These are held together by strong intermolecular 
attractive forces (cohesive forces) and cannot move at random. 
These are held at fixed positions and surrounded by 
other particles. There is only one form of molecular motion in 
solids, namely vibrational motion by virtue of which the particles 
move about fixed positions and cannot easily leave the solid 
surface. The following general characteristics are exhibited by 
solids: 

(i) Definite shape and volume: “Unlike gases and liquids, 
solids have definite shape and rigidity. This is due to the fact that 
constituent particles do not posséss enough energy to move about 
to take-up different positions. Solids are characterised by their 
definite volume which does not depend on the size and shape of 


the container. This is due to close packing of molecules and 
strong short range intermolecular forces between them. 

(ii) High density and low compressibility: Solids have 
generally high density and low compressibility due to close 
packing of molecules which eliminates free space between 
molecules. 

(iii) Very slow diffusion: The diffusion of solid is 
negligible or rather very slow as the particles have permanent 
positions from which they do not move easily. 

(iv) Vapour pressure: The vapour pressure of solids is 
generally much less than the vapour pressure of liquids at a 
definite temperature. Some particles near the surface may have 
high energies (kinetic) as to move away and enter the vapour 
state. 
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' (v) Melting point: The temperature at which the solid and 
the liquid forms of a substance exist at equilibrium or both the 
forms have same vapour pressure, is called the melting point. On 
supplying heat energy, the particles acquire sufficient energy and 
move away from their fixed positions in space. This results in the 
formation of liquid state. The solids have definite melting points 
- depending on the strength of binding energy. However, in some 
solids (amorphous solids) * the melting point is not sharp. 


443. FORMS OF SOLIDS 


- Solids are divided into two classes on the basis of haphazard and 
regular arrangement of the building constituents. 

(i) Amorphous: selids: The term ‘amorphous’ has been 
derived froma Greek word ‘Omorphe’ meaning shapeless. In 
amorphous solids the arrangement of building constituents is not 

regular but haphazard. Although these solids possess some of the 
' mechanical properties such as rigidity, incompressibility, 
refractive index, etc., but do not have characteristic shapes or 
' geometrical forms. Amorphous solids in many respects resemble 
liquids which flow very slowly at room temperature and regarded 
as supercooled liquids in which the cohesive forces holding the 
molecules together are so great that the material is rigid but there 
is no regularity of the structure. Glass, rubber, plastics, etc., are 
some of the examples of amorphous solids. 

Amorphous solids do not have sharp melting points. For 
example, when glass is heated, it softens and then starts flowing 
without undergoing any abrupt change from solid to liquid state. 

Thus, amorphous substances are not true solids but can be 
regarded as intermediate between liquids and solids. 


(ii) Crystalline solids: In crystalline solids, the building _ 


constituents arrange themselves in regular manner throughout the 
entire three-dimensional network. The ordered arrangement of 
building constituents (molecules, atoms or ions) extends over a 
large distance. Thus, crystalline solids have long range order. A 
crystalline solid consists of a large number of units, ‘called 
crystals. A crystal is defined as a solid figure which has a 
definite geometrical shape, with flat faces and sharp edges. 

A crystalline substance has a sharp melting point, i.¢., it 
changes abruptly into liquid state. Strictly speaking ‘a solid state 
refers to crystalline state’ or ‘only a crystalline substance can be 
considered to be a true solid’. 


4.14. ISOTROPY AND ANISOTROPY 

The substances which show same properties in all directions are 

said to be isotropic and the substances exhibiting directional 

differences in properties are termed anisotropic. 
Amorphous solids like liquids and gases are said to be 


isotropic as arrangement of building constituents is random and 
disordered. Hence, all directions are equal and therefore, — 


properties are same in all the directions. 
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Crystalline solids are anisotropic. Magnitude of some of the 
physical properties of crystalline solids such as refractive index, 
coefficient of thermal expansion, electrical and thermal 
conductivities, etc., is different in different directions, within the 


crystal. For example, in the crystal of silver iodide (Agl), the. 


coefficient of thermal expansion is positive in one direction and 
negative in the other direction. 


Fig. 4.21 Anisotropic behaviour of crystals .— 


The phenomenon of anisotropy provides a strong evidence for 
the presence of ordered molecular arrangement in crystals. This 
can be explained with the help of Fig. 4.21 in which a simple two 
dimensional arrangement of two different kinds of atoms has 
been depicted. When a physical property is measured along the 
slanting line CD, it will be different from that measured in the 
direction of vertical line AB, as line CD contains alternate types 
of atoms while line 4B contains one type of atoms only. 


4.15 DIFFERENCES BETWEEN; 


CRYSTALLINE AND PMORENO YS + 


SOLIDS ; 
Crystalline Solids Amorphous solids 


- Crystalline 
. anisotropic. Some of their physi- 


» They have definite and regular 
geometry due to definite and or-_ 
 derly arrangement of atoms, ions 


or molecules in three dimen- 


‘sional space. 


- They have sharp melting points 
and change abruptly into liquids. . 


solids are 


cal properties are different in dif- 
ferent directions. 


- These are considered as true sol- 


ids. 


< Crystalline solids are rigid and 


their shape is not distorted by 
mild distorting forces: 


arrangement of atoms, ions or 
molecules and, thus, do not have 
any definite geometrical shape. 


Amorphous solids do not have 
sharp melting points and do not 
change abruptly into liquids. 


Amorphous solids are isotropic. 
Their physical properties are - 
same in all directions. 


These are considered pseudo- 
solids or supercooled liquids. 


Amorphous solids are not very 
rigid. These can be distorted by 
bending or compressing forces. 


* Melting point of a solid depends on the structure of the solid. It is used for the identification df solids whether it is crystalline or amorphous. 


They do not have any pattern of 


§ 
i 
# 


2 ° 
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Crystalline solids . Amorphous solids 


6. Crystals are bound by plane 

faces. The angle between any 
two faces is called interfacial an- 
gle. For a given crystalline solid, 
it is a definite angle and remains 
always constant no matter how 
the faces develop. . 
When a crystalline solid is ham- 
mered, it breaks up into smaller 
crystals of the same geometr‘cal 
shape. 


Amorphous solids do not have 
well defined planes. 

When an amorphous solid is bro- 
ken, the surfaces of the broken 
pieces are generally not flat and 
intersect at random angles. 


7. An important property of crys- 
tals is their symmetry. There are: 
(i) plane of symmetry, (ii) axis of 
symmetry and (iit) centre of 
symmetry. 


any symmetry. 


4.16 TYPES OF SYMMETRY IN CRYSTALS ~ 
(i) Centre of symmetry: It is such an imaginary point within 
the crystal that any-line drawn through it intersects the surface of 
the crystal at equal distances in both directions. A crystal always 
possesses only one centre of symmetry [Fig. 4.22 (f)]. 

(ii) Plane of symmetry: It is an imaginary plane which 


passes through the centre of a crystal and divides it into two equal . . 


portions such that one part is exactly the murror image of the 
other. 

A cubical crystal like NaCl possesses, in all, nine planes of 
symmetry; three rectangular planes of symmetry and six diagonal 
planes of symmetry. One plane of symmetry of each of the above 
is shown in Fig. 4.22 (a) and (b). 


Rectangular plane Diagonal plane Axis of four-fold 
of symmetry of symmetry symmetry (three) 
(a) (b) (c) 


1 89 


Axis of three-foid Axis of two-fold . Centre of 
symmetry (four) . symmetry (six) symmetry (one) 
“@ - (e) : () 


Fig. 4.22 Various elements of symmetry in a cubic crystal 
(iii) ‘Axis of symmetry: It is an imaginary straight Ime 
about which, if the crystal is rotated, it will present the same 
appearance more than once during the complete revolution. The 


Amorphous solids do not have - 


axes of symmetry are called diad, triad, tetrad and hexad, 
respectively, if the original appearance is repeated twice (after an 


-- angle of 180°), thrice (after an angle of 120°), four times (after an 


angle of 90°) and six times (after an angle of 60°) in one rotation. 
These axes of symmetry are also called two-fold, three-fold, 
four-fold and six-fold, respectively. 


In general, if the same appearance of a crystal is repeated on 


rotating through an angle of ab , around an imaginary axis, the 


axis is called an » -fold axis. 

In all, there are 13 axes of symmetry possessed by a cubical 
crystal like NaCl as shown in Fig. 4.22 (c), (d) and (e). 

(iv) Elements of symmetry: The total number of planes, 
axes and centre of symmetry possessed by a crystal are termed as 
elements of symmetry. A cubic ays possesses a total of 23 
elements of symmetry. 


Planes of symmetry =(3+6)=9 — [Fig. 4.22 (@ and d(b)] 


Axes of symmetry = . +44+6)=13 
(Fig. 4.22 (c), (a) and (e)] 


Centre of symmetry = 1 [Fig. 4.22 (f)] 


Total number of symmetry elements = 23 _ 


4.17. SPACE LATTICE AND UNIT CELL 


All crystals arespolyhedra consisting of regularly repeating arrays 
of atoms, molecules or ions which are the structural units. A 
crystal is a homogeneous portion of a solid substance made of 
regular pattern of structural units bonded by plane surfaces 
making definite angles with each other. The geometrical form 
consisting only of a regular array of points in space is called a 
lattice or space lattice or it can be defined as an array of points 
showing how molecules, atoms or ions are arranged in different 
sites, in three-dimensional space. Fig. 4.23 shows a space lattice. A 
space lattice can be subdivided into a number of small cells 
known as unit cells. It can be defined as the smallest repeating 
unit in space lattice which, when repeated over and over again, 
results in a crystal of the given substance or it is the smallest 
block or geometrical figure from which entire crystal can be butlt — 
up by its translational repetition in three-dimensions. A unit cell 
of a crystal possesses all the structural properties of the given 
crystal. For example, if a crystal is a:cube, the unit cell must also 
have its atoms, molecules or ions arranged so as to give a cube. 


Fig. 4.23 Space lattice and unit cell 
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System a 
1. Cubic ” 
a=b-o, a=Bp=y7 =90° 
2. Orthorhombic 
a#b¢c,a=Pp=y=90° 
3. Tetragonal 


All unequal 


Two equal 
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All the three equal] All right angles — 
All right angles 


All right angles 


‘Maxdiaum symmetry 


elements Example 


NaCl, KCl, ZnS, diamond,’ 
ahums 


KNO,, BaSO,K,SO,, rhombic 
sulphur. ° 


TiO,, PoWO,,Sn0,, NH, Br 


Nine planes, 
thirteen axes 


Three planes, 
three axes 


Five planes, , 


a=be#c, a=BR=y = 90° five axes ee 

4,._ Monoclinic All unequal Two right angles One plane, Monoclinic sulphur, KCIO;, 

athtc, ©=y¥ = 90°.8 # 90° : : one axis CaSO, -2H,0, 
7 Na,B,0+-10H,O0 

5. Triclinic All unequat None right angles —_| No planes, CuSO, :5H,0, H;BO,, 
atbtc, a#B #7 # 90° : no axis K,CrO, a 

6. Hexagonal Two equal Angle between equal | Seven planes, ZnO, CdS, HgS, SiC, Agl 
a=b#c,a=6 = 90°, y =120° edges = 120° seven axes 

7. Rhombohedral All three equal |All equal but none) Seven planes, NaNO,, ICI, quartz (CaCO) 
a=b=c,a=BP=7 #90° | 90° seven axes : 


Each unit cell has three vectors a, band cas shown in Fig. 4.23. 
The distances a, b and c are the lengths of the edges of the unit 
cell and angles «8 and y are the angles between three imaginary 
axes OX’, OY and OZ, respectively. 


For example: For a crystal system, a=b=c and 
axBPry #-90°:. , 
(a) tetragonal (b) hexagonal 
(c) rhombohedral {d) monoclinic 
{Ans. (¢)} 


(Hint: From the table @ = b = c for rhombohedral and cubic 
system both but a = B= ¥ 90° for rhombohedral ontly.] 


4.18 CRYSTAL SYSTEMS 


On the basis of geometrical considerations, theoretically there 
ean be 32 different combinations of elements of symmetry of a 
erystal. These are called 32 systems. Some of the systems have 
been grouped together. In all, seven types of basic or primitive 
unit cells have been recognised among crystals. These are cubic, 
orthorhombic, tetragonal, monoclinic, triclinic, hexagonal and 
rhombohedral. These are shown in Fig. 4.24 and_ their 
characteristics are summarised in the following table. 

All crystals do not have simple lattices. Some are more 
complex. Bravais pointed out that there can be 14 different ways 
in which similar points can be arranged in a three-dimensional 
space. Thus, the total number of space lattices belonging to all the 
seven crystal systems are 14. 

The crystals belonging to cubic System have three kinds of 
Bravais lattices. These are: 


(i) Simple cubic lattice: There are points. oily at the corners 
of each unit. 


(ii) Face-centred cubic lattice: There are points at the corners 
as well as at the centre of each of the six faces of the cube. 


« 


Simple or primifive  Body-centred Face-centred 


(a) Cubic space lattices 


Simple or 
primitive 


Body-centred | End-centred Face-centred 


(b) Orthiorhembic space lattices 


Simple Body-centred Simple _End-centred 


(c) Tetragonal and monoclinic space lattices 


Rhombohedral 
(d) Triclinic, hexagonal and rhombohedral space lattices 


Triclinic 


Hexagonal 


Fig. 4.24 Bravais lattices 
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(iii) Body-centred cubic lattice: There are points at the 


comers as. well as in the body-centre of each cube. - 
The number of Bravais space lattices in a given system is 
listed in the sla table and shown in Fig. 4.24. 


- Cubic Simple, face-centred and body-centred. 


2. Orthothombic Rectangular and body-centred rectan- 
gular prism; rhombic atid body-centred 
thombic prism. 

3. Tetragonal Simple and body-centred tetragonal 


prism. 


.| Monoclinic parallelopiped, monoclinic 
face-centred parallelopiped. 


4. Monoclinic 


5. Triclinic Triclinic parallelopiped. 
6. Hexagonal 


- Rhombohedral 


Hexagonal prism. 


Rhombohedron. 


In various unit cells, there are three kinds of lattice points: 

points located at the corners, points-in the face-centres and points 
"that lie entirely within the unit cell. In a crystal, atoms locatedt at 
the corner and face-centre of-a unit cell are shared by other cells 
and only a portion of such an atom actually lies within a given 
unit cell. 

(i) A point that lies at the corner of a unit cell is shared among 
eight unit cells and, therefore, only one-eighth of each such point 
lies within the given unit cell. 

(ii) A point along an edge is shared by four unit cells and only 
one-fourth of it lies within any one cell. 

(ili) A face-centred point is shared by two unit cells and only 
one half of it is present in a given unit cell. 


(iv) A body-centred point lies entirely within the unit cell and: 


contributes one complete oint to thé cell. 


_ ‘Type of lattice point 


_| Contribution to one unit cell 


Corner 

Edge ie 1/4 
Face-centre 1/2 
Body-centre | 1 


Total number of constituent units per unit cell 


= ; X occupied corners + ; x occupied edge-centres 


+ : x occupied face-centres + occupied body-centre. 


Determination of Number of Constituent units per unit cell: 
Let edge length of cube = a cm 


_ Density of substance = d g cm™ 


Volume of unit cell = a? cm* 
Mass of unit cell = volume x density = (a* x d )g 


: cor a? xd 
-Number of mol per unit cell = 


where, M = molar mass 
Number of molecules per unit cell.= Number of mole . 
x Avogadro’ s number 


a? xdxN 
M 


Caiculation of number of constituerit units ine 
hexagonal unit cell 

(i) Constituent units at each corner of sini Gell: is common" 
among six unit cells hence contribute 1/6th to each unit cell. 

(ii) Constituent unit at edge is common to three unit cells 
hence contribute 1/3rd to each unit cell. 

(iii) Constituent units present at the body centre is considered 
in single unit cell. 

(iv) Constituent unit at face centre is common between two 
unit cells hence contribute 1/2 to each unit cell. 


"3 


Fig. 4.25 Hexagonal unit cell 


In the hexagonal unit cell (Fig 4.25), 12 corners, 2 face centres 
and 3 constituent units within the unit cells are occupied, hence 
effective number of constituent units. ‘present in the unit cell may 
be calculated : 


gee , occupied oe occupied ‘Central 
“x corners 2 faceclutres constituent units 
=f yas coe 
. 6 2 
=6 


4.19 DESIGNATION OF PLANES IN 
CRYSTALS—MILLER INDICES 


Planes in crystals are described by a set: of integers (A, k and 2) 


‘known as Miller indices. Miller indices of a plane are the 


reciprocals of the fractional intercepts of that plane on the various 
crystallographic axes. For calculating Miller indices, a reference 
plane, known as parametral plane, is selected having intercepts 
a, band c along x, yand z-axes, respectively (Fig. 4.26). Then, 
the intercepts of the unknown plane are given with respect to 
a, band c of the parametral plane. 
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Fig. 4.26 Parametral (intercepts a, b, c along x, yand'z-axes) 


Thus, the Miller indices are: 
a 


7 intercept of the plane along x- axis ° 
7 intercept of the plane along y- axis 
oi intercept of the plane along z - axis 
Consider the shaded plane ABD in Fig. 4.26. The intercepts of 


the shaded plane along X,Y and Z-axes are a/2, b and c/2, 
respectively. Thus, 


h=—’_=2; 
a/l2 
b 
k=-=t 
b L 
Sear 
c/2 


The plane is, therefore, designed as (212) plane. 
Note: (i) Ifa plane is parallel to an axis, its intercept with that axis is 
taken as infinite and the Miller indices will be zero. 
(ii) While defining Miller indices for orthogonal crystal, X, Y and 
Z-axes are considered crystallographic axes. 
Some of the important planes of cubic crystals are shown in 
Fig. 4.27. 


~  @ XO) ‘ 


(c) 


. Fig. 4.27 Miiler indices of planes in cubic lattice 
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In (a) intercepts are 1 oo oo 

So, Miller indices are 1 0 0 
The plane is designated (100) < 

In (b) intercepts are 1 1 eo 

So, Miller indices are 1 1 0 

The plane is designated (110) 
In (c) intercepts are 1 1 1 
So,: Miller indices are 1 . 1 1 


The plane is designated (111) 

The distances between the parallel planes in crystals are 
designated as d,,,. For different cubic lattices these interplanar 
spacings are given by the general formula, 

a 


4 enay = 
Vi ey oat of he 


where, a is the length of the cube side while /, k and / are the 
Miller indices of the plane. 

The spacings of the three planes (100), (110) and (111) of 
simple cubic lattice can be calculated. 


d 
(100) = 
Ji? +040 +0+ 0” 


The ratio is, 


daoo ? ato) ?4ary =1: aigeh 0.707 : 0.577 


Similarly, d (y,,) ratios for face-centred cubic and body-centred 
cubic can be calculated. For face-centred cubic, 


=a 
~ Too ? Fao)? Zary sa io iach 1.154 

For body-centred cubic, 

1 


FF 
1d: 


a 


1 
400) : dato dary > 


3 
=1: 1.414: 0.577 


4.20 CRYSTALLOGRAPHY AND X-RAY 
DIFFRACTION . 


Crystallography is the branch of science which deals with the 
geometry, properties and structure of crystals and crystalline 
substances. Geometric crystallography is concerned with the 
external spatial arrangement of crystal planes and geometric 
shapes of crystals. 
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Atoms, molecules or ions are too small to be seen with bey 
eye. The arrangement of particles in crystalline solids is 
determined indirectly by X-ray diffraction. In 1912, Von Laue 
showed that any crystal could serve as a three-dimensional 
grating to the incident electromagnetic radiation with wavelength 
approximately equal to the internuclear separations (~ 10° cm) 
of atoms in the crystal. Such radiation is in the X-ray region of 
the electromagnetic spectrum. 

The apparatus used is shown in Fig. 4.28. A monochromatic 
X-ray beam is directed towards the surface of a slowly rotated 
crystal so as to vary the angle of incidence 6. At various angles, 
strong beams of deflected X-rays strike the photographic plate. 
The photographic plate after developing shows a central spot due 
to primary beam and a set of symmetrically disposed spots due to 
deflected X-rays. Different kinds of crystals produce different 
atrangements of spots. 


_ Photographic film 


Crystal - 


Fig. 4.28 . X-ray diffraction of crystals: 


in 1913, Bragg found that Laue photographs are more easily 
interpreted by treating the crystals as a reflection grating rather 
than a diffraction grating. Fig. 4.29 illustrates the way by which 
the crystal spacings can be determined by use of X-rays of a 
single wavelength, A. The rays strike the parallel planes of the 
crystal at angle 6. Some of the rays are reflected from the upper 
plane, some from the second and some from the lower planes. A 
strong reflected beam will result only if all the reflected rays are 
in phase. The waves reflected by different layer planes will be in 


! 
{ 
{ 
i 
i 
i 
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{ 
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Fig. 4.29 X-ray reflection from crystals 


.face-centred cubic structure. Thus, 


shi with one another only if the difference in the path length of 
the waves reflected from the successive planes is equal to an 
integral number of wavelengths. OL andOM are the 
perpendiculars drawn to the incident and reflected beams. The 
difference in path lengths of waves deflected from the first two 
planes is given by: 


IN +NM =nd (n=1,2,3,...) 


Since, the triangles OLN and OMN are congruent, hence 
IN = NM. 


So, . Path difference = 2LN 
as LN = d sin 8 where, d is the distance between two planes. 
So, Path difference = 2d sin 8 


When two reflected waves reinforce each other (maximum 
reflection), the path difference should be =nA (where, 
n=], 2,3,...). : . 

So, for maximum reflection, 


ny = 2d sin 8 


This relation is called Bragg’s equation. Distance between two 
successive planes d can be calculated from this equation. With 
X-rays of definite wavelength, reflections at various angles will 
be observed for a given set of planes separated by a distance d. 
These reflections correspond to n=1,2,3 and ‘so on and are 
spoken of as first order, second order, third order and so on. With 
each successive order, the angle 6 increases and the intensity of 
the reflected beam weakens. 

The values of 6 for the first order reflection from the three 
faces of sodium chloride crystal were found to be 
5.9° , 8.4° and 5.2° respectively. As n and a are same in each 
case, the distance d between successive planes in three faces will 
be in the ratio of 

I ist 


ve = 9.61: 6.84: 11.04 
sin 5.9° ‘Sin 84° sin 5.2° 


= 1:0.70: 1.14 
spe thot 


This ratio corresponds to spacings along the three planes of a 
) the NaCl crystal has 
face-centred cub# structure. 


_ Example 63. _ X-rays of wavelength 1. Be tied a crystal 
and are observed to be deflected at an angle of 22.5°. Assuming 
that n = 1, calculate the spacing between the planes of atoms that 
are responsible for this reflection. 


Solution: Applying Bragg’s equation, 
, nh = 2d sin ® 
Given, n=l, A=1.54A, 6 =22.5°. 
Using relation | nA = 2d sin 8, 
7 41.54 - 1.54 =201A4 
2sin 22.5° 2x0. 383 


“ Example 64. The first order reflection of a beam of X-rays 
of wavelength 1.54 A from the (100) face of a crystal of the simple 
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cubic type occurs at an angle of 11.29°. Calculate the length of 
the unit cell. 

Solutian: Applying Bragg’s equation, 
2d sin @ = nA 


Given, 0 =11.29°, m=1, A=1.54A =1.54x 10% em 


- -8 
vies 1.54 108 _ 1.54x10 =3.93x 10° em 
2xsin 11.29° 2x 0.1957 


yh +k? 41? 
a= 3.93 10° cm= length of the unit cell 


’ Example 65. When an electron in an excited state of Mo 
atom falls from L to K-shell, an X-ray is emitted. These X-rays are 
diffracted at angle of 7.75° by planes with a separation of 2.64 A. 
What is the difference in energy between K-shell and L-shell in 
Mo, assuming a first order diffraction (sin 7.75° = 0.1349)? 


Solution: According to Bragg’s equation: 
nd = 2d sin ®@ 
IxA=2x 2.64sin 7.75° =2 x 2.64 x 0. cae 
A=0.712A 


Energy difference between K and L-shell of Mo 


~34 8 
_ he _ 6.626 10 x3x10 =2.791% 10°" J 


r 0,712 x 190°'° 


4.21 ANALYSIS OF CUBIC SYSTEMS 


The following characteristics are reflected by cubic systems 
when analysed mathematically: 
(i) Atomic Radius 
. Itis defined as half the distance between nearest neighbouring 
atoms in a crystal. It is expressed in terms of length of the edge 
a’ of the unit cell of the crystal. 
(a) Simple cubic unit cell : In a 
simple cubic unit cell, atoms at the 
corners touch each other along the edge. 


Distance between the nearest 
neighbours, 

d=ABza=2r 

(where r = radius of the atom) Fig. 4.30 

or Atomic radius, " Simple cubic unit cell 

a. 

r=—=05a 
> 2 


_(b) Body-centred cubic unit 
cell : The distance between the 
two nearest neighbours is repres- 
ented by length AE or ED, ie., 
half of the body diagonal, AD. 


Fig. 4.31 
~ Body-centred cubic unit cell 


In A ABC, 


AC? = AB? + BC? =a’ +a” =2a’ 
or AC =42a 
Now, in A ADC, 
AD? = AC? +CD? 
= (¥2a)? +a? = 3a? 


or. AD = 3a 
d= 3 , 
2 
d=2r= 3, 
2 
; F 3 
or Atomic radius, r= ar a 


(c) Face-centred cubic unit cell 
: The distance between the two 
nearest neighbours is represented 
by length AB or BC,i.e., half of the 
face diagonal, .4C. 


d=AB=BC sec 
2 Fig. 4.32 
In AACD. AC? =CD? + AD? Face-centred cubic unit 
, cell 
=a? +q* =2q’ 
AC =V2a 
AC i: 4 
o = =-—a=—a 
2 2 2 
1 
d=2r=— a 
V2 
or Atomic radius, r=——~a 
wW2 


(if) No. of Atoms Per Unit Cell 
Different types of cubic unit cells are given in following figure: 


ei 1/8 atom . 1/8 = 
Al atom 1 atom 1/2 atom 


Simple cubic Body centred cubic Face centred cubic 
(a) (b) ; (c) 


Fig. 4.33 (a) Simple or primitive cubic iattice; 
{b) Body-centred cubic lattice; (c) Face-centred cubic lattice 
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(a) Simple cubic structure: Since, each corner atom is 


: ; ; ; l 
shared by eight surrounding cubes, therefore, it contributes for Fs 
of an atom. 


Thus, for simple cube = 8 x = |atom per unit cell 


(b) Face-centred cubic structure: Since, the structure 
possesses 8 corner atoms and six at the centre of each face, the 
contribution will be 


= 8x : + 6x ; (Face atom is shared by two cubes) 


= 1+3= 4 atoms per unit cell 
(c) Body-centred cubic structure: Since, the structure 
possesses 8 corner atoms and one body-centre, the contribution 


will be = 8x st |= 2 atoms per unit cell. 


(iii) Coordination Number 

It is defined“as the number of nearest neighbours that an atom 
has in a unit cell, It depends“upon structure. 

(a) Simple cubic structure: Coordination number = 6 

(b) Face-centred cubic stracture: Coordination number = 12 

(c) Body-centred‘ cubic structure: Coordination number = 8 

(iv) Density of Lattice Matter 

Knowing the unit cell dimensions, the theoretical density of a 
crystal can be calculated as: 


Density of the unit cell = Miss of uoitcell 


Volume of the unit cell 
Mass of the unit cell = number of atoms in the unit 
cell x mass of each atom 


Atomic mass M 
Mass of each atom = 


Avogadro’ s number “N 0 
ZxM _nxM 
NyxV Nyxa? 


where, Z is the number of atoms in a unit cell and V is the volume 
of unit cell. 


So, density of a unit cell = (For a cube) 


For acubeV = a> where, a is the edge length of the cubic unit 
cell. , 

(¥¥ Packing Fraction or Density of Packing . 

It is defined as the ratio of volumes occupied by atoms in unit 
cell to the total volume of the unit cell. 


: Vol i i it cell 
Packing fwetion = olume occupied by atoms in unit cel 7 


v 
Total volume of the unit cell V 


(a) Simple cubic structure: 
the atomic radius. 


Let a be the cube edge and r 


V = volume of the unit cell = a? 


Since, one atom is present in a unit cell, its 


(r=a/2) 


i.e.,52% of the unit cell is occupied by atoms and 48% is empty. 


(b) Face-centred cubic stryeture: Since, four atoms are 
present in a unit cell, their volume is 


v=4x( Snr’) 
3 


. a 
Putting the value of r= —, 
wW2 


Volume of unit cell, V = a3 
3 


Packing fraction = =—— = 0.74 


Ta 
3V2a> 32 
i.e.,74% of unit cell is occupied by atoms and 26% is empty. 


. (c) Body-centred cubic structure: Since, two atoms are 
present in a unit cell, their volume is 


v=2x(m] 
3 


3 
Putting the value of r= 4 a, ‘Vv =2x ; 1 Xx (2 | 


_v3na° 
8 
Volume of unit cell, V = a° 


at 
EE, - Baa ass 


Packing fraction = 
8a 


i.e. ,68% of the unit cell is occupied by atoms and 32% is empty. 


Characteristics of cubic unit cells are summerised in following 
tables : 


Volume, conventional cell 
Lattice points per cell 


Volume, primitive cell 


Lattice points per unit volume 
Number of nearest neighbors 


Nearest-neighbor distance 


Number of second neighbors 
Second neighbor distance 


Packing fraction 
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Hexagonal Unit Cell 


Let us consider hexagonal unit cell of height ‘A’; its 
constituent units are spherical having radius ‘r’. 


Fig. 4.34 Hexagonal unit cell 
Number of constituent units in the hexagonal unit cell = 6 


Thus, occupied volume in the unit cell = 6x 5 mw 


Volume of unit cell = Area of base x height 
= 6x Area of equilateral triangle x height 


13» 2 


=6X—a ar? 
4 3 

= 6x3 an? ar]? 
4 3 


(Height of the unit cell can be calculated geometrically) 
; occupied volume 
Percentage occupied space = —————__—___ 
. volume of unit cell 
bie 
= 3 ____ x 100 = 74.06% | 


63 (ary xan]? 
. 40. 3 
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Example 66. 4 compound formed by elements A and B 
._erystallises in cubic structure where A atoms are at the corners of 
a cube and B atoms are at the face-centre. What is the formula of 
the compound.? 
Solution: An atom at the corner of the cube contributes 4 to 


the unit cell. Hence, number of atoms of A in the unit cell : 


=8x kel. 

Ani atom at the face of the cube contributes }4 to the unit cell. 
Hence, number of atoms of 2 in the unit cell = 6x 4 = 3. 

Thus, the formula is 4B,. 
-* Example 67. At room temperature, sodium crystallises in 
body-centred cubic lattice with a=4.24 4. Calculate the 
theoretical density of sodium (At. mass of Na = 23.0). 


. Solution: A body-centred cubic unit cell contains 8 atoms at 


the 8 corners and | in thé centre. : aa 
Hence, . 


~ Total number of atoms in a‘unit cell = 8x : +1=2 - 


.G.R.B. PHYSICAL CHEMISTRY FOR COMPETITIONS 


Volume of unit cell = a? = (4.24 x 10°)? em? 


So, Density = 2%! 2x 23 


No XV (6.023 x 10? (4.24 x 108 3 


= 1.002 g cm™ 


2°-Example 68. The density of KCI is 1.9893 g cm” and the 
length of a side of unit cell is 6.29082 A as determined by X-ray 
‘diffraction. Calculate the value of Avogadro ’s number. 

Solution: KCl has face-centred cubic structure, 


‘ie . ; Z=4 
Avogadro’ s number = ESM 
dxV 


Given that, d = 1.9893; M = 74.5; V = (6.29082 10° )3 em? 


4x 74.5 
1.9893 x (6.29082 x 1078 )3 


=6.017x 107 


Avogadro’ s number = 


‘Example 69. Silver crystallises in a face-centred cubic 

unit cell. The density of Ag is 105g cm™. Calculate the edge 

length of the unit cell. 
Solution: For face-centred cubic unit, Z = 4. 


ZxM 
Ny Xd 
_ 4x 108 
~ (6.023 x 1023) x 10.5 
= 68.3x 10-4 
Let a be the edge length of the unit cell. 
So, V=a° 


We know that, V = 


. 


= 6.83x 10°? © 


or a? = 68.3x 104 


a= (68.3x10%)'?cm 
= 4.09x 107° cm . 
= 409 pm - 
Example 70. An element occurs in bec structure with a 
cell edge of 288 pm. The density of metal is 7.2¢ cm. How 
many atoms does 208 g of the element contain? 


Solution: Volume of the unit cell = (288 x 107" y° 


= 23.9x 10° em? 


Volume of 208 g of the element = a = 28.88cm’ 


28.88 
23.9x 10-4 


= 12.08 10” unit cells 
Each bcc structure contains 2 atoms. 


Number of unit cells in 28.88 cm? = 


_ STATES OF MATTER | a ne (2 257° 


So, Total atoms in 12.08 x 107° unit cells 
= 2x 12.08 x 107 
= 24.16 x 107 


- Example 71. Lithium forms body-centred cubic crystals. 
Calculate the atomic radius of lithium if the length of the side of a 
unit cell of lithium is 351 pm. 

Solution: In body-centred cubic crystals, 


3 


r=—— a 
4 


3 


=—7 *%351pm=151.98pm 


Example 72. ‘Ammonium chloride crystallises in a 
body-centred cubic lattice with a unit distance of 387 pm. 
Calculate (a) the distance between oppositely charged ions in the 


lattice and (b) the radius of the NH," ion if the radius of Cl~ 
is 181 pm. 
Solution: (a) In a body-centred cubic lattice, oppositely 


charged ions touch each other along the cross-diagonal of the 
cube. . 


So, . 2r, +26, = /3a 
or e te +% eae 
= x 387 387 = 335.15 pm 
(b) Given that, r, = 181 pm 
= 335.15- 181.0= 154.15 pm 


Exaile 73. The unit a cube length for LiCl (NaCl 
structure) is 514 A, Assuming anion-anion contact, calculate the 
ionic radius for chloride ion. 


Solution: In a face-centred cubic lattice, anions touch éach 
other along the face diagonal of the cube. 
Ati = v2a 
_ 2 
Foy- = ae a 
ee x'5.14=1.82A- 
4 
Alternative: Distance between Li* and.Cl” ion 
oe iaek er 
2 
Thus, distance between two chloride ions Ae 
on | 
=.f(2.57) +(2.57)7 ™| 
Lith Cl 


=3.63A 257A 
Hence, ; 


~ radius of C17 ake =1.82A 


Example 74. The density of euiiline sodium chloride is 


2.165g cm™>.. What is the edge length of the unit cell. . 
What would be the dimensions of cube containing one mole of 
_ NaCl? 
Solution: We know that, 
. A (44) 
Bl 
where, p = density = 2.165 gem™ 


'. M = molar mass = 58.5 . os c 
N 4 = Avogadro's number = 6.023 x 10” - 


N = number of formula unit per unit cell 


ai tec) 
ee ON AP Vs @ 58.5 + 
p | Ny ~ 2.165 6.023x 107 |. 
= 1.794 x 10°" 
a= 5.64x 10% om 
Molar volume = MONEE ASS ooh 
. Density. 2.165 165 
58.8 13 a3 
Edge length (a .=3cm 
ge leng (a)= E 7 ae 


Ee ample 78. The density of potassium bromide crystal i is 
2.75g cm” and the length. of an edge of a unit cell is 654 pm. The 
unit cell of KBr is one of three types of cubic unit cells. How many. 
formula units of KBr are there in a unit cell? Does me unit cell 
have a NaCl or CsCl structure? 


Solution: | We know that, 
pee ee 
- a | Ny. 
x a pxa? x 'N, 
: _ M 
_ 2.75x (654x107)? x 6.023 x 10 . 
7 119 
Number of mass points per unit cell = 4 
It is NaCl type crystal, i.e., fec structure. 
Example 76. A unit cell of sodium chloride has four 
formula units: The edge length of unit cell is 0.564 nm. What is 
the density of sodium chloride? (UT May 1997) 
ZM _ 4AX585 


aN (5.64x 10°) x 6.023 x 10 


= 3.89 = 4. 


Solution: p= 


=2.16gem> 


Example 77. Chromium metal crystallises with @ 
body-centred cubic lattice. The length of the unit cell edge is 
found to be 287 pm. Calculate the atomic radius. What would be. 
the density of chromium in g/cm ap, CUT July 1997) 


ey _ me G.RB. 
"Solution: In body-centred cubic unit cell, 


aV3 = 4r 


oie a= edge length, r= radius of atom - 


avy3 _ V3 x4.29 _ 


Example 78. When heated above 916°C, iron changes its 
‘crystal structure from body-centred cubic to cubic closed packed 


structure. Assuming that the metallic radius of the atom does not | 


change, calculate the ratio of density of the bec crystal to that of 
’ the ccp crystal. — ; 
Solution: In body-centred pacing, the efficiency of 
. packing is 67.92%. In the cubic closed. packing, the packing 
efficiency is 74.02%. 

Let d, be the density when packing cceney is 74.02% and 
a3 is the ery eas packing aipcrney is 74.02%. 


ILLUSTRATIONS OF OBJECTIVE QUESTIONS 


30. AB element ‘A’ has face-centred cubic structure with edge . ~ 


“length equal to 361 pm. The apparent radius of atom ‘A’ is: 


(a) 127.6 pm © (b) 180.5 pm 
(c} 160.5 pm” (d) 64 pm 
[Ans. (a)] 

[Hint: For face-centred unit cell, - 

; , a2 = 4r : 
361x 1.414 . 
ate 

= 127.46 6pmj ; 

“The packing fraction of the ne that crystallises i in simple 

cubic ee is: ; 

@- OL Or @e 

7 4 “6 "3 20 
[Ans. (b)] : 
{Hint: In simple unit cell a= 2r 


Z=1 


ot . Occupied volume 
Packing fraction = —-————— 


Total volume : . 
Aap Aap 
: ee a ee 
i i: a (2rF 6 


32. “How: many unit ‘cells: are present in 39 g of potassium that 
crystallises in a cubic structure? 


(a).N 4 oO (O05 N, @ 0.75 Ny 4° 
“Ans. (J) g 4 
(Hint: Number of atoms = _- Mass XN 4 
ais Atomic mass 
39 


PHYSICAL CHEMISTRY FOR COMPETITIONS - 


in bec unit cell, Z=2 - 


Number of unit cells = 74-0, 5 Nal 


; 33. Sodium metal exists in bec unit cell. The distance between 


nearest sodium: vatoms 1 is 0.368 nm, The edge length of the. . 
" unit cell is: ; 


(a) 0.368 nm (b) 0.184 nm 
(c) 0.575 nm’ (d) 0.424 nm 
{Ans. (d)] © 
{Hint: In bec unit cell, a3 = 4r 
= ate =——x2r. 
gy i 


2 
= x 0.368 = 0.425 nm 
V3 


34. If the distance between Na* and Cl” ions in NaCl crystal is 
265 pm, then edge length of the unit cell will be? 


(a) 265 pm _ = ‘(b) 530 pn (c)795pm (d) 132.5 pm - 
[Ans. (b)]: 
{Hint:| In NaC: 


' . Edge length = 2 x distance between Na* and a” 
= 2 x 265 = 530 pm] | 
(35. The interionic distance for caesium chloride crystal will be: 


ions. . 


- Ned (MP) 2007]. 

a av3 

(aja . > )—- @% BR 
[Ans. (c)] — 

4,22. PACKING OF IDENTICAL SOLID ie 

- .SPHERES 


_ The constituent particles i in 1 the fienition of crystals are either 
_ atoms, ions or molecules. These particles may: be of various 
shapes and thus, the mode of packing of these particles will 
_ change according to their shapes. The simplest way will be to 


consider these particles as spheres of equal size. The packing of 


‘ spheres is done in such.a way as to use the available space in the 


most economical manner. | - 


Anangement (ii) 


: Arrangement (i) . 


Fig. 4.35 Two common ways of packing spheres 
of equal size 
' There are two common ways in which spheres of equal size 
can be packed. This has been shown in Fig. 4.35. The 
arrangement (i) is more economical in comparison to 
arrangement (ii) as 60.4% volume is occupied in arrangement (i) 


-vand 52.4% volume in arrangement (ii). Arrangement (i) 
- represents.a close packing of spheres. 
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In arrangement (i), the spheres are packed in such a manner 


that their centres are at the corners of an equilateral triawgle. Each . 


sphere is surrounded by six other similar spheres as shown in Fig. 
4.36. This arrangement can be extended in three dimensions by 


’ adjusting spheres on the top. of hollows or voids of the - 


two-dimensional layer which is called the first layer or ‘A’ layer. 
There are two types of hollows in the first layer which have been 
marked by dots () and cross (x). All the hollows are equivalent. 
The spheres of the second layer may be put either on hollows 
marked by dots or by crosses. Half of the hollows remain 
unoccupied in the second Jayer (Fig. 4.37). The second layer is 


marked as ‘B’ layer. The spheres have been placed on the hollows — 


marked by dots. 


' Three spheres A 
atthe corners 
of ap equilateral 
‘triangle 


Six spheres 
surrounding 
a sphere 


Fig. 4.37 Building of second layer (B,. shown shaded) 
covering hollows marked by dots (« ). The 
hollows marked by a cross (x) unoccupied - 


- ' To build up'the third layer of spheres, there are two alternative 
ways. In the first way the spheres are placed on the hollows of 
second layer. It is observed that each sphere of third layer lies 
exactly above the spheres of first layer. When this arrangement is 
_ continued indefinitely, the system obtained. is found to possess 
hexagonal symmetry and is called hexagonal close packing of 


G fold axis 


‘is obtained when the spheres in the first- 


- spheres and is abbreviated as hep or ABABAB... . This is shown 


in Fig. 4.38. In the second way, spheres are placed on the 


_ unoccupied hollows of the first layer, marked by. ‘crosses’, It is 


observed that spheres of the third layer do not come over those-of 
first layer. This arrangement of close packing is referred to as 


- ABC. However, it is noted that spheres in the fourth layer will 


correspond with those in the first layer. When such an 
atrangement is continued indefinitely, the system is. found to 


possess cubic symmetry and called cubic close packing of 


spheres and is abbreviated as eepor ABCABC ... This is shown 
in Fig. 4.39. The system ABCABC ...shows that there is a sphere 
at the centre of each face of the unit cube and thus, this system is 
also referred to as face-centred cubic or fee.. ar 


Three-fold 


> wor DO 


(a) (b) 
Fig. 4.39 ABC ABC A..:. or cubic close packing (ccp) of 
spheres .- -, ; ; 


It is noted that in both the above systems 
hep or cep, each sphere is surrounded. by 
twelve other spheres shown in Fig.. 4.40. 
There is a third arrangement of packing of 
spheres which is known as body-centred . 
cubic arrangement (bcc). This arrangement - 


layer are slightly opened up, i.e. ,none of the 
spheres touches each other. In the second 


layer, the spheres are placed at the top of a 


hollows in the first layer. In the third layer, 
spheres are placed exactly above the first 
layer. Each sphere in this system of packing 
is in contact with eight spheres, four in the 
lower layer and four in the upper layer. This’ 
arrangement has been shown in Fig. 4.41. . 
Most of the metals belonging to s-block’ 


Fig. 4.40 
Coordination 
number in hep , 
and ccp structure ~- 


and d-block elements possess any one of the following close ee 

packing arrangements: _ a 
(i) Cubi¢ closed packed, (i1) Hexagonal closed packéd. and... 

(iii) Body-centred cubic packed. a ge : 


Examples: — 
Metals: Structure 
. Mg, Zn,.Mo,V,Cd | . hep 
‘Cu, Ag, Au, Ni, Pt cep or fee 


oe Li, Na, K,Rb,Cs,Ba bee 
Fig. 4.38 ABABAB... or hexagonal close packing (hcp) o1 
spheres i 


a eel 


| 8888 
| OO6E 


Fig. 4.41 


VEE 


(B) 
ay eee cubic packing of spheres 
(B) Body-cenired cubic arrangement - 
Interstitial sites in close packed lattices: In a close packing 
of spheres, there is always some empty space left. The empty space 
is called hole or void or interstitial site. Common interstitial sites in 
closely packed spheres are tetrahedral and octahedral. 
Tetrahedral site: When one sphere is placed upon the three 
other spheres which are touching each other, tetrahedral structure 
“results. The four splieres leave a small space in between which is 
called a tetrahedral. site. The site is much smaller than that of the 


' spheres. However, when the spheres are bigger in size, the 


tetrahedral site becomes larger. In hep and ccp, each sphere is in 
contact with three spheres above and three spheres below. Thus, 
there are. two tetrahedral sites associated with each sphere. 
Octahedral site: .This site is formed at the centre of six 
spheres, the centres of which lie at-the apices of a regular 
octahedron. Each octahedral site is created by superimposing two 
equilateral triangles with apices in opposite direction, drawn by 
joining centres of three spheres in one plane and three spheres in 
other plane. There is an octahedral site for each sphere. Thus, 


octahedral sites are half of tetrahedral sites. Tetrahedral and_ 


octahedral voids are represented in Fig. 4.42 and 4.43. 


. Fig. 4.43 Octahedral voids 


Location of Octahedral and Tetrahedral Voids i in Cubic 
Close Packing 


Octahedral voids. : In the Fig. 4.44 a unit cell of cep or fec 
lattice is drawn, Corners and face-centres are the packing sites. In 


_the face-centred cubic unit cell; octahedral voids are located at 


___ the body-centre and all the edge cepitres of cube. 


Number of constituent units at packing sites = gx 7 + 6x4 ote 4. 


. Number of octahedral voids (one at body-centre and twelve at" 


edge-centres) = I+ x12=4 a t 


IWUSTRATIONS OF OBJECTIVE QUESTIONS === 
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.. Number of octahedral voids is equal to the number of 
constituent units at packing sites. Each octahedral void is 
surrounded by six constituent units. . 


O--~ Packing sites 
~~» Octahedral voids 


Fig. 4.44 


Yetrahedral voids : In cubic close packing, there are eight 
tetrahedral voids in each unit cell. Tetrahedral voids are located 


‘on body diagonals. Two tetrahedral voids are located on each 


body diagonal; these are represented in the Fig. 4.45. 


O-~ Packing sites 
e@—+ Tetrahedral voids 


Fig. 4.45 


Number of constituent fa at packing sites eon and 
face- centres) = 8x a 6x5 =4 


Number of tetrahedral voids = 8 

‘Thus, number of tetrahedral voids is twice the number of 
constituent units present at packing sites, 

In a multilayered closest-packed structure, there is a 
tetrahedral void above and below each atom, hence there are . 
twice as many tetrahedral voids as those of closes pate? 
constituent units. 

Tetrahedral and octahedral voids can nbe located as 

——____— Second closest packed layer 

Tetrahedral voids ; 
Octahedral voids © 
Tetrahedral voids 

First closest packed layer 


36. .° Inacompound, atoms of element Y form-cep lattice and those 
of element X occupy 2/3rd tetrahedral voids. The formula of 
- the compound will be : C(ATEEE 2008) 
(a) X3Y, (b) X,Y; (d) X,Y 
[Ans. b) 


oe Let number of atoms ‘ef Y used in sels =n 


(c) X2¥5 
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Number of tetrahedral voids = 27 | 


Number of atoms of k= 2 x2n= 
Vi =nian 23:4 


Formula of compound = AA ; 

37. Asolid compound contains X, Y and Z atoms in a cubic lattice 
with X atoms occupying the corners, Y atoms in the body 
centred positions and Z atoms at the centre of the faces of the 
unit cell. What is the empirical formula of the compound ? 


(a) XY,Z,; — (b) XYZ, (c) X2¥,2Z, (d) Xg¥Z, 
(e) XYZ 

[Ans. (b)] 

(Hint : Number of atoms of Xin a unit cell = : x8=l 


~ Number of atoms of Yin a unit cell = 


Number of atoms of Zin a unit cell -: X63 


Empirical formula of the compound = XYZ;] 
38. In a crystalline solid, atoms of X form fec packing and the 


atoms of Y occupy all octahedral voids. If all the atoms along — 


one body diagonal are removed then the simplest formula of 
‘the crystalline solid will be : 


(a) XY (b) X4¥, 
[Ans. (c)] . 
[Hint : Number of atoms of X in fee packing (at corners and face 


(c) X5¥4 (d) ous 


‘centres of cubic unit cell) = 8 x : + 6X 2 =4 


Number of atoms of Y at octahedral voids = : 
Along one body diagonal there are two X atoms and one Y atom. 
Number of effective atoms of X after removal 


=4- eer 
8 4 
Number of effective atoms of ¥ after removal = 4 — 1 = 3-. 
Kiy=233 
4 
= 35:4 


Simplest formula = X,Y, } 


4.23 TYPES OF CRYSTALS 


Crystals are classified into four main types depending upon the 
nature of forces that hold the constituent particles together i in the 
crystal lattice. 
1. Ionic crystals: 
electrostatic. The lattice points in such crystals are occupied by 


positively and negatively charged ions. Each ion is surrounded by _ 


the largest possible number of oppositely charged. ions. This 
number of oppositely charged ions surrounding each ion’ is 
termed its coordination number. The coordination numbers of 
positive or negative ions may be same or different. For example, 

in sodium chloride, each Na* 
and each Cl” ion is surrounded by six Na* ions. Thus, both the 


The fines operating in ionic crystals are 


ion is surrounded by six Cl” ions. ~ 


ions have coordination number six. In CsCl, each Cs* ion is — 
surrounded by eight Cl” ions and vice-versa. Thus, both the ions 

have coordination number eight. In the case of CaF,, the 

coordination number of Ca”* -is eight while that of F ~ ion, is 

four. 

The coordination numbers commonly encountered in ionic’ 
crystals are 8 (body-centred cubic arene), 6 (octahedral - 
arrangement) and 4 (tetrahedral arrangement). . 

It is impossible for both anions and cations to have closed 
packed structures but if one of the ions is much bigger than the — 
other, it is common for the bigger ions alone to approach a closed 
packed structure and smaller ions to fit into holes in this structure. 

In ionic crystals, the coordination numbers as well as the 
geometrical shapes of the crystals depend mainly on the relative | 
sizes of the ions. The ratio of the radii of the positive and negative 
ions is called radius ratio. 

: Radius of positive ion (cation) ~ r+ 
Radius ratio = ——__—__———___--—-___- = 
_ Radius of negative ion (anion) r _ 


Common coordination numbers are 3, 4, 6 and 8. 
The following table shows the radius ratio values, permitted 
coordination numbers and the shapes of ionic crystals: 


Radius ratio Permitted Arrangement of 
Qt fr) coordination —_ anions round the Example 
SE ee number cations 
0155-0225. 3 Plane Triangular B,0, 
0.225- 0.414 4 Tetrahedral ZnS 
0414-0732: 6 Octahedral , NaCl 
0.732-1.000 8 Cubic (body-centred) CsCi 


Types of Structure of lonic Solic.. 
Crystal structure of ionic solids are described into following 


"types: 
aah Example 
1. Rocksalt ‘(| NaCl, LiCI, KBr, Rbl, AgCl, AgBr, Fe, Caw 
. Cesium chloride | CsCl, CaS, CsCN . 
- Fluorite CaF;, UO,, BaCi,, HgF, 
. Antifluorite ~  |K,0,K,S, Li,O, Na,O, Na,S 
. Nickel Arsenite |NiAS,NiS,FeS,CoS 
. Rutile TiO, Mn0,, Sn0, 
- Perovskite CaTiO;, BaTiO;, SrT a, 
. Zine blende ‘ ZnS, CuCl, Cas, HeS 
(sphalerite) | wie, . 
9. Wortzite ‘ZnS, ZnO, BeO, MnS, Agl 


Packing of ions in ionic erystal (Formation of NaC} 
crystal): “The formation of NaCl crystal can be explained in the 


- following manner. The two ions form one ion-pair of opposite 


charges by the electrostatic force of attraction. Each of the ions 


oon 262 


ha a strong etna field around it and will satially attract 

“another ion-pair much in the same way as two magnets attract 
each other, ie, a cluster is formed. Two ‘clusters combine 
together to give a unit cell. Finally, large numberof unit cells 
unite togettier to form three- “dimensional cubic crystal. 


ee ef . Nat cir 
(A) “ @) (C) 


. Fig. 4.46 Filing up of ion pairs in stages: (A) shows an ion-psir, 
(B) two ion-pairs and (C) four ion-pairs of sodium chloride 
An. examination ‘of Nee crystal (Fig. 4. 47) makes the 

following points clear: 

(i) Each Na* " ion is surrounded by six Cl~ ions at the corners 
of a regular octahedron and similarly each Cl~ ion is surrounded 
by-six Na* i ions. It is, therefore, termed as 6 : 6 arrangement. The 
radius ratio (ee fry = 0.95/1.81 = 0. aa suggests that coordi- 


nation numberof: cael ion is six. 


" o Nat jon are 
represented 
= by holtow circles 
: @ Cl" ion are. 
~j represented 
CI ion i ied 
octahedrally by filled circles 
surrounded by _ 
. six Na* ions = 
Nat ion 
octahedrally 
* surrounded by 
six CI ions 


Fig. 4.47 Unit cell representation on NaCl structure 


(ii) In the octahedral structure, Cl” ions may be regarded as 
go having: a cubic closed packed (cop) arrangement in which all 
octahedral holes are filled by Na* ions. 


(iii) This type of structure is possessed by most of the alkali 


metal halides (KCI, Nal, RbF, RbI), alkaline earth metal oxides 
- ‘and Agr, ae AgBr, NH, Cl, NH, Br, ete. 


Fig. 4.48 
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Here, 4r_ = ¥2a and (2r 42n, J=a 
Packing fraction ($) : 
3 
4 nt +e )_ Tt 2 | 
a 4x—7 2 = | | dln 
3" a 32 


The unit cell of sodium chloride has four. sodium i ions and four 
chloride ions. 


(a) Nutiber of sodium ions = 
+ \(at body-centre) = 4. 


: (b) Number of chloride ions = 8, (at the corners) xa+ 6 


(at face-centres) x : =4: 


Structure of Some Other lonic Compounds 
In CsCl ies the coordination number of each ion is 8 as 


the radius ratio is 0.933. It is termed as 8 : 8 arrangement. 

as 

The arrangement of the ions in this crystal is body-centred cubic 
type, i.e., the unit cell has one ion at the centre and oppositely 


charged ions at the corners of the cube. This has been shown in 


_ Fig. 4.49. This type of structure is possessed by CsBr, Csl, TIC], 


TIBr, etc. 


Bee 


Fig. “4.49° Structure of CsCl: 


@ Cs* 


Here, Cs* ion is present at the body centre and chloride i ions at 
eight corners. In their limiting case : 
2r. = aand (2r. +2r,)= V3a 
a = edge jength of unit cell 
Packing fraction (): 


3,03 3 
pong ee co +1 
3° a 3x8l hr 


ZnS crystal has two types of structures: 

(i) Zinc blende structure and 
‘ (i) Wurtzite structure. 

() Zinc blende structure: It has cubic close-packed Jccp) 
structure. The S?- ions are present at the corners of the cube and 
at the centre of each face. Zinc’ions occupy half of the tetrahedral 
sites, Each zinc ion is surrounded by four sulphide ions which are 


disposed towards the corners of a regular tetrahedron. Similarly, 


x 


12 (at ‘the edge- centres) x : 


. he 


eae s?- 


_ (hep) structure. Se 
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ion is surrounded by four Zn7* 
similar to diamond. 


. Fig. 4.50 Zinc blende 


4r. =V2a 


Packing fraction (@) : 


‘Tt has hexagonal close-packed 
ions adopt hcp arrangement and Zn* ous 
occupy half of the tetrahedral sites. 


(ii) Wurtzite StenetOne: 


The above structures are termed 4: 4 arrangement ‘pcassieed 


by ZnO, Agl, SiC, etc. - . 
CaF, crystal: 
arrangement, i.e. , Ca?* 


tetrahedral sites. This is 8 : 4 arrangement, i.e.,each Ca** ion is 
surrounded by 8 F~ ions and each F ~ ion by four Ca™ ‘ions. 


Fig. 4.51 Fluorite structure-Structure of calcium fluoride 


Structure of Sodium Oxide: {Naz0}—Antifluorte 


Structure a 

- Sodium oxide -has wie structure. The strnctire is | 
similar to the structure of calcium fluoride with the difference _ 

. that the anions occupy the positions of cations and vice-versa. 

" (i) It has cubic close packing arrangement of 07 

these ions are present at the corners and at the centres of all the 

'” six faces of the unit. Sodium ions on the other hand, are present at- _ 


ihe sites of all the tetrahedral eee 


ions. This structure is. 


. packing and Fe?* 


The Ca?* ions are. atranged in ccp 
ions are present at all corners and at the. 
centre of each face of the cube. The fluoride ions occupy all the 


ions, ié.,. — 


(ii) Each Na®* ion is surrounded by four O*- ions and each 
©? ‘ion is surrounded by eight Na* ions. Thus, ago has 4:8 
coordination structure. : 

Other examples with antifluorite structures are : 

C1,0, Na.S, K,0, Es. ees etc. 


: Structures of Oxides of Iron 


Iron is known to form three major oxides, which are FeO, 
Fe,0;, Fe,0,. These oxides are interconvertible due to 
oxidation and reduction. Non-metal excess non-stoichiometry is 
also known in these oxides. el structures of these oxides are 
very interesting. 

1. Structure of FeO : This oxide has a structure like rock salt 
(NaCl). Oxide ions (oO? ) form a: face-centred cubic close 


ions occupy all octahedral voids. It is a perfect 
rock salt type structure with formula FeO: This oxide is known to 


’ form non-metal excess non-stoichiometric compound with the 


composition Fe 950 (Wustite). In the non-stoichiometric © 
compound some of the Fe?" ions s present in octahedral voids are - - 
replaced by Fe** ions. Three Fe" ions will be répii ed d by t two © 
Fe** ions to maintain electrical neutrality. : me 
[Normal Spinel Structure.: Spinel is the coninon name of. 


; ‘the mineral, MgAl,0,. The. crystal structure of this. mineral is 


also called spinel, structure. In this type of structure, both 
tetrahedral and octahedral voids are simultaneously occupied. © 


; General formula of the compound having spinel structure is” 


AB,O, where‘ 4’ stands for a divalent cation and‘ B’ stands fora -- 
trivalent cation: It has a cubic close packed arrangement of oxide . 
ions. Half of the octahedral voids are occupied by trivalent | 
cations and one-eighth of ihe tetrahedral voids are Gcrupied by 5 
divalent cations. He 

Ferrites are the spinel type seingaunns having the general Ys 
jor AFe3O, ‘where A stands for divalent cation such as 


-. Zn2*, Ferrites are used for making powerful, permanent’ and 


non-rusting magnets. Ferrites are pa in nlennones and memory 
units of computers. ] 


2. Structure of Fe,0, : Magnetite, Fe,O,, is considered as a 


- mixed oxide. It contains mixture of FeO and Fe,0,. It has an 


inverse spinel structure. Oxide ions (0? ai face-centred 


By cubic arrangement. ‘Dipositive ions (Fe?* ) are Present. in 
octahedral voids and tripositive ions (Fe** ) are equally 
distributed among tetrahedral and octahedral voids. — 


Number of 07" ions in the unitcell = =4 
Thus, Number of tetrahedral voids ne _=8 
. .-and Number of octahedral voids =4 


Number of Fe" ions present in octahedral void = 1 
-. - Number of Fe** ions present in tetrahedral void = 1 
” Number of Fe" ions present in octahedral void = 1 
Thus, half ofthe octahedral: voids are occupied by Fe?" and 
Fe** ions and one-eighth of the tétrahedral voids are occupied by 
Fe** ions. 
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3. Structure of Fe,0, : If all the Fe?* ions are replaced by’ 


Fe** ions, then as every three Fe * ions can be replaced by two 
- Fe** ions to maintain electrical neutrality, the ratio between Fe 
and O will now be 2 : 3, ie., we get Fe,O3. 


Properties | of lonic Crystals 


(i Physical state: Ionic crystals are crystalline wolides at 
room temperature. They are never liquids or gases under ordinary 
" temperature and pressure as the ions do not have freedom of 
- movement. : : 

Since, high energy is required to eee cations and : anions 

from one another from their alloted positions on account of very 
strong electrostatic forces of attraction, the ionic crystals ‘are 
. quite hard, have low volatility and have high melting and 
- boiling points.. 
(ii) Electrical conductivity: Tonic crystals are insulators, 
' £e., do not conduct electricity i in solid state. The reason is that 
ions are held firmly in fixed positions in the crystal lattice and 
cannot move when electric field is applied. However, when 
melted they become good conductors of electricity, i.e. , ions 
are free to move-in liquid medium. 

(iii) Solubility: Tonic crystals are soluble in las solvents 
or.solvents having high values of dielectric constant. They are 
insoluble in non-polar solvents. When they dissoKi ve in non-polar 
medium colloidal solutions are formed, e.g., Na@Fin kerosine oil. 
_ The dissolution of an ionic crystal in-a polar sol 
the relative magnitudes of lattice and hydration’ 

MX (s) + Energy —>M* (g) 
(ionic crystal) (Lattice energy) . “ot . 4 


M* (g)- + x (Solvent) —~ iM (Solvent) , y+ aE riergy 


(Solvated ion) _ (Heat of hydration) 
Xx” (g)+ p (Solvent) ——> [X (Solvent), + Energy 
(Solvated ies _gsHeat of hydration) 


The ionic compound will be soluble if total \iydration energy 
is higher than lattice energy. 

Ionic crystals are good conductors in molten state or when 
dissolved in water. 

(iv) Brittleness: onic solids are highly brittle in nature. 
When external force is applied, these are easily broken into 
pieces. Ionic solids are composed of parallel layers which contain 

cations and anions. When external force is applied, one layer 
slides a bit over the other and like ions come in front of each 
other. Due to repulsion between two layers the ionic solid breaks 
down. 

lonic crystals have high density due to close caine 

(v). Isomorphism: 
structure, i.e., show isomorphism if the ions (cations and anions) 


have same electronic configuration. NaF and MgO are 


, isomorphous compounds. 
Na* |. Fo and = Mg™ “oe 
285° Bei. 28° Be 


2. Covalent crystals: In covalent crystals, the lattice points 
are occupied by neutral atoms either of same element or of 


lonic crystals possess same crystalline 


different elements. These atoms are held together by covalent 
bonds. Covalent crystals are of two types: 

(i) The covalent bonds extend in three-dimensions forming a 
giant peepee structure. Examples are diamond, silicon 
carbide (SiC), aluminium nitride, etc. 

In diamond, each carbon atom is sp*-hybridized and thus, 


covalently bonded to four other carbon atoms present at the four 
corners of a regular tetrahedron. This leads to a rigid 
three-dimensional network. The entire crystal is regarded as one 
large carbon molecule and is called a macromolecule. The 
structure of diamond explains the properties such as high density, 
non-conducting nature, extreme hardness and high melting and 
boiling point of the diamond. 


®@ Carbon atom 


Fig. 4.52 Structure of diamond 


(ii) The covalent bonds extend in two-dimensions forming a 


_ giant layer, These layers are then held together by van der Waals’ 


forces. Examples are - ‘Brephite, boron nitride (BN), cadmium 
iodide, etc. 


In graphite, each carbon is sp 2 hybridized and is thus bonded 
to three carbon atoms in the same plane. The C—C distance is 
1.42 A which is intermediate between single bond distance (1.54 
A) and double bond distance (1.33 A). The unit cell consists of a 
hexagon of six carbon atoms. The unit cells are interlocked 
giving a layer or sheet structure. The distance between two 
adjacent layers is 3.35 A. The structure explains the properties of 
graphite such as being soft, good conductor of electricity, flaky” 
and slippery. 


Fig. 4.53 Structure of graphite 
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In general, the packing of atoms in covalent crystals is loose in © 


comparison to ionic and metallic crystals. Thus, covalent crystals 
have open structure. 


3. Metallic crystals: The métallic crystals have positive 
metal ions as lattice points surrounded by a sea of mobile 
electrons. Each electron belongs to a number of positive ions and 


each positive ion belongs to a number of electrons. The force that. 


binds a metal ion to a number of electrons within its sphere of 
influence is known as metallic bond. Metallic crystals mostly 


belong to cubic face-centred (fcc), cubic body-centred (bec) and 
hexagonal close-packed (hep) systems. Metallic crystals exhibit 
the following properties: - 


(i) Good conductors: On account of the presence of 
mobile electrons, metals are good conductors of electricity. The 
electrical conductivity decreases with increase of temperature. 
This is due to the fact that positive ions also begin to oscillate 
with the increase of temperature. The oscillation of positive ions 
hinders the movement of mobile electrons. Metals are also good 
conductors of heat. 


(ii) Lustre: When freshly cut or scratched, most of the 
metals have a shining surface. When light falls on freshly cut 
surface, the electrons get excited. The excited electrons give off 
energy in the form of light when they return to their original 
position and hence the metal looks bright. The metallic properties 
are explained on the basis that the metallic bond is 
non-directional and non-rigid. The result is that M "* ions can be 
easily moved from one lattice site to another. The nearest 
neighbours can be thus changed easily and new metal bonds can 
be formed readily. This explains why metals are malleable and 
ductile. 


(iii) Physical characteristics: Most of the metals are quite 
’ hard and tough. They are malleable and ductile. They have high 
tensile strength. Except alkali metals, they have high melting and 
boiling points. They also possess elasticity. 


4, Molecular crystals: In molecular crystals, the lattice points 
are occupied by molecules which do not carry any charge. The 
forces responsible for binding these molecules are dipole-dipole 
attractions and van der Waals’ forces. Dipole-dipole forces are 
present in solids when polar molecules occupy the lattice points as 
in the case of water. van der Waals’ forces are more general and 
occur in all kinds of molecular crystals. The binding energy in 
molecular crystals is, therefore, weak. Molecular crystals show the 
following general properties: 


(i) They are generally soft and easily compressible. 
(ii) They have low melting or boiling points. 


(iii) They are bad conductors of electricity as the electrons are 
localised in the bonds. 


(iv) They have low density. 


The following table provides a comparative summary of the . 


properties, of various types of crystals: 


| as 


Prope a Ionic | Covalent Metallic Molecular 
P | :erystals | erystals crystals crystals 
. Constituent [Positive and |Neutral [Positive ion Molecules 
‘particles - [negative atoms in _ polar 
occupying. jions — - \sea of or non-polar 
lattice electrons 
points 
- Binding Electrostatic Shared Electrostatic /Weak polar 
force ‘attraction jpairsof attractions —_fforces or van 
electrons [between [der Waals’ 
. ‘\positive ions jforces 
; _ jand electrons 
- Hardness (Hardand [Very hard /Hard or soft [Very soft 
brittle 
- Melting and |High Very high |High or low |Low 
boiling es 
points 
- Electrical (Bad _: (Bad Good | Bad 
conductivity |conductors; |conductors |conductors |conductors - 
Good with few. 
conductors lexceptions 
in fused 
state or in 
solution ; 
. Examples {NaCl, Diamond, Cu, Na, Fe Ice, solid 
_KNO;, graphite, metals. CO, 
‘CaF, carborun- 
dum 
4.24 IMPERFECTION IN SOLIDS 


An ideal crystal is one which has the same unit cell containing 
the same lattice points across the whole crystal. Any departure 
from perfectly ordered arrangement of constituent particles | in the 
crystals is called imperfection or defect: 

Perfect of ideal crystals can exist only at absolute zero or zero 
Kelvin. At absolute zero the crystalline substances have zero 
entropy, i.e., have no randomness. Above absolute zero, entropy 
or randomness increases, i.e., some deviations from perfectly 
ordered arrangement takes places. 

The. imperfection may be intrinsic or extrinsic. Crystalline 
defects can profoundly after the properties of a solid. material. 
Imperfections or defects not only alter the properties but also give 
rise to new characteristics. Extrinsic defects dué to presence of 
certain impurities give rise to interesting changes in the 
properties. For example, gem stones are crystals containing 
impurities that give them beautiful colours. The presence of Fe>* 
ions makes sapphire blue and Cr** ions presence makes ruby red. 
(Gems are actually crystals of Al,O, which is colourless). 

There are mainly two types of imperfections. 

1. Electronic imperfections 

2. Atomic imperfections. 
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1. Electronic Imperfections - 
This type of imperfection arises due to — arrangement gee 


of electrons in the crystal Structure. At 0 K (absolute zero), the 


” group 16 of the periodic table. These combinations are not purely 


~ electrons j in both ionic and covalent solids are present in fully 


occupied lowest energy orbitals or states and these electrons do 


‘not move under the influence of applied electric field. However, ~ 


when temperature. is raised above 0 K, some electrons may 
occupy higher energy states. For example, in crystals of pure 


. silicon or germanium, some electrons are released from the 


covalent bonds above 0 K. These free or mobile electrons 
become responsible for electrical conductance. The bonds from 
which the electrons have been removed on heating become 
electron deficient and these are referred to ‘as holes. Like free 


electrons, holes also conduct electric current. Holes in an electric: . 


field move in a direction opposite to that in which electrons 
move. Both electrons and holes present in the solids give rise to 
electronic imperfection. Electrons and holes are denoted by the 
symbols ‘e’ and ‘h’ and their concentrations are represented by 
n and ‘p’. In pure covalent solids like silicon and germanium, 
the number of free electrons and holes will be equal. Electrons 
and holes can be obtained preferentially according to the 
requirement by adding appropriate impurities. 

Silicon and germanium are the elements of group. 14th; ‘ttige, 
they have maximum covalency of four. A number of solids can be 
obtained by the combination of the elements of groups 13 and 15 
or groups 12 and 16 to get average valency of four as in silicon 
and germanium. Examples are : InSb; AIP; GaAs. In these 
materials, In, Al and Ga belong to group 13 and Sb, P and As 
belong to group 15 of the extended form of the periodic table. 
Other examples are : ZnS, ‘CdS, ‘CdSe, HgTe. In these materials, 
Zn, Cd and Hg belong to group 12 and S, Se and Te belong to 


covalent but’ possess an ionic character due -to difference in the 
electronegativities of the two elements. These combinations 


‘ show interesting’ electrical, magnetic and optical properties 
_which have been’ utilised in the electronic. industries for 


photovoltaic cells, light emitting tiodes, thermocouples and 


semiconductors, etc. 


i 2. Atomic Imperfections or Point Defects. 


When the deviations exist in the regular or periodic arrange- 


* ment of the constituent particles (atoms or ions) ‘in the crystal, 


these defects are termed atomic imperfections or point defects. 
These defects are caused by the following points. 
(i) When some of the constituent particles are missing from 
their normal positions, these umogeub ee eer are termed 
holes or vacancies. 


. (ii) When.some of the constituent naiistes are missing from 


their positions and these particles have shifted either to interstitial 


_ vacant sites or to positions which are meant for other particles. . 


- Types of point defects : Point defects are oeites into the 
sae ies Nees - 
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(A) Defects in stoichiometric crystals, 
(B) Defects in non-stoichiometric ae cryatale 
(C) Impurity defects 


(A) Defects in stoichiometric crystals 


The crystals in which cations and anions are exactly in the 
same ratio as indicated by their molecular formulae are termed 
Stoichiometric - crystals. Points defects do not alter the 
stoichiometry of the solid; these defects are called as intrinsic or 


thermodynamic defect. Two types of point defects are observed 


in these crystals : 

(i) Schottky defect, (ii) Frenkel defect. 

(i) Schottky defect : This defect was first observed by the 
German scientist Schottky in 1930. In this defect equal number of — 
cations and anions (from AB type crystal) are missing from their - 
normal lattice sites, i.e., equal number of cationic and anionic 
vacancies or holes will be developed. The. crystal maintains 
electrical neutrality. é 

This defect is usually observed in strongly ionic compounds 


~ which have high coordination number and the sizes of two ions 


(cations and anions) are almost same. 
Examples : NaCl, KCI, KBr, CsCl, AgBr etc. 


Cation "Anion 
vacancy vacancy 


QOOO|W 
OOOO} 
OOOO 
OOOOO 
©0008 


(b) Schottky defect 


©OO@® 
OOOGOO 


COOO® 
OOOSO 
OOOOH 
OOO@O@® 


(a) Ideal crystal 
Fig. 4.54 


In 1 cm® of NaCl there are 10” ions and 10° Schottky a 
thus there is one Schottky defect per 10'° ions. 

Consequences of Schottky defect “ah & 

- (a) Due to Schottky defect, the Cansity of crystalline solid 
decreases. 

(b) Lattice energy and thereby sess of the crystalline solid 
decreases. - 

" (c) Entropy i increases. 

(ii) Frenkel defect : This defect was Reveal aad sillied 
by a Russian scientist, Frenkel, in 1926. This defect is caused if © 
some of the ions (usually the cations) of the lattice’ occupy 
interstitial sites leaving a corresponding number of normal 
lattice sites vacant. This defect creates vacancy defect at original 
site and interstitial defect at new site. Frenkel defect i is also 


called dislocation deféct. 


ond 
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Cation 
vacancy 


Cation occupying 
interstitial site 


©6-©-6-6 
Fig. 4.55 Frenkel defect in the crystal 


Main conditions for Frenkel defect are: 
'—+—» Coordination number should below... 

——» Size of anion should be bigger than cation. 

Examples:: This defect is not found:inzalkali metal halides 
because cations and anions have almost equal sizes and cations 
cannot be accommodate in interstitial sites. This defect is mainly 
found in transition metal halides like AgCl, AgBr, Agl, ZnS, etc. 
Silver ion (Ag* ) being smaller in size can be accommodated in 
interstitial site. AgBr shows both Frenkel and Schottky defect. 

Corisequences of Frenkel defect 

(a) There is no change in the density of the solid. 


(b) There is increase in the dielectric constant ds. the like” 
charge ions come closer. 


(c) The solids having Frenkel defect show conductivity snd 


: diffusion in solid state due to presence of vacant lattice sites. 
(d) Lattice energy and thereby stability of crystalline solids 


decreases. 


(e) This defect influences. the chemical properties of ionic 
compound. — 


(f). Entropy of the solid increases. 

Thermodynamic facts about point. defects in ateichio: 
metric solids : 
intrinsic or thermodynamic defects. 

Number of point defects increases with temperature. The 
number of defécts formed per unit volume (cm? )‘ 7’ is given by, 

as = NeW! /2RT 

where, Ne = number of sites per unit volume (cm? ) which 
could be left vacant 

- W = Wark necessary to create a defect 
‘T = Absolute temperature © ; 


Electrical conductance of crystals increases’ due to point 


defects. When potential difference is applied to the solid then 
ions may move from the lattice sites to occupy the holes or 
vacancies. Such movement - is responsible for electrical 
conductance. 


Difference between Schottky and Frenkel defect 


Schottky defect - Frenkel defect 


1. Equal number of cationic and/Some ions are displaced from. 
anionic vacancies are present in |normal lattice sites to the intersti- 
this defect. . tial sites. 


Frenkel and Schottky, defects are also called as 


“heating the metal halides. in the atmosphere of alkali metal 


fy 


i Density is lowered in this defect. | Density is unaffected in it. 


3. Dielectric 
- Same. 


constant remains/| Dielectric constant increases.. — 


"4. It is shown by those ionic.com-|It is shown by those ioni¢ com- 


pounds which have high coor-'pounds which have low coordin- 
dination number, sizes of cations ation number and size of cations 
and anions are almost equal. _| is smaller than size of arttons. 


'  (B) Defects in non-stolchiometric solids . - 


The compounds in which the number of positive and negative - 
ions are not exactly in the ratio as indicated by their chemical 
formulae are called non-stoichiometric compounds. Non-stoichi- 
ometric solids are also known as Berthollide compounds. 

Examples : 

’ (i) Ferrous oxide FeO exists in non-stoichiometric form as 
Fey 9sOcalled wiistite. 

(ii) Vanadium oxide: has non-stoichiometric formula VO,, 
where x lies between 0.6 and 1.3. _ 

(iii) ZnO exists as a non-stoichiometric compound. having. 
excess zinc. 

_ (iv) Stoichiometric compounds like. NaCl, KCI, etc., can be 


- non-stoichiometric under suitable conditions. 


The defects which bring change in overall chemical 
composition are termed as non-stoichiometric defects, In such 
crystals, there is excess of either positive particles (cations) or 


negative particles (anions). However, the crystal as a whole is 


neutral in nature. If positive particles are in excess, the charge is 
balanced by the presence of extra electrons. In case the negative 
particles are in excess, the charge is balanced by acquiring higher 
oxidation state by metal atoms. 
‘-Non-stoichiometric defects are of two types: . 
1. Metal excess defect, 2. Non-metal.excess defect . 
‘1. Metal excess defect : In this defect, metal ions or: cations 
are in excess. This defect may develop © on account of the’ 
following two ways : 


(a) Anion yacaiicies : A negative ion may be missing from its 


lattice site leaving behind a vacancy or hole. This vacancy or hole 


is occupied by an extra electron to maintain electrical neutrality.. 


.This defect. is somewhat similar to Schottky defect but differs in 


having only one hole and not a pair as . cola case. 


©0860 
OOOO. 
6-©-©-©-© 
©0000 


| Fig. 4. 56 Metal excess defect due.to. 
anion vacancy 


~ Anion vacancies. in alkali metal halides are produced by ~ 


ra 
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vapours. Metal atoms get adsorbed on the surface of the metal : 


halides. Halide.ions move towards the surface and combine with 
‘metal ions formed by the adsorbed atoms on account of their 
ionisation. The electrons released in the process diffuse into the 
crystal and.occupy anion vacancies. The electrons trapped in 
anion vacancies are referred to as F-centres. ‘F’ stands for 
Farben, a‘German word, meaning colour. Greater is the number 
F-centres, more is the intensity of colour. For example, non-stoi- 
chiometric sodium chloride with excess sodium is yellow, non- 
stoichiometric; potassium chloride with excess of potassium is 
violet and non-stoichiometric; lithium chloride with excess of 
lithium is pink. 

(b) Excess cations occupying interstitial positions’ Metal 
excess defect may also be developed by the presence of extra 
cation in the interstitial site. Electrical neutrality is achieved by 
an electron presence in another interstitial site. This defect is 
similar to Frenkel defect. For example, when ZnO is heated, it 
loses oxygen and turns yellow. 


Zn0—> Zn™* +(1/2)0, +2¢ 


@-©)-0-© 


© ©8 
O©-O-© 
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_ Fig. 4.57 Metal excess defect due to the presence of 
extra cation in the interstitial position 


The Zn* ions thus formed occupy interstitial sites and the 
electrons occupy the neighbouring interstitial sites. The crystals 
having metal excess defects contain few free electrons and, thus, 
such solids act as semi-conductors. 

2. Non-metal excess or metal deficiency defect : These 
contain lesser number of positive particles than negative 
particles. These defects arise due to cation vacancies or anions 
occupying interstitial sites. the extra negative charge is balanced 
by oxidation of some of the nearby metal ions. Thus, this defect 
occurs when metal shows variable valency, i.e., especially in the 
case of transition metals. Examples are : FeO, FeS, NiO, etc. 
Crystals with metal deficient defects are semiconductors of 
p-type. 

(C) Impurity defects in ionic crystalline solids 

A defect in an ionic solid can be introduced by adding foreign 

lens If the impurity ions have a different oxidation state than that 


©OOO©@ 
(OO0O0@ 
@OOC- 
COOOOO 


Fig. 4.58 impurity defect 


- occupied by Ca** or Sr?* 


of the host ions, vacancies are created. For example, if molten 


‘NaCl containing a little SrCl, or CaCl, as impurity is allowed to 
_ cool, some lattice sites will be occupied either by Ca7* 


ions or 
Sr?" ions in-place of Na* ions. For every Ca** ion or Sr” ion, 
two Na” ions are removed in the crystal lattice in order to 
maintain electrical neutrality. Thus, one of these lattice sites is 
ion and the other site remains vacant. 

Cationic vacancies developed due to introduction of impurity 
cause higher electrical conductivity of ionic solids. Addition of 
about 0.1% SrCl, to NaCl increases the electrical conductivity 
by 10000 times. Solid solution of CdCl, and AgCl is another 
example of this type of impurity defect. 


Electric Properties of Solids 

On the basis of electrical conductivity, solids are divided into 
three categories: 

(i) Metals (ii) Insulators (iii) Semiconductors 

Metals have conductivity 10° ohm7! cm™! and insulators 
have 107"? ohm™! cm™!” 

Metals: Metals have free electrons and fixed kernels at 
their lattice sites: 


MoM" +. ne 
" kemel “ free electrons 
Free electrons make the metal good conductor of electricity and 
heat. Conductivity of metals is nearly independent of impurity of 


metals. Resistance ratio may be taken to check the impurity level 
of metals, i: €.,P 399x /P 42x - Conductivity of metals depends on 


* number of valence electrons, ie., number of free electrons 


produced by the metal. 


Nature of Metallic Bond 


A metal is regarded as group of positively charged metal ions 
packed as closely as possible in a regular geometrical fashion and 
immersed in a sea or pool of mobile electrons. The attraction 
force that binds the metal ions and mous electrons is called, 
metallic bonding. 

1. Conductivity: When potential difference is applied 
electrons (mobile) conduct electric current. It has been observed 
that the conductivity of most of the metals decreases with 
increase in temperature. At high temperature, positive metal ions 
start vibration and create resistance to the flow of electrons; thus 
resistance of metal increases. 

Good thermal conductivity of metals can also be explained on, 
the basis of mobile electrons. 

2. Opaqueness and lustre: Mobile electrons. absorb 
quantum energy of visible light and become excited; when . 
excited electrons return to normal state, visible light is evolved. 
Since, the light is fully absorbed by metal hence it is opaque. 

3. Elasticity: On applying mechanical stress, temporary 
deformation of the metal crystal takes place and the kernels with 
their electron cloud return to their original position as soon as 
mechanical stress is removed. 

4. Microproperties of metals: 


Some other properties of 
metals are summarised ahead: : 


WwW 


(a) Metals possess high tensile stress. 

(b) Metals are usually hard and solid. 

(c) Some metals like alkali and alkaline earth: metals show 
photoelectric effect, i.e., ejection of electron from metal surface 
when exposed to light of appropriate energy. 

(d) Metals have low ionization energy. 


(e) Strength of metallic bond depends on the following 
factors: 
Strength increases with: 
(i) increase in number of valence electrons, 
(ii) increase in charge on the nucleus, 
(iii) decrease in size of positive metal ion. 
Valence band: Group of electrons containing valence 
electrons. 
Conduction band: The free electrons for conduction 
constitute conduction band. _ 
Band structure of metals may be given as shown in Fig. 4.59. 


: Conduction band 
Valence band 


Conduction band 
Valence band 


Fig. 4.59 


There is no energy gap between valence and conduction band, 
ie., width of forbidden zone is zero. Thus, as soon as potential 
difference is applied electrons jump to conduction band from 
valence band and conduct electric current. All valence electrons 
are free to conduct electric current. When temperature is raised 
conductance of metals decreases because at high temperature 
kernels vibrate and create obstruction in the flow of electron... 

Semiconductors: Conductivity of semiconductors is: inter- 
mediate between metals and insulators. These are of two types: 


Free electron on heating 


Conduction band - 
Forbidden zone 
Valence band 


Fig. 4.60 


(i) Intrinsic semiconductors: These are insulators at room 
temperature and become semiconductors when temperature is 
raised. 


STATES OF MATTER : | 269 


On heating, some covalent bonds are broken to give free 
electrons. These free electrons make it semiconductor. 
Width of forbidden zone in semiconductors is very low; thus 


“on heating, electrons are easily tossed to conduction band from 


valence band and conduct electric current. 


(ii) Extrinsic semiconductors or hinpurity 
semiconductors: These.are formed by dopping impurity of 


~ lower or higher group. 


n-type Semiconductor 

Dopping of higher group impurity forms n-type 
semiconductor, e.g., when ‘As’ is dopped to ‘Ge’, an extra 
valence electron of arsenic makes the mixture n-type 
semiconductor. Current carriers are negatively charged, hence 
called n-type. 


Extra valence 
electron forming 
n-type semiconductor 


Conduction band 
Donor level 
Valence band 


Fig. 4.61 


ee Semiconductor 


Impurity dopping creates donor level just below the 
conduction band. 


On applying potential difference, electrons jump froth donor 
level to the conduction band and conduct electric current. 


p-type Semiconductor 
Impurity of lower group creates acceptor level just above the 


‘valence band. When- electrons jump from valence band to 


acceptor level, a p-hole (positively charged hole) is created in 
valence band. On applying potential difference, these p- holes 
conduct electric current. 


ee il 
~. Ge. 
Ge p-hole 
a “ a“ 
~ _Ge (electron 
Ge. ~ deficient 
2 ‘G ew band) 


\ 


p-type Semiconductors 


Conduction band 
Acceptor level 
Valence band 


Fig. 4.62 p-type Semiconductor 
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Pa 1 fe. 


Insulators: | Such substances do not conduct electric current; 


their conductivity is very low. Width of forbidden zone between . 


valence and conduction band i is vary big;. hence electrons are not 
tossed from valence 
band to conduction: . 
band. On heating. 
they decompose but - 
do not give free. ~~ 
conducting - 


Shanon band 
Forbidden zone 
bibs band 


Fg 4. 63 
electrons. ‘ : 
Examples: Classification of transition metal oxides | 
, "Metallic , "Semiconductors ; _ Insulators 
See VO: FeO, V,05 MnO 
TiO _.Fe,03, Mn,0, 
_ Co3;04, Mn30,4 | 
CrO, --Cuo 
2 Cu,0- 


TiO sail NbO become Apccondalors at low. temperature, ; 


about 2K. 
425. MAGNETIC PROPERTIES | 


an) Paramagnetic Sollds 


The presence of oné or more unpaired électrons i in an abeie: 
molecule or ion gives rise to paramagnetism. Such materials are 
weakly attracted in the field. When they are placed in a magnetic 
field they become parallel to the field. Domain significance of 
"unpaired electrons are given below: 


(In presence of magnetic field) 


(in abserice of magnetic field) 
_ Fig. 4.64 
Resultant mignee: field for n-unpaired dlections may be 


calculated as: 
by = yan 2) 


The magnetic field produced by unpaired electrons i is due to— 
(a) their spin and (b) their orbital motion. 


Magnetic moment is foeasniee in Bohr Magnetgn ( BM) 
eh, 


.* Hs = 1.73 BM (one unpaired electron) 
‘48 Ug 2.83 BM (two unpaired electrons) — 
Us = = 3.87 BM (three unpaired electrons) 
Us =4.90BM (four unpaired electrons) 
- 5.92, 6.93, 7.94 values for five, sixand seven saipanteal 


electrons respectively. 


(ii) Diamagnetic Solids 


The solids, which are weakly repelled by external magnetic 
field, are called diamagnetie solids and the property thus 


exhibited i is-called diamagnetism. 


: “In diamagnetic solids, all electrons have paired spins, i.e., only 
fully: filled orbitals are present. Examples are : NaCl, TiO,, 
ZrO,, KCI etc. Some diamagnetic solids like TiO, show para 
magnetism due to presence of slight Hon stoichiotielsy: 


(lii) Ferromagnetic Solids 


The solids which are strongly attracted by external magnetic 
field and do not lose their magnetism when the external field is 
removed, are called ferromagnetic solids. The- PORT thus, 
exhibited is termed ferromagnetism. 

: Ferromagnetic substarices can be pernanely: magnetised. 
Only: three elements, iron (Fe), cobalt (Co) and nickel (Ni) show 
ferromagnetism at room temperature. Some other examples are : 


EuO, CrO,, etc. CrO, is the oxide used to make magnetic tapes 


for use in cassette recorders. 


Ferromagnetism arises due to spontaneous “alignment of 
magnetic moments due to unpaired electrons in the same 


direction as. shown below (Fig. 4,65). 


4 Parallel spin 
(spin in the 
_- Same direction) 


Fig. 4.65 Ferromaignetism 


Mechanism of magnetisation of ferromagnetic substances: 
Unpaired electron in-one atom interacts strongly with unpaired 
electron of neighbourhood atom, thus they align themselves 
spontaneously in a common direction in a small volume of solid . 
called domains. Magnetic moments of all atoms in a domain are” 
parallel to each other hence the domain possesses a net magneti¢. 
dipole moment. In absence of external magnetic field, the 
direction of magnetic moments in different. domains are 
randomly oriented in different direction. When external magnetic 
field is applied then the domains in which the magnetic: moments 
are parallel to external field, expand at the expense of remaining 
domains and ultimately all the magnetic moments align 
themselves i in the direction of external magacue field, 


External magnetic field 


ee a 


Fig. 4.66 Magnetisation of Seat substance 


(iv) Antiferromagnetic Solids 


The solids which are expected to show: paramagnetism or 
ferromagnetism on the basis of unpaired electrons: but actually 


_STATES OF MATTER 


solids. 


TUTTI 


Fig. 4.67 Antiferromagnetism | 


4 Parallel spin 
~ 4 Antiparallel spin 


", Magnetic moments are aligned i ina compensatory way So as to 


give zero net magnetic moment. Antiferrémagnetism is due to the. 


_ presence of equal number of magnetic moments in opoae 
. directions as shown above (Fig. 4.67). The importans ex 

are : MnO, MnO, , Mn, 03,.NiO, CoO, etc. 

w) Ferrimagnetic Solids 


The solids which are expected to show large magnetism due to 


. the presence of unpaired electrons but in fact have small net — 


magnetic moment are called ferrimagnetic solids. 
Ferrimagnetism arises dué to alignment of magnetic moments 
in parallel and antiparallel directions in unequal numbers 


resulting in some net magnetic moment, ae alignment has been | 


shown aa (Fig. 4. 68). 
"Table 41 


Properties . Information 


have zero net magnetic moment are called anilferrommnetic 


_ where M = Zn, Cu, Mg, etc. 


ples. 


1 4 Parallel spin _ 
‘ oy Anica epin . 
aw oo. 


‘Fig. 4.68 Ferrimegnetism pi 


oe 


Examples are ; Fe;04 aind ferrites of the formula Mm *Fe,04 ~ 


Influence of temperature on magnetic character « of 
All magnetically ordered solids. (ferromagnetic, - antiferro- 
magnetic and ferrimagnetic) change into: paramagnetic state on 
increasing temperature. This is due to Tandomisation of their 


spins. The following examples explain this point: 


@ Ferrimagnetic’ solid, FeO: Becomes paramagnetic wheri 
heated to 850 K. 


(ii) : “Antiferromagnetic solid, M0, becomes paramagnetic : 


_ when heated to 750 K. 


‘It should be noted that each (er ciicee solid. tind: a. 
characteristic temperature above which it becomes parathagnetic. 


The’ characteristic kempeianite is called oe point for Curie 


temperature. 


“Magnetic ub ides of Solid at a Ces. 


1. Diamagnetic 
ms only paired electrons. 


2. Paramagnetic 


3. Ferromagnetic — 


these solids change to paramagnetic solid. 


4. Antiferromagnetic |In these solids, unpaired electrons align themselves in 
such a way that resultant magnetic moment is zero. 


aA 


. Ferrimagnetic 
there is a net magnetic moment. 


. 


: Repelled weakly in magnetic field. Such ‘solids’ have 
Have unpaired electrons; weakly attracted in magnetic 
- field, They cannot be permanently magnetised. 

Also, have unpaired electrons. Strongly attracted in 


magnetic field. Such solids can be permanently magnet- 
ised. On heating to @ temperature called Curie Point, 


Unpaired electrons align themselves in such a way that 


| Magnetic siigaiseat Example Application 
WAAL "Benzene, NaCl, ~: Insulators.“ 
a ae) TiO, Vi05, etc. oe ae : é 
ne eats - ! 0:,¥O, CuO, TiO ; Electronic devices 
TERT LET Fe, Ni, Co, CrO, © |CrO, is used in au- 
a? dio, video tapes. 
TITLTITL . \cr,0;, CoO, Co;0,, |Used in the instru- 
Fe,03, MnO, MnO, |ments of magnetic 
‘5 susceptibility 
measurement 
TLLTLITIL | Fe,0,, ferrites 
: OR .- aa 
TTLIITTLLITTy 
, and so on 
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Table 4.2 Dielectric Properties of Solid at a Glance _ 


Properties ‘Information 


+- 


Example _ Application 


Dipolar. property | 


When a crystal of dielectrics is subjected to 
‘| mechanical stress, then small magnitude cur- 
rent is produced. It is called direct 
Piezoelectric effect. 


1. Piezoelectricity 


2. Anti piezoelectricity In some solids, electric field develops me- 
: chanical effect. 


| Piezoelectric crystals having permanent di- 


3. Ferroelectricity 
_ _ [poles are said to possess ferroclectricity. 


4. Anti ferroelectricity | Piezoelectric crystals with zero dipole: are} 


'said to possess anti ferroelectricity. | 


5. Pyroelectricity | Some polar crystals produce electric impulse | 


Development of charge in Quartz and 
|some part of‘crystal. 


Used in mechanical 
electric transducer, 
eg., in record player, 
transmission of direct 

‘signals, sounding of 


Rochelle salt 


: sea depths, 
Crystal suffers elastic defor- io 
mation in an electric field 
TEEPE Ba TiO;, KH,PO, Electromagnetic 
Rochelle salt appliances. 
Te tL TL PbZrO, 


Lead zirconate 


= | Crystals of tartaric Used in fire alarms, 


on heating. 


’ Superconductors 
. Copper and most other metals are good conductors of 
electricity. But even the best conductors present some resistance 
to the flow of electricity and a part of electrical energy is 
converted into heat energy. Thus, generators, turbines, motors of 
all kinds, transmission lines and other electrical equipment 
always operate at less than 100% efficiency. | 
A superconductor is a material that loses all electrical 
resistance below a characteristic temperature called the super- 
conducting transition temperature, i.e, a superconductor 
presents no resistance to the flow of electricity. 
Electrons move freely through a superconductor without any 
resistance or friction. 
This phenomenon was discovered, in 1911, by the Dutch 
scientist Heike Kamerlingh Onnes, who found that mercury 


abruptly loses its electrical resistance when it is cooled with ~ 
liquid helium to 4.2 K. Below its critical temperature (7, ), a - 


superconductor bécomes a perfect conductor and an electric 
current, once started, flows indefinitely without loss of energy. 
Most metals become superconductors at very low temperatures 


(generally around 2-5 K), but this temperature is far too cold for ; 


any commercial applications. 

Since, 1911, scientists have been searching for materials that 
svpérconduct or at higher temperatures and more. than’ 6000 
superconductors are now known. Niobium alloys are particularly 
good superconductors and in 1973, a niobium alloy, Nb; Ge, was 
found to show superconductivity at 23.2K. The situation changed 
dramatically in. 1986 when Miiller and Bednorz reported a T, of 


35K: for the non-stoichiometric barium lanthanum copper oxide, 
Ba,La,_,CuO,, where x has a value of. about 0.1. Soon 


acid — - and thermostat 


thereafter even higher values of 7, for other copper containing 
oxides : 90 K for YBa,Cu,0,, 125K for TI 2Ca,Ba,Cu,0ji9 
and 133 K for HgCa,Ba,Cu,0,,,.[YBa,Cu 0, is also called 
1-2-3 compound, i.e., 1 yttrium, 2 bariums and 3 coppers]. 
Room temperature ‘7.’ superconductors are yet to be 


' discovered. The great advantage of these materials that offer no 


electrical resistance is the elimination of heating effects as 
‘electricity passes through. The energy saving and efficiencies 
that would be realised are substantial. Superconducting coils of 
wire could store electricity (in principle) forever, since no energy 
is lost. Thus, the energy can be tapped as needed. One of the most 
dramatic properties of a superconductor is its ability to levitate a 
magnet. When a superconductor is cooled below its 7, and a 
magnet is lowered towards it, the superconductor and magnet 
repel each other and the magnet hovers above the superconductor 
as though suspended in midair. The potential application of this - 
effect will be in the high speed magnetically levitated trains. 
Some applications of superconductors already exist. For 
example, powerful superconducting magnets are essential 
components in the magnetic resonance imaging (MRI) 
instruments used in medical diagnosis. Superconductors are. also 
used to make the magnets that bend the path of the charged 
particles in high energy particle accelerators. All the present 
applications, however, use’ conventional superconductors 
(T, $20 K). Of course, the search goes on for materials: with. 
higher values of T,. For applications such as long distance 
electric power transmission, the goal is a material that super- 
conducts at room temperature. 
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eo Example 1. 


Sopftion: In hexagonal closed packing, the packing 
efficiency is 74.05%, 


Me - Density of matter = Packing fraction x Total density 


- 2 493 9 62 L93gem? 
100 


Ysempty space = 100 ~ 74.05 =25,95% | 
Example 2, The unit cell length of NaCl ts observed to be 


0. 0.3627 nm by X-ray diffraction studies: the measured densty of . 


NaCl iy 2.164 gem. Correlate the difference of observed and 
calculated density and calculate % of missing Na* and El” tons. 
Solution: We know that, : 
8 a? xd xN 
M ae 
where, Z = number of constituent units per unit cell 
= 4in fee 
a = edge length = 0.5627 x 10°? em 
' d =density. 
N = Avogadro's number 
M = molar mass 
(05627 x 107)? xd x 6023x107 _ 
_ Sate: I 
~ §8,5 
d= 2,1808g/em? 


Observed density = 2.164 g em? which is less than ealeulated 
density because some places are missing, 
Actual constituent units per unit eell eatt be ealeulated an: 
_ (0:5627 x 1077)? & 2.164 x 6,023 x 10” 


_ 


+ 59 
ae = 3,96 
| po units = 4 = 3,969 0.031 

% missing a -“ x 1008 0, 778% 


Example 3, dna cubie lattice, thé closed packed structure 
of mixed oxides of the lattice ts made up of oxide tons ; one eighth 
of the tetrahedral voids ave vecupied by divalent ions (A™* ) 

while one halfof the octahedral voids are occupied by trivalent 
tons (B** ), What ts the formula of the oxides ? ; 
Solution: Let there be 8D 07" In the erystal, 
- Octahedral voids = 80, 


Tetrahedral voids = 160 


od 


ae ons = 5 x 160 20 


There is a collection of crystalline substances 
in a hexagonal closed packing. If the density of matier ts 
2.62/ cm’, what would be the average degsity of matter in 
collection? What fraction of space is actually unoccupied | ? 


BP fons = 5 x 802 40 


A BX OF = 20:40:80 
=1;2:4° 
» Formula i is AB,O4. 
. Example 4. 411425°C, Fe crystallises in a sp bocyicenind 


ns lattice whose edge length is 2.93.4. Assuming the atoms to 
be packed spheres, calculate : 
(a) the radius of the spheres, . » 
(b) the distance between centres of neighbouring spheres, 
‘(c) the number of atoms of Fe per unit lattice and 
(d) the total volume occupted by an atom of Fe. 
Solution: (a)'aV3 = 4r where, a = edge length 
moe 2.93%V3 i oega 
(b) Distattce betweeti the centres of f neighbouring spheres 
Py = 2x 1.268= 2.537 A 
(c) No. of atoms per unit ceil = Bx 4+ l= 2, 


(d) Volume oecupied by an atom of iron = 94 nr’. 


“‘Exumple 5. In face-centred cubic ( fec) crystal laitice, 
edge length of the unit cell is 400 pm. Find the diameter of the 


greatest sphere which can be fitted into the interstitial void | 


without distortion of lattice. (IIT 2005) 


Solution: 1h fee unit cell, we can use 
avd = 4r , , 
pa id, 40x 2 | 141.4 pm 
4 4 ‘ 
For octahedral void, 
r+ R)sa 
2R2a=2r 


; IR = a = 2p 2 400~ 2x 141.4= 197.16 pm 
__ Diameter of greatest sphere = 117.46pin. 
.* Bxanple 6, The distance between planes of ions parallel 
to the face of the unit ceil of sodium chloride is 282 pou. The. 
smallest angle of refleetion observed in the X-ray diffraction 
pattern iy 5.97°. Caleulate the wavelength of the incident 
radiation: ; 


. Solution: Usitig Brage’s equation, 
“HA = ad in B 
1x A = 2% 289% 10°? sin 5.97 
A= 5.86% 102!) m= 58.6 pm 


.' Bxainple’?: s€1 hae eubie structure of ions in which Cs* 
ion is present in the bedy-centre of the eube. If density is 399 2 


en: 
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i Z 


. (a). Calculate the length of the edge of a unit cell. 


(6) What is the distance between Cs* and Cl ~ ions? 
(c) What is the rages of Cs* ion if the radius of CI~ ion is 
180 pm? 
Solution: We know that, 
eBoy als 2 - 
a xpxN. 
a Z=———————— 
(a) “M 
Z=1, 1Cs* +1CV =1CsCl 
M = 168.5 7 
pa 2X 3.99 6.023 x 107° 
168.5 
a= 4.123x 10" an=412pm 
fo) Distance between Cs* and Cl” ions 
03. sas =3568pm 
(©) 4% Tage Flee = 356.8 
- 7+ + 180= 356.8 
7 176. 8pm 


Example 8. If NaCl is on with 10° wil per cent of - 
: SrCly , what is the concentration of cation vacancy ? 


Solution: 
= s Na* cr sNat* cr 
cr : cl Na* 
Sr** clr sNat "ec 
cr Na* cr Na* 


Number of cationic vacancies per mol 


_ 10% x 6.023 x 107 


= 6.023 x 10'® vacancies per mol 
100 


a ~ Example 9. A metal crystallises into two cubic phases, 
_ face-centred cubic ( fec) and body-centred cubic (bec) whose | 


unit lengths are 3.5 and 3.0 A Rane Calculate the ratio of 


_ densities of. ‘fee and bee. a 1999) 

--Soliition: Density of fec = 2X At-mass 
_ deat _ Av.no. x Vy 

and density in bec = et ee 
is Av. no. x V5 

4 hc Z, yy 
For feo ° Z, =4; Y, =a? =(3.5x 10%) 
“Forbes © Z, =2; Vz =a =(3.0x10°) 


dg, 4x (3.0x10°) 
digs. 2RGSKI0O” 


; 


= 1.259 
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Example 10. A solid AB has the NaCl structure. If radius 
of the cation A* is 120) Lag calculate the maximum value of the 
radius of the anion BS. 

Solution: . Since, NaCl has octahedral structure, 


an 


The limiting ratio FA. = 0.414 


; +o 
ee -~.  _ 120 


_. Example 1. You are given marbles of diameter 10 mm. 
They are to be placed such that their centres are lying in a square 


. bond by four lines each of length 40 mm. What will be the 


arrangement of marbles in a plane, so that, maximum number of 
marbles can be placed inside the area. Sketch the diagram an 
derive expression jor the number of n marbles per unit area. 


(liT 2003) 
Solution? In order to accomodate maximum number of 
spheres, there should be hcp (hexagonal closed packing). 
Area of square having spherical marbles = 16cm? 
Maximum number of spheres = 14 (full) + 8 (half ) - 


Number of spheres = 18 


Per unit area (per cm”) = ~ =1.125 


Length PQ of square = 4cm_ 
Length-PR = 5+ 4 x 4V3 = 40mm=4cm 


cD= 10 sin go? = 13 = 3/3 . 


‘Example 12. Calculate the density of diamond from the 


fact that it has face-centred cubic structure with two atoms per 


lattice point and a unit cell of edge length 3.569 A. 


Somer: Z=8,M=12 
Pe xp x 
jl 
ZM 8x 12 
Density = = aa aa aun 
1°N  (3.569x 10°)? x 6.023 x 10” 


* 


= 3.506g em” 
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- Example 13. An element crystallises into a_ structure 
which may be described by a cubic unit cell having one atom at 
each corner of the cube and two atoms on one of its diagonals. If 

' the volume of this unit cell is 24x10 cm? and density of 


element-is 7.2¢/cm>. Calculate the number of atoms present in. 


_ 200 g of the element. 
Solution: Number of atoms in a unit cell (Z )=1+2= 3 
: I?xp xN , 
gu EXPN ssf 
; M 
a I?xp xN 
gaa 
‘ Z . 
~24 23 
_ 24x 10 x 7.2 x 6.023 x 10 = 34.69 
.3 
Number of atoms = X 6.023 x 107 
Molar mass : 
_ 200 


ae 6.023 x 107? = 3.47 x 10 


Example 14. Analysis shows that nickel oxide has formula 
Nig 930. What fraction of nickel exist as Ni?* amd Ni>* ions? 


Solution: Let number of Ni** ions = = 
Number of Ni’* ions = (0.98 - x) 


Since, molecule is neutral, its total charge is zero. 
(43 x x) + (0.98 - x) x 2~2=0 


x= 0.04, ie, Nit =0.04, Ni* =0.94 


~ Example 15. Calcium crystallises in fuce-centred cubic 
unit cell with a = 0.556nm. Calculate density if 


(i) it contained 01% Frenkel defect. 
(ii) it contained 0.1% Schottky defect. 


Solution: (i) Frenkel defect does not alters the density of 
solid. . 
_ MZ 40x 4 
[2N (0.556% 107 ie x 6.023 x 16 
= 1.5455g/¢em? 
(ii) Schottky defect lowers the density of solid 


zag 4X Ol, 


= 3.996 
40 x 3.996 ; 
(0.556x 1077 y x 6.023 x 10” 
; = 1. 5440 g/ cm? 
“* Example 16. Density of lithium atom is 953 ‘gicem*. The 


see length of Li is 3.5A. Find out the number of lithium atoms in 


a unit cell. Atomic mass of lithium is 6.94. 
. (CBSE- PMT (M ains) 2005] 
aaxpxN, 
M 


Selution: Z= 


[Molecular mass of n butane = 58] 


| | 275 
_ B.5x 10° 3 X 0.53 x 6.023 x 107 
6.94 a 


= 2 
~ Example 17. Cu metal crystallises in face centred cubic 
lattice with cell edge, a = 361.6 pm. What is the density of Cu 
orysial ? Gipare: mass of copper = 63.5 amu, N 4 = 6.023 x 107°) 
[CBSE-PMT (Mains) 2008] 
_ Solution: We know | 


pee xdXxN, 
MM. * - 
ZM cn 
ree aes a . i) 5 
aN, ; 


M=63.5gmol'° 
@= 361.6 x 107! om; N, =6.023x107 


 Z=4 for fcc unit cell : 


Putting these values in (i), we get 
oe sa ————_, = 8.94 4 g com=? 
~ (61.6x 10"! y’ x 6.023 x 10” 
‘Example 18. An LPG cylinder selon 14.8: re when 


empty. When full, it weighs 29 kg and shows a pressure of 2.5 
atm. In the course of use at 27°C, the weight of the full cylinder- 


reduced. to 23.2 kg. Find out the volume of n-butane in cubic ~~ 


metres used up at 27°C and-1 atm. / 
: |CBSE-PMT (Mains) 2008] 
Solution :Mass of n-butane used = 29. 23.2 =5.8kg 


Number of moles of butane used = eaiall 


Se 100 
58 
y= : ART = 100 x 0.0821 300 
Po -— 1 
= 2463 litre 
= 2.463me . - 
- Example 19. ry,+ and To- Tepresents radius of Na‘ and, 


CI” ions respectively. If ‘n’ is the number of NaClunits per unit aa 


cell then give the equation you will use to obtain molar volume. 
Seeges -PMT (Mains) 2009] 


" Edge length of unit cell ‘a = 2(n, Reg ) 


Volume of unit cell = a? = 8(n, a for y 


Solution: 


Volume occupied by one ble of NaCl 


3 

&r a thy.) 

Ee Na Cl xN, 
n 7 mie 


where Ny = 6023x108 


Example 20. Two gases A and B of mass 706g and 1 61 Sg 
(M,, of A = 32and M.,, of B = 20)are mixed. Then total pressure 


_ of mixture is 25 bar. Calculate partial pressure of A aid B. 


jCBSE-PMT (Mains) 2009] 


70.6 


Solutien: Number of moles A,n4 = ae i: 


eo seen seinen ce gee Ap eyOMA EMRE EE ORAM RET EORATEN LEB RT Te TE aS 


|, OF 


fe 276 | 
Number of moles of B,n3 = = = 8.375 
~ Partial pressure of gas A, p, May p 
Hy thp 


AO er ETL 8 AE AL NT 
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se ae 
2.248.375 
Pp = 25-520= 198bar 


x 25= 520bar 


_ SUMMARY AND IMPORTANT POINTS To REMEMBER 


1. Maiter: Matter is anything which has mass and 


occupies space. Matter exists in three states, viz., solid, liquid and _ 
gas. Any substance can exist in either of the three states 
depending on temperature and pressure. Liquid and solid states . 


are condensed states as they have much higher densities. Both 


"8 liquids and gases: are eae 3 as fluids as they have flowing 


ability. 


“De Gaseous state: ‘It is the simplest. state and shows 
greatest uniformity in behaviour. The gases show almost the 


_ Same behaviour irrespective of chemical nature, colour or odour. 


The molecules in a gas possess random motion in all directions. A 


-» -gas has neither a definite shape nor a definite volume. Gases are 
- characterised by low density, high degree of compressibility and 


expandability. Gases exert uniform pressure on the walis of the 


.container, They diffuse rapidly and intermix .to form 


homogeneous mixtures, All gases obey. certain laws called gas 
laws. 


3. Gas laws: Gas laws are based on experiments. 
(i) Boyle’s* law: It states that the volume of the given 


‘ amount of a gas is inversely povpertioual to its pressure at a 


a ee ree 
| Vor or. PV =constant or PV, =P, =P =... 


eee ae 
4, d, 


, where; “d, and: d, are the densities of a gas at pressures P and Py. 
. - The curves" between’ PandV at “constant emipoatate are 
__ hyperbolas and called isotherms. 
(ii} Charles’ law: - At constant pressure, the volume of a. 
given amount of a gas is directly propertcmat to its absolute 


a ae Pa 2 OS od 
= Ver or constant or Va Vas YI 
=f fC, t fT, Tf, 


Absoite: temperature scale or r Kelvi in scale starts with 27°C 


"as ZerO. 


: Absolute temperature (in K). = 2734+ °C | . 
_ The absolute zero is that temperature where no. gas can exist. 


3 The plots of volume against ierperatyre (at constant aaa , 
. are termed as isobars, ” a oe 


(iii) Pressure law or Gay-Lussac lagy: At constant 
- yolume, the pressure of a given amount of a gas: ‘varies directly as 
, its eae temperature. ~ 


Per. or Lameeeeren or ALB LB 
iT. ,: Ih Ts 


(at constant temperature) : 


(iv) Gas equatioiis, - = constant 


For one mole of an ideal gas, PV =RT 
For n moles of an ideal gas, = PV = nRT 


‘For wg of the gas (mol. mass M ), 


PV = RT 
M 
w RT RT , 
or : P=——=d xX —. d = densi 
VM o*M ¢ y) 


Ris a universal gas constant. It is expressed in the units of work 
per degree kelvin per mol. Value of & in different units is 


R = 0.0821 litre -atm K7! mol"! 
= 82.1mL-atmK! mol 
‘= 8.31410" etg K mol"! 
8.314JK7 mol! 
= 1.987 2cal K~! mol! 


(v) “Avogadro’s law: Equal volumes of all gases contain 


‘ equal number of molecules under similar conditions of 


temperature and pressure. Volume occupied by one mole of any 

gas at NTP (0°C and 1 eit is termed molar volunie, It is 22.4 . 

litre or 22400 mL. - 

[Note : At 25°C and 1 bar, one mole,of a gas has a volume of 25 litre.] 
(vi) Dalton’s law of partial pressures: . The total pressure 


“exerted by a mixture of gases which do not react chemically is 
- equal to the sum of their individual pressures (partial Beeute 


under similar conditions of temperature. 
PsP. +P, +P, + 
Partial pressure of a gas = = Molar fraction 
x Total pressure of the gas 
{vii Graham’s law of diffasion: hhe property of gases to 


_ mix with each other to form homogenéotis mixture irrespective of 
gravity is called diffusion. Effusion is a special case of diffusion 


in which gas passes through a small aperture. 

Under similar conditions of temperature and pressure, the 
relative rates of diffusion of gases are inversely proportional to 
the square root of their densities or Vapour densities or molecular 
masses. This is‘'Graham’s law of diffusion. 


ne fa. MD. [My 
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’ 4 Kinetic theory of gases: The theory with the help of 
which behaviour of gases can be interpreted mathematically is 
termed kinetic theory of gases. The main postulates of the theory 
are: 

. (a) All gases consist of very large number of smalt spherical 
elastic particles called molecules. These are in constant rapid 
motion in all directions. 

(b) There is a lot of empty space between the schbeiess The 
actual volume of gas molecules is negligible in comparison to 
total volume. of the gas. 

(c) The pressure exerted by the gas molecules is due to its 
recerded by molecules against the walls of containing vessel. The 
collisions between gas molecules are perfectly oe ie., there 
is no loss of energy during collisions. 


(d) There is no effective force of attraction or repulsion 


between gas molecules. There: is no effect of g Bearhy on the 
motion of gas molecules.’ 


proportional to the absolute temperature of the gas: 
On the basis of above postulates, the following equation, 
known as kinetic gas equation, has been derived. 


PY= LI mnc” 
; 3 : 
where, P = pressure; V = volume; m= mass of gas molecules; 


n= number of gas molecules and c = root mean square speed of 
the gas molecules. 


1 2_24 2_2 
Also PV =RT=-— =o-e =— KE: 
so ; mc 35 mnc 3 KE. 
or KE=>RT => PY 
2 20 
KE of single ingiseuie= == 3 RT 
2N 
. = ar 
2 
where, k = Boltzmann constant. 
5. Molecularspeeds: There - three kinds of speed. 
(a) Root mean square speed: is the square root of the — 
mean of the squares of the speeds of fee CaN. 
gas. 


4 2 2 2 2 
| Hey Hey Hit 
mse=-c¢c= pee ee ee 

n . 
- Per - Ea pe 
“¥ M 


(b) Average speed: It is the Ee mean of speeds of 
the molecules present in the gas. 
Res EH Cg Hs Fete 48RT 
; ag : n aM 


= 0.9213 x ms 


* 


~. (c) Most probable speed: It is the speed possessed by 
majority of the gas molecules. It is equal to 
oe cep R164 came) 

_ Most probable speed, Average speed : rms speedy 

; 222: 8.128: 1224 i 

6. van der Waals’ equation: It is an improved form of 
ideal gas equation. It has. been derived after applying two 
corrections due to two. wrong assumptions in kinetic theory of 
gases. Two corrections are: ; 

i) volume correction, ¥, =(V — band : 


(ii) pressure correction, P, = Py, + a N 


The equation i( + =) (V —b)= RT foronemole — 


{22 
. and [P + =] (¥ —nb}= nRF Re*w moles, 
(e) The average kinetic energy of gas molecules i is directly. . ye) 


a and bare constants. Units of @ are atm lit mol or Pa m°® 


mol? and ‘units of b are litre or dm* or m°. This equation is 
applicable ta real gases. 


Real gases: These do not obey various gas laws strictly 
under all conditions of temperathre.and pressure. Deviations are 
large under high pressure and low temperature. 

Ideal gases: These obey laws sity under all conditions. 
Actually no gas ts ideal. . 


(a) At very low pressure or at very high temperature, V is - 
large, so > and b can be neglected. The equation becomes 


PY = RT, iecke gas behaves like ideal gas. 
(b) At moderate pressure, ¥ is not so large and —; cannot Be + 


neglected. However, bcan be neglected, so that we have. + 


(* 


(c) At thigh pressure, F is so small that pew be menaced 
but @/F * can be neglected. Hence, 1 i maaarboaares at 
PU - b)= RT 

iS 5 PY =RT+Pb . 
(d} In case of H, and He, the intermolecular fices OF 


atiraction are negligible, i.e., a say al Gat oe be 
neglected. The equation becomes : 


PU -b)= RT 
PY = RT+Pb . 


S.\reRr 


preer f° 
4 . 


Te ‘Compressibility factor: 
real gas from ideal behaviour is expressed, ‘in terms of . 
mk apa factor, Z. ° : 


» 


PY 
Z=——; Zi is unitless anti 
Rae ART 3 : iene a : ni 
(i) For ideal gas Z= 1. 
(ii) For real gas Z #1. 


“When Z <1, there is negative deviation from ideal Behaviour. 


and the gas is more compressible than ideal-gas. . 
- ‘When Z>-1; there-is positive deviation* ‘rong ideal behaviour 
_ and the gas is less compressible than ideal gas“, ” 

. 8. Critical phenomenon: () Critical temperature is that 
temperature’ above which: the gas cannot be liquefied with the 
'. help of pressure (ii) Critical pressure is the minimum. pressure 


"required to liquefy the gas at critical temperature (iii) Critical 


_ Nolume is the volume occupied by one mole of the gas at its 
- eritical temperature and critical | pressure. , 
of ae Te = __ 84° 
27h" - 27bR | 
. Boyle’s temperature: ‘Ttis the ienperaiiie above which the 


gas behaves likes an ideal gas. In terns, of ‘van der Waals’ 
. constants, 


Y.=3i Pe 


ae Ma 
a 


Bost’ temperature (Tz ae re is 


. ake oe i a 7 T, ot 
Inversion femiperatate: iti is $ the temperature to which the 


Looe gas should be cooled so that expansion is oa a by further 7 
"|. cooling. *. 


oe Molar. Gibat capacity:: It is the auaiiiiy of heat 
required: to raise, the hoa arcana of one mole of a substance 


Cae Be poe we 2 


” Molar heat :capacity:. = Specific heat capacity x Molar maass 


@. Molar heat capacity at constant pressure (Cp): Itis |. 


‘ the quantity of heat required to raise the temperature of 1 mole of 
Bas through 1°C under constant pressure. It is equal to 54 R. 


oo Gb. Molar heat capacity at constant volume (C v)i iti is. 
* the quantity of heat required to raise the temperature of 1 mole of... 


gas eae 1°C under constant voluine. It is equal to 34 R. 


: | ep = Cy=R 
2 oe Cp 
For monoatomic gases, ae #Y= 1 .66 
. For diatomic gies! sa Cp AAR _ 1.49 
and for triatomic gases, a pS 133 
Cn et TEA oS os Cy : 6R 3 : 
ini eat Pa X (Cp), +n (C 
(Cr ) srixture i 3) (Cos 
RS ee ny +1; 
_ 10.) Volume coefficient; oy = ofits 


Vo Xt: 


The extent of. ‘dBabon of a 
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- ; 1 . Ne P = 
a; =—— (forall gases) 
y= ~ 373 ( gases) 
At constant pressure, increase in volume of a gas per, denies 


_ rise of temperature per-cc of gas at 0°C is. called coefficient of | 


volume expansion. . ade the pressure. coefficient Op is 
defined as, 


Op = oPicPs =-—— ° (for all gases) 
Py Xt oa a 

Gi) CO, No, C,H, and B,H, have same molar mass (28) and 
show same rate of diffusion under identical conditions. 

(iii), Atmolysis is the process to separate two gases on the 
basis. of difference in their densities and rate of diffusion. - 
. (iv) Average molecular. mass of air is 29. If a gas has 
molecular mass less than air, it is lighter than air and if it has 
molecular mass greater than air, it is heavier than air, e.g., Cl 
(71), CO, (44) and SO, (64) are heavier than air, while My Q), 


- He (4), NH, (17) and HO (18) are lighter than air. 


11. Transport phenomena of gases: 


wx (i) Collision diameter. (0) = Distance of closest “approach 
ie when t two molecules are under collision. 


aod . i 


ante ra 
ed 0 eel fe 
: . 9 


‘(i Collision number: Tt is the number of collisions of a a 
molecule with other molecules i in one second. 


J2nv,, 0°N 
V 
- where, v,, = Average velocity of molecules 
N= Number of molecules 
‘V = Volume of molecules 
(ii) Collision frequency (2): 


N.= 


It is the number of iiseuiae 


collisions taking place per second per unit volume of the gas. 


me 
Ze Ky oO: a) 
aa M2 Vy 


(iv) Mean free path ae: 


a” 


Iti is the average ‘distance travelled 


perce two successive collisions. _ : > ee 


= one | 


‘Vel @ constant pressure). 


ate 


oe . (at constant temperature) © 


ok 


‘I . iat 
Ao (at constant femperature cad pressure) - 
oO 


42. Liquid state: Liquid state is condensed gas or molten - 
solid. Liquids have definite volume but no definite ca ti 
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Liquids diffuse slowly and are almost t incompressible. Some 
important properties of liquids are: 

{) Evaporation: 
liquid changes into vapours at the surface of liquid. It increases 
with increase of surface area, increase in temperature and 
decrease in intermolécular forces. It causes cooling. 

ar ure It is the pressure exerted: by the 
vapours of a “iguid “i in equilibrium with the liquid at a 
given temperature. It increases with increase of temperature. 


Gi 


Liquids with low intermolecular forces have high vapour 


pressure. 
GM) Moding point 


pressure of a liquid becomes equal to atmospheric pressure. 


Temperature of the liquid remains constant after it starts boiling - 


as the energy supplied increases the potential energy but its 
kinetic energy remains constant. Boiling point changes with the 
pressure of surroundings. ot : , 

P,) 2303R\T; 7, 


on 


where, AHy = - latent heat of vaporisation; P, and A are vapour 


pressures at T, and 7. 

Gy} Suriacs tension: - It is the force in dyne acting on ‘hs 
surface at right angles to any line of unit length. It secTeases 
eae with increase in fas rt It is sueets inJm™~ or 


Nm?! ordynecm™ Ms 


(a) Surface tension is molecular ehenonieign of liquid 
involving the force of cohesion among the liquid molecules. 

(b) Maximum potential energy of liquid molecules is on the 
surface. 

(c) Surface tension is numerically equal to the surface energy. 
The work required to increase or extend the surface area by 1 sq. 
cm is called surface energy. 

(d) Surface tension is a scalar quantity. 

(e) Sparingly soluble solutes like soap and detergent decrease 
the surface tension of the liquid: However, fairly soluble solutes 
like sugar and salt increase the surface tension of the liquid. - 

(f) Liquid drops are spherical because liquid surface has a 
tendency to acquire minimum surface area. 

(g) Greater is the intermolecular force, more is the ‘surface 
tension. 
€.g., Seap in water < Water < Mercury 

H,O> C,H,OH> CH,OCH, » 
CH, OH aS 
| . CH,OH ‘i 
-CHOH > | >. CH,CH,OH 
Jo CH,0H Ethanol 
CH,OH = , Ghee! : 
Glycerol 

iy) Yiseesity: It is the resistance in a tiguid to flow. The 
force in newton per square metre: required to maintain a 
difference of velocity of one metre per second between two 
parallel layers of a liquid at a distance of one metre from each 

other is called coefficient of viscosity. Itis expressed in g m='s7). 


It is the spontaneous change in which a- 
_ which are one centimetre: apart. It-is expressed in dyne cm 


It is the temperature at whic the vapour A? 


a 
” The force per unit area required to maintain unit difference of 
velocity between two consecutive parallel.layers of the liquid 
2 go! 
or poise. 

The reciprocal of coefficient of Gneen. is called fluidity. 


_ Liquids with kew viscosity are ‘termed mobile while others with 
: “high viscosity are called viscous. Viscosity is high in liquids with - 
* “high intermolecular forces, high molecular masses and having 


branching t in the chain of the molecule. Viscosity decreases with 
increase in temperature. 
(vi) Reynold’s number: The nature of flow of a liquid | 
through a tube depends on the value of Reynold’s number Np. 
2rd p 
N R> 
n 


‘where, r = Radius of the tube 
@ = Average velocity of the fluid 
p = Density of liquid 
1) = Coefficient of viscosity 


Casel: When Nz > 4000, the flow is called turbulent flow. 
Case Hl: When Np <2100, the flow is called larftinar flow. _ : 


_ 13. The solid state: The particles are closely packed and 
are held together by strong intermolecular forces. The particles 
cannot, move at random. They have only. vibrational motion. 
Solids have definite. shape and definite volume. They possess 


_ high density and low compressibility. Solids are divided into two 


classes: (i) amorphous solids and (ii) crystalline solids. . In 
amorphous solids, the arrangement of building constituents is not. 


regular but haphagayd. Their meljing points are not sharps These .- - 


are isotropic in nature, 

- In crystalline solids, building constituents arrange tignselves 
in regular manner throughout’ the entire threé-dimensional 
network. Crystalline solids consist of large number of units called 
crystals. A crystal is defined as a solid figure which has definite 
geometrical shape with flat faces and sharp edges.. It has a sharp 
melting point and anisotropic in nature. 

14. Types of symmetry in crystals: 
planes; axes and centres ef symmetry possessed by a crystal are. 
termed as elements of symmetry. 

(i) Centre of symmetry: — It is an imaginary point within the 
crystal such that any line drawn through it intersects the surface - 
of the crystal at equal distances in both directions.A crystal 


always possess only one centre of synimetry. 


(ii) Piane of symmetry: It is.an imaginary plane shih 


__ passes through the centre of a crystal and divides it into two equal 


portions ‘such that one part ‘is saci the mirrdr image. of the 
other. 


._ (iii) Axis of symmetry: It is an imaginary ‘straigit line 


“about which, if the crystal is rotated, it will present the same 


appearance more than once during the complete revolution. 
- A cubic crystal possesses a total of 23 elements of symmetry. — 
15. Space:lattice and unit cell: The geometrical form 


comseetsis of a Tegular any of points in space is called a space 


se 


“The total némber of 


. 
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lattice or an array of points showing how molecules, atoms or 

ions are arranged in different sites, in threo-dimensional space is” 
called space lattice. 

‘The smallest repeating unit in a space lattice which when 

repeated over and ever again results in a crystal of the given 

substance is termed unit cell. A unit cell possesses all the 

structural properties of the given crystal. The edges of the unit 

Cell are designated as “a, band c, and the angles between three 

imaginary axes as cL, B and y respectively. 

16,. Crystal systems: . Seven types of basic or primitive 
~ unit cells have been recognised among crystals. These are: 

1. Cubic a@=b=e d=f=y=9e NaCl, KCl, ZnS 

2. Orthothombie 4#b#¢ G=A=y= 9, KNO;, BaSQ, 


3. Tetcagonal. “aabac a=f=y=%P NH,Br, SaQ, 
4. Monoclinic @#b%¢ a=y= 9, ‘Monoclinic sulphur, - 
DP NE so Beer —  €aSQ,-2H,0. 
5, Triclinic athe aepeye OP CuSO, 5H, | 
+ ” * oe 380, : 
6. Hexagonal depee a == OP; 


ZnO, Ag. SIC - 
yale 


7, Rhombohedral gene eC =fis = ya OP NaNQ,, CaCO, 


~All orystals do not have simple lattices. There can be 14. 


different ways in which similar paints can be arranged in a three 


dimensional space. Tite crystals belonging to: a gubic system have 


three kinds of lattices: 
(i) Simple cubic Jattice:' There are paints only at the 
corners of gach writs.” 
Gi), Face-centred: cubic. lattice: . 
comers as. well as at the centre of each of the six faces of the cube. 
(iif, Body-centred cubic, lattice: ‘There are points at the 
comers as well as in the centre of each cabe, 


“ot 


_ Type of lattice point = Contribution to one unit cell 
Corner x - 
Edge - 
- Face-contre = % 


Body-ceatre, . 4 
@. Halides of alkali metals except those of Cs, ammonium 
halides, oxides. and sulphides of alkaline earth. metals 
- except BeS and halides of silver oe Agl have rock 
_ Salt NaCl type) structure. 
-© CsCl, CsBr, Col, TICL Tis, TH have CsCl type structure. 


@. CuCl, Cube Cul, Agi, BeS have zing blonde structure 


_ (B08 type). 
* SeCl,, SeF,,-BaCl,, BaF,. CaP 2, HgF, have fluorite 
(CaF ,) structare. 
_@ Na,Q, K,0, NaS, K,S. have antifluorite (Li,O type) 
structure. 


17, Bragg’s Jaw: When X-rays are incident on a crystal 
face, they penetrate into the crystal and strike the atoms in: 


different pint From.each ofthese planes, Se are deflected. 


There are points at the 


Bragg presented a relationship between the wavelength of the 
X-rays and the distance between the planes, 


aA = 2d sin 8 


Where, 7 is an integer such as, 1, 2, 3, ..., 4 is the wavelength, ¢ is 
the distance hetween repeating planes of particles and 4 the angle 
of deflection or glancing angle. 

18, Characte¥istics.of.cubic.systems:. 

(i), Number. of. atoms: per: unit. cell;. (a) Simple cubje 
structure—one atom per unit cell, (b) Face-centred cubic 
structure—4 atoms per unit cell and (c) Body-centred cubic 
structure—2 atams per unit ceil. 


x 
{ii) Density. of lattice matter = nab gu 


No xa 


where, # is the number of atoms in unit cell, A/ is the atomic mass 


- or molecular mass, Ng is Avogadra' s number apd a = edge length 


af the cubic unit cell, ‘ 
(iii). Atomic radius:. 


(a) Simple cubic cell—Radius of atom = = 


2 
(b) Face-centred cubic cell—Radius of atom = 
wW2 


(c) Bady-centred cubic &ll—Radius of atom = 43 a 


19; Close packing of constituents; it refers to the 
arrangement in which constituentajoccupy maximum available 
space. The two common types of close packing are: 

(a) 4B AB... arrangement. This gives hexagonal close 
packing. 

(b)} ABC ABC ., 
packing. 
dn the packing of constituents, same interstitial sites are 
left. These sites are termed voids. The interstitial site between 
four spheres is tetrahedral and between six spheres is octahedral. 

The space occupied by hard spheres in hop; cop (foc) is 74%; 
in bee it is 68%; in simple cubic it is 52% and in diamond it is 


~. arrangement. Fhis gives cubical close 


_ 34%; thus, only fee and hep are close packed structures. 


(i) hep is present in Be, Mg, Ca, Cr, Mo, V and Zn, 

(ii) cop is present in Fe, Cu, Ag, Au, Pt, Al and Ni. 

(iii) bee is present in alkali metals. 

(iv) All noble gases have cep Structure except helium which 
has seek stracture. 

n* spheres are present in packing, then the numbers of 

ees and octahedral voids are 2n and # respectively. — 

20; The. coordination number: The nearest neighbours 


. with which a given sphere is in contact is called coordination 


pamber, It depends upon structure. 
(a) Simple cubic structure: coordination number = 6 
(b) Face-centred cubic structure: coordination number = 12 
(c) Bady-centred cubic structure: coordination number = 8 


ve 
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For ioni¢ solids, the ratio of the radius of cation to that of 
anion is called radius* ratio, The radius ratio for a given 
coordination number is fixed. . 


For radius ratio (0,155— 0.225) coordination oer nees 
For radius ratio (6.225— 0.414) caardination number = 4. a 
For radius ratio (0.414-~ 0,732) coordination aumber = 
For radius ratio (0.732-1.0) coordination number = 


21.. fypes of crystals: Depending upon tie nature of 
forces that hold the constituent particles together-in the crystal 


lattice, crystals are classified into four types: 


(i) Ienic crystals: The forces are electrostatic. The lattice 


points are occupied by positivelyiad negatively charged ions. * : 


These crystals are quite hard, have low volatility and have high 
melting and boiling points, These are insulators but become good 
conductors in molten state. These are soluble in palar solvents 
and highly brittle i in nature, NaCl, KCI, BaCl,, etc., belong to this 
class. 

. (ii). Covalent crystals: The constituent particles. are the 
atoms of same or different elements whigh are held by strang - 
eovalent bonds. These solids are very hard and have very high 
melting points. Diamond and carborundum belong to this class. 

(iii): Metallic crystals: The metallic crystals have positiva, 
metal ions as. lattice points surrounded by a sea of mobile 
electrons, Each electron belongs to a number of positive ions and 
each positive ion belongs to a number of electrons. The force that 
binds a metal ion to a number of electrons is known as metallic 
bond. Metallic crystals: mostly belong to fee, bee and hep 


systems, These are good conductors, possess hastre and are hard, * 


tough, malleable and ductile in nature. 

(iv): Molecular crystals: The constituent units of molecular 
crystals are molecules, The forces holding the molecules are 
weak van der Waals” forces. Molecular solids are soft and 
vaporise easily, These are bad conductors of electricity and 
passess low density. Examples are ice, solid, CQ,, ete. 

22. Defects in crystals:: An jdeat crystal is the one which 
has the same unit cell*containing the: same lattice points 


throughout the whole of the crystal, At absolute zero, the crystals 
are ideal but with.rise in temperature, there is a chance of 
distortion, “The defect may be at a point along a line or over a 
surface, 

(i) Schattky defect: This defect is caused if some of the 
lattice points are unoccupied. The points which are unoccupied 
are called vacancies or holes. The number of missing positive and 


" . negative ions is the same and, thus, the crystal is neutral, Such 


defect is common in ionic compounds with high coordination 
number where the cations and anions are of similar size, e.g. 


~ NaCl, KCl, KBr, ete. 


(ii) Frenkel defect: This defect is based when some of the 
ions of the lattice occupy interstitial sites leaving lattice sites 
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vacant. This defect appears generally in ionic crystals in which 


anion is much larger in size than the cation, e.g., AgBr, ZnS. 
_m Schottky defect, density decreases while in Frenkel defect it 
retains the same. In both the defects, electrical conductivity is 


abserved to some extent. The overall ghemical composition of - 


the substance does not change. Howevgr, there are other defects 
in which there is change in overall chemical combination. Such 
defects are termed non-stoichiometric defects, In such crystals, 
there isexcess of either positive particles or negative pee 
However, the crystal is neutral in nature. 

Positive particle excess defects: (i). A negative ion may be 
missing from the lattice site which is occupied by an extra 


electron. (ii) An extra positive particle is present in the interstitial” 


position. Te maintain neutrality, an extra electron also occupies a 


place in the interstitial space. Such crystals are usually oe 


and semiconductors. 

Positive particle deficiency defect: One of the positive 
particles may be missing from its lattice site, The extra negative 
charge may be balanced if a nearby positive particte acquires 
extra positive charge. Such crystals are also semiconductors. 
Examples are FeO, FeS, NiO, ete. . 

Certain defects in crystals arise due to presence of chemical 
impurities. These are known as impurity defects, ; 
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. Matrix Match Type Questions: 


[A]Match the crystalline solids in Column-I with the 
coordination number of their ions in Column-tI: 


Column-I : Column-II 
(a) CsCl ' (p) Coordination number of cation = 8 
- (b) CaF, (q) Coordination number of anion=4 . 
(c) ZnS ‘(r) Coordination number of cation = 4 
(d) Na,O (s) Coordination number of anion = 8 


[B] The diagrams below depict the different processes for a 
given amount of an ideal gas. Match the Column-I and 


Column-II: 


i — initial state, 
‘f > final state 
Column-I 


Column-II 
(a) Fig. (i) : System proceeding (p) Temperature will ~ 
from initial state to final state © remain constant 
* (b) Fig. (ii) : System from initial (q) Pressure will 
state to final state decrease 
(c) Fig. (iii) : System proceeding (r) Volume will be 
_ from initial state to final state constant 
(d) Fig. (iv) : System proceeding (s) Temperature may 
from initial state to final state increase or © 
decrease or may 
first increase and ~ 


: an then decrease 
[C] Match Column-I with Column-II for ideal gases: 
Column-I Column-II 


(a) If temperature of given (p). Average speed of gas 
gas is increased will increase 


(b) If the pressure of a given (q) Root mean square 
_ gas is increased at speed of gas molecules. 
‘constant temperature will increase 


_ (c) Ifthe density of a given (r) Most probable speed of 
gas is lowered at ° gas molecules will | 
constant temperature increase 


(d) If the volume of a given (s). Speed of gas molecules 
gas is increased at — will not change ’ 
constant temperature £ 


[D] Match the Column-I with Column-II 
Column-I Column-II 


(a) Boyle’s temperature (p) a/Rb 


(b) 5 (inversion temperature) (q) 8a/ 27Rb 


(c) Critical temperature _ () The gas cannot be 
liquefied above this 
temperature, on 

. applying pressure 

(d) Critical pressure (s) a/27b? 

[E] Match the Column-I with Column-II: 
Column-I Column-II — 

(a) Real gas at high | “<) Pi ad RPE? 

pressure 

(b) Force of attraction (q) PV = nRT 

among gas molecules 
is negligible ¢ 
(c) Athigh temperature © (r) Z=1_ 


and low pressure 
an? a 
(d) Real gas at N.T.P. (s) P+ ye (V—nb)=nRT - 


[F] Match the Column-I with Column-II: 


Column-I Column-II 


3 
(a) Internal energy of gas (p) So 


(b) Translational kinetic . (@) Sper 
energy of gas molecules 2 

_(c) The temperature at which = (1) 4273°C 
- there is.no molecular : 

motion 
(d) The lowest possible {s) 3.716 kJ at 298K 
temperature at which gas 
molecules have no heat 


[G] Match the Cofummn-I with Column-II: 


- Column-I Column-II 

(a) NaCl (p) Schottky defect 

(b) ZnS (q) Frenkel defect 

(c) AgBr a) ‘Develops yellow colour on heating 
‘ due to F-centre 

(d) KCI © Develops blue/violet colour.on 


heating due to F-centre © 
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[H] Match the crystalline, solids in Column-I with packing 
‘arrangement in Column-II: 


Colums-I Column-IT 
(a) CaF, . (p)_ Cations are in cep arrangement 
(b) NaCl (q) Anions are in tetrahedral voids . 
(c) ZnS ——__—s (t):s Anions are in ccp arrangement 
(d) Na,O (s) Cations are in octahedral voids 


{I] Match the crystal system in Column-I with unit cell 
dimensions in Column-II: . 


Column-I ~  Column-II 
(a) Cubic (p) a=b=c 
_(b) Rhombohedral (q) a=P=y7= 98 
(c) Orthorhombic () atb¥e 
(d) Triclinic (s) @#Ph#Y 49H 


[J] Match the crystal system in Column-I with Bravais lattice 
in Column-II: 


Column-I Column-Tl 


(Crystal System) (Bravais lattice) 
(a) Cubic . (p) Primitive only 
(b) Hexagonal (q) Primitive, body centred. - 
(c) Tetragonal (rt) Primitive, face centred, body 
centred 
” Orthorhombic (s) Primitive, face centred, body 
centred and end centred 
[K] Match the Column-I with Column-II: 
Column-I Column-II 
BP . 
(a) Root mean square velocity (p) Va 7 
RT 
(b) Average velocity (q) at 
as P 
(c) Most probable velocity () oat 
(d): Velocity possessed by [2RT 7 
maximum fraction of (Ss) Vom 


molecules 


. [A] (a—p,s); (b — p, q); (ce — q, 1); (d —r, 5) 
[B] (a — s); (b — p); (¢ —1); (d —q) 

[C] (a—p, q, 1); (b —s); (¢ — p, 4, 1); (d— s} 
[D] (a— p); (b — p); (¢ —q. 1); (d —s) 

[E] (a—p); (b— p); € —q, 1); (d —s) 

et (a—p, q; 8); (b—p, s); (c oe (d—1) 


. A gas occupies a volume of 250 cm? at 745 torr and 25°C. 
What eiciticn® pressure is required to reduce the gas volume 
to 200 cm? at the same temperature? 

[Aus. 186.25 vale : 

. A vessel of 120 cm’ contains a certain mass of a gas at 20°C 
and 750 torr pressure. The gas was transferred to a vessel of 
-volume 180 cm’. Calculate the pressure of the gas at the same 
temperature. - : 

jAns. 500 torr] 


. A gaseous system has a volume of 580 cm? at a certain 


pressure. If its pressure is increased by 0.96fatm, its volume 
becomes 100 cm’, Determine the pressure of the system. 
[Ans, 0.2 atm] A 

[Hint: Px 580=(P + 0. 96)100] 

. A gas filled freely collapsible balloon is pushed from the 
surface level of a lake to a depth of 50 m. Approximately what 
per cent of its original volume will the balloon finally have, 
. assuming that the gas behaves ideally and anpe ante is same- 
at the surface and at 50 m depth? 


e PRACTICE PROBLEMS ¢ ° 


[G] (a— p, 1); (b — q); (¢ — p, q); (d — p, 8). 
[H] (a— p, q); (b —1, 8); (c — q); (d—q) 
[I] (a— p. q); (6 — p); (¢ —q, 1); (d—1, 8) 
[J] (a—r); (b — p); (¢ — q); (d—s) 

[K] (a—p, ae (c —s); (d—~ s) 


[Ans. = 
(Hint: = Pressure at the surface = | atm 
= 76.0 x 13.6 x 981 dyne/em? 


P, = Pressure at a depth of 50 m 
= 76.0 x 13.6 x 981+ (50 x 100) x 1x 981 dyne/em? 
= 981[76.0 x 13.6 + 5000] 
= 981 x (6033.6) dyne/cm? 
Now apply Boyle’s law, PV, = PV, . 
se Ky = fi . 16.0 13.6 x 981 _ 9 4413 
Vi oP, 981 x 6033.6 


% = 0.1713 x 100 =17. 13] 


5. A sample of gas at room tenperabite is placed in an evacuated | 


bulb of volume 0.51 dm’ and is found to exert a pressure off 
0.24 atm, The bulb is connected to another evacuated bulb 
whose volume is 0.63 dm’. What i is the new pressure ‘of the 
gas at room temperature? : 

fAns. 0.1074 atm] 
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6. 


16. 


1k. 


12. 


13. 


14, 
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It is desired to increase the volume of 800 cm? of a gas by 20% . 


keeping the pressure constant. To what temperature should the 
gas be heated, if the initial temperature is 22°C? 
[Ans. 81°C] 


. Achamber of constant volume contains hydrogen gas. When 


the chamber is immersed in a bath of melting ice (0°C) the 
pressure of the gas is 800 torr. What pressure will be indicated 
When the chamber is brought to 100°C? 

{Ans. 1093 torr] 


Calculate the volume occupied by 4.045 x 10°? molecules of 


oxygen at 27°C and having a pressure of 700 torr, 
[Ans. 17.97 dm*] 
23- 
ae = 0.672; pale atm | 
6.023 x 10° 760 


Now use the gas equation, PY = nRT ] 


[Hint: No. of moles ‘x’ = 


. Calculate the moles of hydrogen present in a 500 cm’ sample 


of hydrogen gas at a pressure of 760 min of Hg and 27°C, 


[Ans. 2.03 x iv mol] 
[Hint: 500cm* = Bs SL, 760 mm of Hg = | atm. Now apply the. 
gas equation, 2 = aa 


Calculate the ene occupied by 4 mole of an ideal gas at 
2.5 10° Nm? pressure and 300 K temperature, 
[Ans. 39.9 dm*] 


[Hint: yan. Given, n=4; R=8314Nm K"! mor: 
T =300;P=2.5x10°Nm7] 4 


What is the volume occupied by 11 g of carbon dioxide at | 


27°C and 780 mm of Hg pressure? 
[Ans. 6 litte] 


[Hint: 780 mm of Hg = 2 atm: w= 11 gM = 44 g mol”. 


w RT 
Now apply F = —- .--—- 
i M re 


A certain quantity of a gas occupies 200 mL when collected 
over water at 15°C and 745 mm pressure. It occupies 182.6 mL 
in dry state at NTP, Find the vapour pressure of water at 15°C. 
[Ans. 13 mm] 

The density of a gas is found to be 2.07 g L at 30°C and 2 


atmospheric pressure, What is its density at NTP? 


[Ans. 1.149 gL) 
D, : D, 

int: App P= RP, BR =— RT, 

sii pply 1 ee uo? 

So. ene s 

. DI, D2, 


At the top of a mountain, the thermometer reads 0°C and the 
barometer reads 700 mm Hg. At the bottom of the mountain 
the thermometer reads 30°C and the pressure 760 mm Hg. 
Compare the density of the air at the top with that at the 
bottom, 


fAns, 1.02: 
(Hint: Density is inversely proportional to volume. 
d. 


be te = BA _ MBX 700 | 02 
YTB BBX TO 


N 


15. 


16. 


17. 


Calculate the volume occupied by 5 g of acetylene gas at 50°C 

and 740 mm of pressure. (IT 1991) 

[Ans. 5.23 litre] 

Calculate the volume occupied by 7 g of Saige? gas at 27°C 

and 750 mm Hg pressure. (ENE 1992) 

[Ans, 6.24 litre] 

A spherical balloon of 21 cm diameter i is to be filled up with — 

hydrogen at NTP from a cylinder containing the gas at 20 atm 

and 27°C, The cylinder can hold 2.82 litre of water at NTP. 

Calculate the number of balloons that can be filled up. 
(MENR 1991) 

[Ans. 10} 

[Hint: Volume of one ballet 


ota 2$x2(2) a 4851 cm* 
Ve ar ae ©: 
= 4.851 litre 


Let 2 balloons be filled; thus, total volume of hydrogen used in 
filling balloons 


=4851xn litre 


. Total volume of hydrogen in the cylinder at NTP, 


18.. 


19. 


20. 


y= 20 x 2.82 x 273. 
300 x 1 
Actual volume of H, to be transferred to balloons 
= 51.324 — 2.82 (2.82 litre retained in the eas 
= 48.504 litre 


No. of balloons filled ‘n 


= $1.324 lite 


_ %. 504 

4851 

An open vessel at 27°C i is heated until three-fifth of the air in it 
has been expelled. Assuming that the volume of the vessel 
remains constant, find the temperature to which the vessel has 


been heated? (MLNR 1990). 
fAns. 477°C] 
{Hint: Both volusne and pressure are constant as the vessel is 
open, , 
de, man nRT, 
. n Tt . 
or Sea teas 
m 7 
3.2 
If | a = mal 35 
$3. 


2 


me 


57 5g 8 B= 750K = =47PC 
300 1 


K gaseous mixture of He and O, is found to have a density of 


0.518 g L! at 25°C and 720 tor. What is the per cent by mass 


of helium in this mixture? 


[Ans. %9.88] 
fHint: First determine the average molecular mass and then 
nurbder of males of helium and oxygen. 

Moles of heliym = 0.665: Moles of oxygen = 0.335 


Mass. per cent of hele = ate ee 
4 x 0.665 + 32 x 0.335 


=ED88} 
A sample of natural gas 1s 85.2% methane and 14.8% ethane 
2 ee ey eS es 
nom He? 
fAns. 0.74eLh7y 


21, 


22. 


23. 


24. 
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[Hint: Molecular mass of mixture, - — - 29. At room temperature, ammonia gas at.one atmospheric 
_ 85.2 14.8. pressure and hydrogen chloride at P atmospheric pressure are 
ve 100 * 1 100 X30 13.632 + 444 = 18, oy - allowed to effuse through identical pinholes from opposite 
PM = dRT ends of a glass tube of one metre length and uniform cross 
_ PM _ 748 18.07 reaction. NH, C1 is first formed at a distance of 60 cm from the 


128 mL of a gas 4 of pressure 500 mm is mixed with 200 mL 


_of another gas B at a pressure of 300 mm in a vessel of 150 mL 
capacity, What will be the total pressure of the resulting - 


mixture if the temperature is kept constant? 

[Ans, 816.67 mm] y. 

Two vessels whose volumes are in the ratio 2:1 contain 
nitrogen and oxygen at 800 mm and 680 mm pressures 

respectively, when they are connected together what will be 

the pressure of the resulting mixture? . * 

{Ans. 760 mm] 

A. 10 litre flask at 298 K contains a gaseous mixture of CO.and 

CO, ata total pressure of 2 atm. If 0.20 mole of CO is present, 

find its partial pressure and also that of CO,. 

[Ans. Partial pressure of CO = 0.49 atm; partial pressure of 

CO, =1,51 atm] 

Calculate the total pressure in a mixture of 4 g of oxygen and 


- 3 gofhydrogen confined in a total volume of one litre at 0°C. 


25 


26. 


‘{Ans. 0,28 atm] 
[Hint: Let , and 2, moles of Ny and O, be present in the 
mixture respectively, 
Average molecular mass of the mixture = oth (i) 
; mM +My 
Average molecular mass from’general gas equation, 
M =2 x RT = 7 0.0821 273= 29.137... (i) 
go, , Bt 32 20.197 or 4 01.137 
ny + Hy my + My 
or 20.28 = mole fraction of oxygen 


27. 


28. 


‘[Ans, 


(MLNR 1991) 


25.18 atm] . 
[Hint: Determine total number of mols and then apply 
PV = MoyRT | 


A gas cylinder contains $5% nitrogen, 20% oxygen and 25% ° 


carbon dioxide by mass, at 760 mm pressure. Calculate the 
partial pressure of each gas. : 
(Ans. 472.8 mm, 150.44 mm, 136.74 mm] 

The density of a mixture of N, and Q, at NTP is 1.3 gL. 


Calculate partial pressure of O,. 


nth 
Partial pressure of O, = 0.28 x 1=0. 28 atm ] 

At a definite pressure and temperature, 100 mL of hydrogen 
diffused in 20 minute. How long will 40 mL of oxygen take to 
diffuse under similar conditions? 

[Ans. 32 minute] 

At a given temperature and pressure, 20 mL of air diffused 
through a porous membrane in 15° second, Calculate the 


. volume of carbon dioxide which will diffuse in 10 second if 


the vapour density of air is 14.48. 
[Ans. 10.8 mL] 


33 


30. 


31. 


32. 


36. 


37. 


end through which HC] gas is sent in. What i is the value’of P ? 


[Ans. 2,198 “a 
[Hint:#c! = x Fact | 
NH, Ve Ve Re. : 


The rate of effusion of an unknown gas (X ) through a pinhole 
is found to be 0.279 times the rate of effusion of hydrogen gas 
through the same pinhole, if both are at STP. What is the 
molecular mass of the unknown gas? [CEE (Bihar) 1991] 
[Ans. 25,69] 

Ina 2 m long narrow tube, HClis atiened to diffuse in the tube 
from one end and NH, from the other end. If diffusion is 
started at the same time, predict at what poirit the white fumes 
of NH,Cl will form? 

[Ans. NH,C! will form at 1.1886 m from the NH; end of the — 
tube] 

The composition of air is approximately 80% N, and 20% 02 
by mass. Calculate density of air at 293 K and 76 cm Hg 
pressure,, ‘ 

[Ans. 1.19 g 17] 

[Hint: Determine first average molecular mass of air and then . 


apply D = Fx a iy 
Calsilete Pee ee energy of one gram mole of nitrogen at 
150°C assuming it to be an ideal gas. 


(Aas. 5.275 x 10'° erg] 


’ Calculate the kinetic enérgy of 5 mole of a gas at 27°C in erg 


and calorie. . 
[Ans. 1.8706 x 10!! erg, 4477 cal] 


. Aglass tumbler containing 243 mL of air at 100 kPa and 20°C 


is turned upside down and immersed in a water bath to a depth 
of 20.5 metre. The air in the glass is compressed by the weight 
of water above it. Calculate the volume of air in the glass 
assuming the temperature and the barometric pressure have 
not changed. 4 


[Ans. 80.7 mL] 

[Hint: Hydrostatic pressure =Axd xg 
= 20.5 1x 9.81 
= 201.105 kPa 

Inside the water bath atmospheric rosette and hydrostatic 

pressure acts: * 

Poa 100 + 201.105 = 301.105 kPa 
PY, = Pi; 
100 x 243 = 301.105 x V, 
V, = 80.70 mL] 


Calculate the rms speed of the molecules of ethane gas of 
volume 1,5 litre at 750 mm of Hg pressure. 

[Ams. 1.225 x 10* cm/sec] : 
The density of a gas at 1.5 atm is 1.52 g L"'. Calculate the rms 
speed of the molecules of the gas. 

[Ans. 5.476 x 10* cm/sec] 


a 


40. 


41. 


4%, 


43. 


44, 


45. 


-[Ans. 


..[Ans. 
; Calcylate ‘the compressibility factor for SO,, if 1 mole of-it 


[Ans. 
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33. At what temperature will the rms speed of hydrogen be the 


same as that of oxygen at 25°C? 
[Ans. 1862K or —254.38°C] 


Calculate the average rms and most probable speed of SO, 


molecules at 27°C. 
[Ans. 3.15 x 10* cm/sec, 3.419 x 10* cm/sec, 
2.792 x 10* cm/sec] 
The average speed at temperature 7, and most probable speed 


at T, of CO, gas is 9x 10" cm/sec. Calculate the values of ~ 


T, and 7). 

[Ans. 1682.5 K, 2143.4 ni 

How many times would the average molecular speed of 
nitrogen increase as its temperature is raised from — 73°C and 
127°C? 

1.414 times] : 

A4; | molar mixture of He and.CH, is coitained in a vessel at 


20 bar pressure. Due to hole in the vessel the gas mixture.leaks 


out. What. is .the composition of the mixture effusing out ° 


initially? aT 1994) - 
[Ans. 8:1] 
(Hint: pal pressure ratio of He and CH,i is 16: 4. 
M 
For diffusion Te. |—CHa y Phe 
CH, Mie Pett, 


ie = [8 ag 
CH, 4 4 


i.e, mole ratio of diffusion for He and CH, is 8 : 1.] 


Pure O, diffuses through an aperture in 224 second, whereas 


mixture of O, and another gas containing 80% O, diffuses 
from the same in 234 second. What is the molecular mass of 
gas?" 

[Ans. 46. 6] 

56 g of nitrogen are Sait to a 6 litre flask at 37°C. 


‘Calculate its pressure using van der Waals’ equation for 
nitrogen. a = 4.17 atm litre? mol”? and b = 0.037 litre mol”. 


[Ans. 8.1175 atm] 
One mole of carbon dioxide was found to occupy a volume of 
1,32 litre at 48°C under a pressure of 16.4 atm. Calculate the 
pressure that would have been expected from: 
(1) the ideal gas equation, 
(ii) van der Waals’ equation. ; 
(a = 3.59 atm litre”. mol”'; b = 4.27 x 10° litre mol”! 
and R = 0.0821 litre-atm K7! mol!) 
(i) 19,96 atm (ii) 18:64 atm] 


occupies 0.35 litre at 300 K and 50 atm pressure. Comment on 
the result. 


(Hint: PY 50 x 0.35 


Z=— = ————_= 0711 
nRT 1x 0.0821 x 300 
Since, Z <1; the gas SO, will be more compressible than ideal 


gas.] 


7. The average velocity of gas molecules is 400 m/sec. Calculate 


its rms velocity at the same temperature. ' (IT 2003) 


434 m/sec] 


% 


48. 


49. 


A chamber contains monoatomic ‘He’ at STP, determine its 
number density. 


[Ans. 2.68 x 1075 m~] 

5.3 
Hint: Number density =— - 
[ er 


(where, Re Boltzmann constant) 


PV =nRT 
aGkN LT 
_=(nxN )AT 
P -nxN fed 
—= = number density 
kT wis ae 
1.01 x 10° 


Number density = = 2.68 x 107 m™] 


1.38 x 10° x 273 
Two perfect gases at absolute temperature 7, and 7, are mixed. 


. There is no loss of energy. Find the temperature of the mixture 
. if masses of molecules are m, and m, and the number of moles 
_of the gases are n, and n, respectively. 


--[Ans. T= aa F 
ny +m 
e 
[Hint: Let final temperature is T 


3 3 3 
= nRT, + = mRT, == (n, + m))RT 
7" 1 5 ae 3 rn) 


an _ mT + mIy 


50. 


$1. 


52. 


53. 


54. 


38. 


; ven 


T 
natn 


van der Waals’ constant ‘b’ for oxygen is 32 cm?/mol. Assume 
b is four times the actual volume of a mole of “billiard-ball” 


_O, molecules and compute the diameter of an O, molecule. 


The speed of ten particles in metre/sec are 0, 1, 2, 3, 3, 3, 4, 4, 
5 and 6. Find (a) average speed (b) the root mean square speed 
(c) most probable speed. 

[Ans. cy = 3.1m sec”, Guy, = 12.5 m sec, Gap = 3m sec™'] 
Using van der Waals’ equation, calculate the constant ‘a’ when 
two moles of a gas confined in a four litre flask exerts a 
pressure of 11 atm at a temperature of 300 K. The value of *b’ 
is 0.05 litre mol. (IIT 1998) 
[Ans. 6.46 atm litre? mol? 


(a) Calculate the pressure exerted by 5 moles of CO, in one : 
litre vessel at 47°C using van der Waals’ equation. Also, report 


. the’ pressure of the gas if it behaves ideally in nature. Given 
‘that a’= 3.592 atm litre? mol”, b = 0.0427 litre mol”. 


(IT 2002) 
(b) If volume occupied by CO,: molecule is negligible, then 
calculate the pressure exerted by one mol of CO, gas'at 273 K. 

(IT 2000) - 

(a) 77.218 atm, 131.36 atm and (b) 0.9922 atm] 
A compound alloy of gold and copper crystallises in a cubic 
lattice. in which gold atoms occupy comers of cubic unit cell 
and copper atoms occupy the centre of faces of cube. What is 


_ formula of alloy compound? 


[Ans. AuCu;] 
A compound formed by elements A and B crystallises in the 
cubic structure where A atoms are at the corners of the cube 


Cae 
OO 


(Aa 
2 


[Anis 
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and B atoms at the centre of the cube. What is the formula of 
the compound? 
[Ans. AB] 


& A foc element (atomic mass = 60) has a cell edge of 400 pm. 


What is its density? 
6.23 gcm” y 


[4s "ELS. 


.. L£XM 
dint: Apply density = 
[i pply density Nox? 
m =107° cm)] 


2=4and V=(4x10%y 


cm}(1 pm =10"" 


27. The face-centred unit cell of nickel has an edge length of 


352.39 pm. The density of nickel is 8.9 g cm’. Calculate the 
value of Avogadro’s number. The atomic mass of nickel is 58.7 
and | pm is equal to 107'° cm. 

[Ans 6.029 x 107] 


. The unit cell of aluminium is a cube with an edge length of 

_ 405 pm. The density of aluminium is 2.70 g cm™*. What type 
of unit cell of aluminium is? 

- [Accus, 


The unit cell is face-centred] 


xM 


[ Hing: y and find the value 


Apply the formula, density = Z 


of Z] 


). A substance forms face-centred cubic crystals. Its density is 


1.984 g cm™® and the edge length of the unit cell is 630 pm. 
Calculate the molar mass of the substance. 
74.70 g mol™'] 


[Ags. 


‘¢. Molybdenum forms body-centred cubic crystals whose 


density is 10.3 g cm™. Calculate the edge length of the unit 
cell. The molar mass of Mo is 95.94 g mol7!, 
Lins. 313.9 pm] 


st, An element crystallises in a structure having a fec unit cell of 


an edge 200 pm. Calculate its density if 200 g of this element 
contains 24 x 107 atoms. 


4.166 gcm™] 


[Hint: Molar mass=— ~~ oy x 6.023 x 10” = 50.19 g mol” 
For fee, Z= 4, V =a? =(200x 10°" 


] 


; 2M 
Apply density = NoxY 


zs The element chromium exists in bcc lattice. with unit it cell “e 


2.88 x 107! m. The density of chromium is 7.2 x 10° kg m™° 
How many atoms does 52 x 107° kg of chromium contain? 
[ans 604x107} 0 0 te “ 


é3. A cubic solid is made up of two elements P and Q. Atoms Q 


are present at the corners of the cube and atoms P at the 
body-centre. What is the formula of the compound? What are 
the coordination numbers of P and Q? 


[ass PQ, 8, 8] 


Otte 


rey 


part 
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A metallic element crystallises into a lattice containing a, 
_ Sequence of layers of AB AB AB... Any packing of spheres 


leaves out voids in the lattice. What percentage by volume of 
this lattice is empty space? 
[Ane. 26%] 

A lead(II) sulphide crystal bas an NaCl structure. What is its 
density? The edge length of the unit cell is: 500 pm. 


_ No = 6.023 x 10”; atomic mass: Pb = 207.2, $ = 32. 


[Ans. 12.708 gem] 


°§. The unit cell of metallic gold is face-centred cubic. 


(a) How many atoms occupy the gold unit cell?- 

(b) What is the mass of a gold unit cell? 

[Acs. (a)4atoms  (b)1.308 x 107! g] 

Polonium crystallises in a simple cubic unit cell. It has atomic 


mass 209 and density 91. 5 kg m7’. What is the cee length of 
its unit cell? 


[Ans. ,15.59x 107° em] 


’ The unit cell of nickel is a fucd-centred cube. The length of its 


side is 0.352 nm. it the atomic radius of nickel. 
[Ans 0.124 nm] _ 


Determine the simplest formula of an ionic compound in 


_which cations.are present at the corners sand the anions occur at 


the centre of each face. 
[ans. AB,; A and B are cation and anion respectively. ] 


0. Sodium metal crystallises ia a body-centred cubic lattice’ with 


cell edge, a = 4.29A. What i is the radius of sodium atom? 


1.8576 A] 
4r= 3a] 


[Ave. 


[Binit: 


7h. Tfthree elements P,Q and R crystallise i ina ‘ibe type lattice 


with P atoms at the corners, Q atoms at the cube centre and R 
atoms at the edges, then write the formula of the compound. 
(Ans. POQR;] 


. The first order reflection of the beam of X-ray from a given 


crystal occurs at 5°15’, At what angle will be the third order 
reflection? 


[Aus. 15°56”] 


. The figures given below show the location of atoms in three — 


crystallographic planes in a fcc lattice. Draw the unit cell for 
the corresponding structure and identify these planes in your 
diagram. . (ET 2000) 


38 GB 80 


(IT 1996) - 


(IIT 1994) 


a 


(c) Boyle's law 
. Accurve drawn at constant temperature is called an isotherm. 


Set-1: Questions with single correct answer 


At constant temperature, the product of pressure and volume: 


ofa given amount of a gas is Constant. This is: 
(a) Gay-Lussac law (b) Charles’ law 
{d) Pressure law 


This shows the relationship between: 
‘at 


(a) Pand 5 (b) PV and V 
(c) Vand = (a) Pand V 
Charles’ law is represented mathematically as? 
@ hake OY, =a 
(= (1472) (a) V, = (1+) 
27 
. Correct gas equation is: © [UGET (Manipal Medical) 2006] 
P. Vy oa ““? 2 
Tie PT, 


- 
2 = PP. 
(c) (d) rT, Py 


V, 
In 7 gas equation, PV = nRT,V is the volume of: 
(a) nx moles of a gas (b) any amount of a gas 
(c) one mole of & gas (d) one gram of a gas 


. Inthe equation of state of an ideal gas PV = rR, the value of 


universal gas constant would depend only on: (CPMT 1991) 
(a) the nature of the gas (b) the units of measurement 
(c) the pressure of the gas (d)_ the temperature of the gas 


. The value of gas constant per degree per mol is approximately: 


(a) | cal (b) 2 cal (c) 3 cal (d) 4 cal 


. Which one of the following is not the value of R? 


(a). 1.99 cal K7! mol! 
(c) 9.8 keal K7 mol"! 


(b) 0.0821 litre-atm K7! mol! 
(d) 8.35 K7 mol 


. One litre of a gas collected at NTP will occupy at 2 
. atmospheric pressure and 27°C; 
(a) oe titre © iy ee line 
2x 273 2 ~ 273 
(c) oil litre -« mi litre 
2x 300 


10. 


11. 


10 g of a gas at atmospheric pressure is ead from 273°C to 
orc ves the aa constant; its pressure would become: 


(a) atm ©) 5 — 3 atm (c) 2atm = d) 273 bin 


562 — nitrogen a 3 g of oxygen are mixed-isothermally 


and a total pressure of 10 atm. The partial pressures of oxygen 
and nitrogen (in atm) are respectively: |PET (Kerala) 2010| 
(a} 4,6 (b) 5,5 (c) 2,8 (d) 8,2 

(e) 6,4 


21. Rate of diffusion of a gas is: 


22. The rate of diffusion of hydrogen {s about: 
(a) ong-half that of helium (6) 1.4 times that of hellum 


(Hint: Meg 2 ped No, - 23 


Ry =n, Frou . 


2 
=——- X10 = 4 atm 
243° ‘ 7 a 
PR, =10-4 =6atm ] 


12. 273 mL of a gas at STP was taken to 27°C wah an hnitreon: 


The final volume of the gas would be: (CPMT 1992) 
fa) 273 mL (b) 300 mL : 
{c) 380 mL (d) S86mL . 

‘13. The density of the gas is equal to: (CBSE 1991) 
(a) nP (b) MP/RT (c) P/RT = (@) MIV 


[P = Pressure; 7 = Volume; T = Temperatures R = Gas 
constant; 2 = number of mole; Af = molecular mass] 


14, The density of a gas is 1.964 g dm at 273 K and 76 cm Hy. 


The gas is: 
(a) CH, 


KCET 2006) 


(b) CH, (©) CO, @) Xe 


15. Compressed oxygen is sold at a pressure of 100 atmosphere it 


a cylinder of 49 litre, The number of moles of oxygen. in the 
cylinder is: e “eG 
(a) 400 (b) 100 (c) 300 (d) 200 

[Hint: One mole occupies a volume approximately 24.5 litre 
under ordinary atrnospheric conditions. ). 


16. If the pressure and absolute temperature of 2 litre of carbon 


dioxide are doubled, the volume of carbon dioxide would 
become: (CBSE 1991) 
(a) 7 litre (d) 2 litre 


(b) Slitte (©), 4 litre 


17. One gram mole of a gas at NTP occupies 22.4 litte as volume. 


This fact was derived from: 
(a) Dalton’s theory 
(c) Berzelius hypothesis. 


(b) aii hypothesis 
(d) law of gaseous volumes 


18. 443 a CO, contains how many litre of CO, at STP? 


- (AFMC 2004) 
(a) 2.4 litre (b) 2.24 litre (©) 44 litre d) 22.4 litre 


19. Five gram éach of the following gases at 87°C and 750 min 


. Pressure are taken, Which of them will have the least volume? 
(MLNR 1991) 


@) HE =) HCC) Be) HT 


20. if molecular mass of O, and SO, are 32 and 64 respectively, If . 


one litre of O, at 15°C and 750 mm pressure contains NV 

molecules, the numberof molecules in two litre of SO, under 

the same cortditions of temperature and pressure will be: 
(MENR 1991) 

(a) 2N (b) N (ce) N/2 (d) 4N 

(a) directly proportional to its density 

(b). directly proportional to its molecular muss 

(c) directly proportional to the square of its molecular mass 

(d) inversely proportional to the square tvot of its molecular mass 

(CPMT 1991) 


(e) twice that of helium (d) four times that of hellum 
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26. 
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28. 


29. 


30. 


31. 


32, 


33. 


(©) HBB 
A. fire extinguisher contains 4.4 kg of CO,. The volume of 


STATES OF MATTER 


The rate of diffusion of methane at a given temperature is 
twice that of gas X. The molecular mass of gas X is: 

(UT 1990; MELNR 1995) 
{a) 64.0 (b) 32.0 (c) 4.0 (d) 8.0 
Some moles of O, diffuse through a small opening in 18 
second. Same number of moles of an unknown gas diffuse 


through the same opening in 45 second. Molecular mass of the _ 


unknown gas is: 


(45). 
(a) 32x sy 


(c) (32) x = 


A bottle of dry ammonia and a bottle of dry hydrogen chloride 
connected through a long tube are opened simultaneously at 
both the ends. The white ring first formed will be: 

(a) at the centre of the tube 

(b) near the ammonia bottle 

(c) near the HC! bottle 

(d) throughout the length of the tube 


(18) 
iA 


(d) (32)° xs 


(b) 32x 


0.5 mole of each H,, SO, and CH, are kept in a container. A 


hole was made in the container. After 3 hours, the order of 
partial pressures in the container will be : 

[CET (karnataka) 2009] 
(a) Pso, > Pou, > Pu, (b) Py, > Pso, > Pou, 
(C) Pu, > Pou, > Pso, () Pso, > Pu, > Pou, 
The mass of 6.02 x 10 molecules of CO is: 


(a) 28g (b) 14g (c) 70g (d) 56g 

10 g of hydrofluoric acid occupy 5.6 litre-of volume at NTP. 
The empirical formula of the gas is HF. The molecular formula 
of the gas will be (At. mass of fluorine = 19): 

(a) HR, (b) HF 

(d) HE, 


CO, delivered by this fire extinguisher at room temperature is: 
(a) 24.5 litre (b) 100 x 24.5 litre 
{c) 10x 24.5 litre (d) 1000 x 24.5 litre 
The number of moles of H, in 0.224 litre of hydrogen gas at 
STP is: ; ; (MLNR 1994) 
(a) 1 (b) 0.1 (c) 0.01 (d) 0.001 
A gas has a vapour density 11.2. The volume occupied by 1 g 
of the gas at NTP is: 
{a) 1L (b) 1.2L (ce) 224L (dd) 4L 
“The total pressure exerted by a number of non-reacting gases 
is equal to the sum of partial pressures of the gases under the 
same conditions” is known as: 
(a) Boyle’s law (b) Dalton’s law 
(c) Avogadro’s law (d) Charles’ law 
Equal masses of methane and oxygen are mixed in an empty 
container at 25°C. The fraction of the total pressure exerted by 
oxygen is: 

@ + P 


1 1 2 
a) — b) ~ = 
oe or O53 3 298 
Equal masses of methane and hydrogen are mixed in an empty 


container at 25°C. The fraction of the total pressure exerted by 
hydrogen is: 


x 23 
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1 8 

(a) 3 (b) 9 
1 16 

(c) 9 (d) 7 


A gaseous mixture of 2 moles of A, 3 moles of B, 5 moles of C 
and 10 moles of D is contained in a vessel. Assuming that 
gases are ideal and the partial pressure of C is 1.5 atm, the total 
pressure is: 

(a) 3 atm (b) 6atm = (c) 9atm (d) 15 atm 
[Hint: 5 moles of C produce pressure 1.5 atm; therefore partial 


pressures of D=3 atm, B=*2x3=03 atm and 


A=*2 x2 0.6 atm] 


50 mL ofa gas A diffuse through a membrane in the same time 

as for the diffusion of 40 mL of gas B under identical 

conditions of pressure and temperature. If the molecular mass 

of A is 64; that of B would be: (CBSE 1992) 

(a) 100 (b) 250 (c) 200 - (d) 80 

3.2 g of oxygen (At. mass = 16) and 0.2 g of hydrogen (At. 

mass = 1) are placed in a 1.12 litre flask at 0°C. The total 

pressure of the gas mixture will be: (CBSE 1992) 

(a) 1 atm (b) 2 atm (c) 3 atm (d) 4 atm 

Select the correct statement: 

In the gas equation; PV = nRT 

(a) nis the number of molecules of a gas 

(b) n moles of the gas have volume V 

{c) V denotes volume of one mole 

(d) P is the pressure of the gas when only one mole of gas is 
present 

The density of a gas at 27eC and 1 atm is d. Pressure 

remaining constant, at which of the following temperatures ~ 

will its density become 0.754? (CBSE 1992) 

(a) 20°C (b) 30°C (ce) 400K ~ (d) 300K 

If4 g of oxygen diffuse through a very narrow hole, how much 

hydrogen would have diffiised under identical conditions? 


(CBSE 1992) 


. 1 
{a) 16g (b) lg {c) 42 {d) 64g 
bat A: wid _ Mo, 
° tt —— 
Hint: 732 Mu, 


A closed vessel contains equal ‘number of hydrogen and 
nitrogen molecules. The total pressure is 740 mm of Hg. If N, 
molecules are removed, the pressure would become/remain: 
(a) double of 740 mm of Hg 
(b) one-ninth of 740 mm of Hg 
(c) unchanged 
(d) one-half of 740 mm of Hg 
The pressure P exerted by a mixture of three gases having, 
partial pressures FP, , P, and P; is given by: 

(a) P=P+P,-P, (b) P=yR +P, +h, 

(c) P= P-P, +P; (d) P=R +P, +P; 

Two sealed containers of same capacity at the same 
temperature are filled with 44 g of hydrogen gas in one and 44 
g of CO, in the other. If the pressure of CO, is | atm, what is 


‘the pressure in the hydrogen container? 


(a) latm (b) Zero atm (c) 22atm (d) 44 atm 
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45. 
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48. 


49. 


50. 
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52. 


53. 


54. 


55. 


Absolute zero is the iipperanare where all gases are expected 


to have: 

(a) different volumes (b) same volume 

(c) zero volume (d) none of these 

If a gas is heated at constant pressure, its density: 

(a) will decrease ~ (b) willincrease — 

(c) may. increase or decrease (d) will-remain unchanged 
Density of neon will.be highest at: 

(a) STP (b) 0°C, 2 atm 

(c) 273°C, 1 atm (d) 273°C, 2 atm 

Equal masses of ethane and hydrogen are mixed in an empty 
container at 25°C. The fraction of the total pressure exerted by 
hydrogen is: (HIT 1993) 
(a) 1:2 (d) 15:16 


(b) 1:1 (c) 1:16 


According to kinetic theory of gases: 


(a) there are intermolecular attractions 

{b) molecules have considerable volume 

(c) there is no intermolecular attraction 

(d) speed of molecules decreases for each collision 

Postulate of kinetic theory is: 

(a) atom is indivisible 

(b) gases combine in simple ratio 

(c) there is no influence of gravity on the molecules of the gas 

(d) none of the above : s 

Which of the following statements is not consistent with the 

postulates of kinetic theory of gases? 

(a) Gases consist of large number of tiny particles 

(b) Particles are in constant motion 

{c) All the particles have same speed 

(d) Pressure is due to hits recorded by particles against the 
walls of containing vessel 


A helium atom is two times heavier than a hydrogen molecule. | 


At 298 K, the average kinetic energy of a helium atom is: 
(a) two times that of a hydrogen molecule 

(b) four times that of a hydrogen molecule 

(c) half that of a hydrogen molecule 

(d) same as that of a hydrogen molecule 


_ The kinetic theory of gases predicts that total kinetic energy of 


a gas depends on:. 

(a) pressure of the gas 

(b) temperature of the gas 

(c) volume of the gas : 

(d) pressure, temperature and volume of the gas 

If a gas is allowed to expand at constant temperature then: 
(a) number of molecules of the gas decreases 


" (b) the kinetic energy of the gas molecules decreases 


(c) the kinetic energy of the gas molecules increases 

(d) the kinetic energy of the gas molecules remains the same 
Gases deviate from ideal behaviour because molecules: 

(a) are colourless (b) are spherical 

(c) attract each other - (d) have high speeds 
Deviations from ideal behaviour will be more if the gas is 
subjected to: 

(a) low temperature and high pressure 

(b) high temperature and low pressure 
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56. 


57. 


58. 


59. 


60. 


61. 


(c) low temperature 

(d) high temperature 

In a closed vessel, a gas is heated from 300 K to 600 K; the 
kinetic energy becomes/remains: 

{a) double (b) half — (c) same (d) four times 

A mixture contains 56 g of nitrogen, 44 g of CO, and 16g of 
methane. The total pressure of the mixture is 720 mm Hg. The 
partial pressure of methane is: (EAMCET 1991) 
(a) 180mm _ (b) 360mm (c) 540mm (d) 720mm 
The root mean square speed. of an ideal gas at 27°C is 0.3 
m/sec. Its rms velocity at 927°C is: {(EAMCET 1991) 
(a) 3.0 m/sec (b) 2.4 m/sec (c) 0.9 m/sec (d) 0.6 m/sec 
The rms speed at NTP of the species can be calculated from 
the expression: (EAMCET 1990) 


(a) = (b) ee Yr © = (d) all of these 


At constant volume, 2 a fixed nee of mole of a gas, the 


pressure of the gas increases with rise of temperature due to: 


(a) increase in average molecular speed 


‘(b) increased rate of collisions amongst molecules 
'(c) increase in molecular attraction 


(d) decrease in mean free path 
Non-ideal gases approach ideal behaviour: 
(HIT 1999; KCET 2004) 


(a) high iéiaperanite and high pressure 
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(b) high temperature and low pressure 
(c) low temperature and high pressure 


-(d) low temperature and low pressure 


The ratio of root mean square speed and average speed ofa gas 
molecule, at a particular temperature, is: 

(a) 1: 1.086 (b) 1.086: 1 

(c) 2: 1.086 (d) 1.086: 2 

Most probable speed, average speed and rms speed are related 
as: 

(a) 121.224: 1.128 — (b) 1.128: 1: 1.224 

(c) 1: 1.128: 1.224 (d) 1.224:1.128:1 

In a closed flask of 5 litre, 1.0 g of H, is heated from 
300-600 K. Which statement is not correct? (CBSE 1991) 
(a) The rate of collision increases é 

(b) The energy of gaseous molecules increases 

(c) The number of mole of the gas increases 

(d) Pressure of the gas increases 

The root mean square speed is expressed as: 


1/2 V2 
ofep OL 
3RT 3RT 
(c) Ee | (d) Ee M i 


66. 


The rms speed of hydrogen molecules at room temperature is 
2400 ms. At room temperature the rms speed of oxygen 
molecules would be: 

(a) 400 ms”! (b) 300 ms” 

(c) 600 ms” (d) 1600 ms” 

mint; £02 = [Mee 
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The molecules of which of the following gas have highest 
speed? 

(a) Hydrogen at — 50°C (b) Methane at 298 K 

(c) Nitrogen at 1000°C (d) Oxygen at 0°C 

Which one of the following is an ideal gas? 

(a) Hydrogen (b) Nitrogen 

(c) Carbon dioxide (d) None of these 

van der Waals’ equation explains the behaviour of: 

(a) ideal gases (b) real gases 

(c) mixture of gases (d) diatomic gases 

The critical temperature of a gas is that temperature: 

(a) above which it can no longer remain in the gaseous state 
(b) above which it cannot be liquefied by pressure 

(c) at which it solidifies 

(d) at which the volume of the gas becomes zero 

The van der Waals’ equation for a real gas is: 


(a) » (P+) V -b)=nRT 


(b) pelo. b)= nRT 


\ 
ol? +S) +0 nRT 


aRT | wa 
(V-nb) vy? 
In van der Waals’ equation of state for a non-ideal gas the term 


(d) P= 


- that accounts for intermolecular force is: 


(a) (P + <1 (b) V-b) (c) RT 


The units of ‘a 


1 
ay 2 
(d) = 
in van der Waals’ equation 
2 

[P + o (V - nb) = nRT 
are: \ A 
(a) atom litre? mol? (b) atom litre mol” 


(c) atom litre mol! (d) atom litre? mol”! 


_ If1000 mL of gas 4 at 600 torr and 500 mL of gas B at 800 torr 


are placed in a 2 litre flask, the final pressure will be: 

(a) 2000 torr (b) 1000 torr 

(c) 500 torr (d) 400 torr 

Two samples of gases A and B are at the same temperature. 
The molecules of A are travelling four times faster than the 
molecules of B. The ratio of m,/m, of their masses will be: 


(a) 16 (b) 4 (c) 1/4 (d) 1/16 
pint, 4 = C2. 

: Mme C, 
The root meat square speed of a certain gas at 27°C is 
3x 10' ems"!. The apes at which the velocity will be 
6x10 ems” is: 
(a) 54°C (b) 108°C oe 1200 K “(d).600 K 


The temperature at which real gases obey the ideal gas laws 
over a wide range of pressure is called: PMT 2009) 
(a) critical temperature (b) Boyle temperature 

(c) inversion temperature  (d) reduced temperature 
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The value of van der Waals’ constant ‘a’ for gases O,, N,, NH, 
and CH, are 1.360, 1.390, 4.170 and 2.253 litre-atm mol 
respectively. The gas which can be most easily liquefied is: 


{a) O, (b) Ny (c) NH; (d) CH, 
According to kinetic theory of gases for a diatomic molecule: 
(HT 1991) 


(a) the pressure exerted by the gas is proportional to the mean 
square speed of the molecules 

(b) the pressure exerted by the gas is proportional to the root 
mean square speed of the molecules 

(c) the root mean square speed is inversely proportional to the 
temperature 

(d) the mean translational KE of the molecule is: directly 
proportional to the absolute temperature 

A real gas obeying van der Waals’ equation will resemble an 

ideal gas if the: 


(a) constants a and b are small 


(b) a is large and bis small. 

(c) ais small and b is large 

(d) constants a and b are large 

When the universal gas constant (R )is divided by Avogadro’ s 
number (N ), their ratio. is called: 

(a) Planck’s constant (b) Rydberg’s constant 

(c) Boltzmann’s constant (d) van der Waals’ constant 


a 


The compressibility-factor of a gas is defined as Z = = The 


compressibility factor of an ideal gas is: 
(a) 0 (b) | (c) -1 
An ideal gas is one which obeys: ~ 

(a) gas laws (b) Boyle’s law 

(c) Charles’ law (d) Avogadro’s law ; 
A mixture of three gases X (density 1.0), ¥ (density 0.2) and Z 
(density 0.4) is enclosed in a vessel at constant temperature. 
When the equilibrium is established, the gas/gases: 

(a) X will be at the top of the vessel 

(b) Y will be at the top of the vessel 

(c) Z will be at the top of the vessel a 

(d) will mix homogeneously throughout the vessel 

16 g of oxygen and 3 g of hydrogen are mixed and kept at 760 
mm pressure at 0°C. The total volume occupied by the mixture 
will be nearly: [CMC (Vellore) 1991] 
(a) 22.4 litre (b) 33.6 litre (c) 44800 mL (d) 4480 mL 
Which of the following expressions does not represent Boyle’s 


[PMT (MP) 2004] 
(d) infinity 


- law? 
_ (a) PY = constant (b) ¥ xs 
(c) WT, =hoT, (d) PY, = PV, 


When an ideal gas undergoes unrestricted expansion, no 
cooling occurs because the molecules: ; ; 
(a) exert no attractive forces on each other 

(b) do work equal to loss of kinetic energy 

(c) collide without loss of energy — 

(d) are above the inversion temperature _ 

Which of the following mixture of gases at room temperature 
does not follow Dalton’s law of partial pressures? 
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. (a) most probable speed 
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(a) NO, and O, (b) NH, and HCI 

(c) CO and CO, (d) SO, and O, 

The speed possessed by most of the gaseous molecules is: 

(b) average speed 

(c) root mean square speed (d) none of these ; 

In which of the following pairs the gaseous species diffuse 

through a porous plug along with the same rate of diffusion? 
(EAMCET 1990) 


(a) NO, CO (b) NO, CO, 
(c) NH, PH; (d) NO, C,H, 
Which of the following statements is correct? 


(a) 3PV = mnc’ is the expression for real gases 


. (b) At normal temperature and pressure most gases behave 
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nearly as ideal gases 
(c) The molecules of real gases have both volume and mutual 
attraction ~ 
(d) Pressure depends on number of molecules and volume 
For one gram molecule of an ideal gas: 


(a) a saal (b) oe = Deal 


(c) = = 8.31 cal (@) — = 0.0821 cal 


When helium is allowed to expand into vacuum, heating effect 

is observed. This is due to the fact that: 

(a) helium is an inert gas 

(b) hetfum is a noble gas 

(c) helium is an ideal gas 

(d) the inversion temperature of helium is very low 

At STP, the order of mean square velocity of molecules of 

H,, N,, O, and HBr is: (CBSE 1991) 

(a) H, >N,>0O,>HBr (b) HBr>O,>N, >H, 

(c) HBr>H,>O,>N, (d) N, >.0, > H, > HBr 

At constant temperature in a given mass of an ideal gas: 
(CBSE 1991) 

(a) the ratio of pressure and volume always remains constant 

(b) volume always remains constant 

(c) pressure always remains constant 

(d) the product of pressure and volume always remains 

constant 

The non-compressible volume of a gas is . . . times the actual 

volume of gas molecules: 

(a) 2 (b) 4 (c) 3 (d) 2.5 

One mole.of an ideal monoatomic gas is mixed with | mole of 

an ideal diatomic gas. The molar specific heat of the mixture at 

constant volume is: 

(a) 3 cal (b) 4 cal (c) 5 cal (d) 8 cal 

In an experiment during the analysis of a carbon compound, 


145 mL of H, was collected at 760 mm Hg pressure and 27°C. - 


The mass of H, is nearly: 


(a) 10mg = (b) 6g (c) 12mg (d) 12g 


‘Hint: Apply PY = rv RT; 1x 0.145 = 5 x 0.0821 x 300] 


The kinetic energy of N mol¢cules of O, is xjoule at — 123°C. 
Another sample of O, at 27°C has a kinetic energy of 2x joule. 
The latter sample contains: 
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(a) N molecules of O, (b) 2N molecules of O, 


(c) > molecules ofO, ‘ (4) ~ molecules of O, 


A balloon filled with N,O is pricked with a sharper point and 

plunged into a tank of CO, under the same pressure and 

temperature. The balloon will: 

(a) be enlarged (b) shrink 

(c) collapse completely (d) remain unchanged in size 

The three states of matter are solid, liquid and gas. Which of 

the following statements is true about them? 

(a) Gases and liquids have viscosity as a common property 

(b) The molecules in all the three states possess random 
translational motion 

(c) Gases cannot be converted into solids without passing 
through the liquid phase 

(d) Solids and liquids have pressure as a common property 

Strong intermolecular forces exist in: 

(a) gases (b) liquids 

(c) amorphous solids (d) crystalline solids 

Association of molecules in water is due to: ~ 

(a) covalent bonding (b) hydrogen bonding 

(c) ionic bonding (d) van der Waals’ forces 

Which of the following statements is wrong? 

(a) Evaporation is a spontaneous process 

(b) Evaporation is a surface phenomenon 

(c) Vapour pressure decreases with increase of temperature 


. (d) The vapour pressure of a solution is always less than the 


vapour pressure of a pure solvent 

Normal boiling point of a liquid is that temperature at which 

vapour pressure of the liquid is equal to: 

(a) zero = (b) 380 mm of Hg 

(c) 760 min of Hg (d) 100 mm of Hg 

Water boils at lower temperature on high altitudes because: 

(a) atmospheric pressure is low thére 

(b) atmospheric pressure is high there 

{c) water is weakly hydrogen bonded there 

(d) water in pure form is found there 

When a student was given a viscometer, the liquid was sucked 

with difficulty; the liquid may be: 

(a) benzene (b) toluene (c) water 

Mark the statement which is correct: 

(a) surface tension of a liquid increases with temperature 

(b) addition of chemicals reduces the surface tension ofa liquid 

(c) stalagmometer is used for measuring viscosity of the 
liquid 

(d) viscosity of the liquid does not depend on intermolecular 
forces 

With the increasing molecular mass of a liquid, the viscosity: 

(Jiwaji 1990) 


(d) glycerine 


(a) decreases (b) increases 
(c) no effect (d) all are wrong 
The viscosity of which liquid is the maximum? 
(a) water (b) glycol 

(c) acetone (d) ethanol 
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The rise of a liquid in a capillary tube is due to: 

(a) viscosity (b) osmosis 

(c) diffusion (d) surface tension 

With increase in temperature, the fluidity of liquids: 

(a) increases (b) decreases 

(c) remains constant (d) may increase or decrease 
If n, and y, are the coefficients of viscosity of two liquids, 
d, and d, their densities and ¢, and ¢, the flow times in 
Ostwald viscometer, then: 


d,t dt 
(a) Mh = Sie (b) Mi = 22 
N, dot Nz at 

(c) Mh (d) TM _ dat 
Ny dat, N. dt, 


Which of the following expressions regarding the unit of 
coefficient of viscosity is not true? 

(a) dyne cm™ sec (b) dyne cm? sec” 
(c) Nm™ sec (d) 1 poise = 107! Nm”? sec 


i 


The boiling points of water, ethy! alcohol and diethyl ether are — 
100°C, 78.5°C and 34.6°C respectively. The intermolecular . 


forces will be in the order of: 


. (a) water > ethyl alcohol > diethy! ether 


(b) ethyl alcohol > water > diethyl ether 
(c) diethyl ether > ethyl alcohol > water 
(d) diethyl ether > water > ethyl alcohol 
The unit cell in a body centered cubic lattice is given in the 
figure. Each sphere has a radius, r and the cube has a side, a. 
What fraction of the total cube volume is empty.(TIFR 2010) 


8 or 4_¥r 
(a) owe (b) ee 
2 @) a 


Which one is not the property of crystalline solid? 


" (a) Isotropic 


(b) Sharp melting point 

(c) A definite and regular geometry 

(d) High intermolecular forces 

The number of crystal systems known is: 

(a) 7 (b) 8 (c) 6 (d) 4 
Tetragonal crystal system has the following unit cell 
dimensions: [PMT (MP) 1993] 
(a) a=b=canda =B=y = 90° 

(b) a= b#canda =B=y = 90° 

(c) a#b#canda =B=y¥ = 90° 

(d) a=b¥ cand a =B = 90°, y = 120° 
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A match box exhibits: [PET (MP) 1993] 
(a) cubic geometry (b) monoclinic geometry : 
(c) orthorhombic geometry (d) tetragonal geometry 

In the crystal of CsCl, the nearest neighbours of each Cs ion 
are: [PET (MP) 1993| 
(a) six chloride ions (b) eight Cs ions 

(c) six Cs ions (d) eight chloride ions 


. How many chloride ions are there around sodium ion in 


sodium chloride crystal? 

(a) 3 (b) 8 (c) 4 (d) 6 

The number of atoms contained in one face-centred cubic unit 

cell of monoatomic substance is: 
[PMT (Vellore) 2006; PET (MP) 2007] 

(a) 1 (b) 2 (c) 4 (dJ)3 | 

The number of close neighbours in a body-centred cubic 

lattice of identical spheres is: 


(a) 4 (b) 12 (c) 6 (d) 8 

The coordination number of each sphere in (hec) arrangement 
is: 

(a) 8 (b) 12 (c) 6 (d) 4 

Bragg’s law is given by the equation: (BHU 1990) 


(a) nA = 28 sin 8 
(c) 2nd =d sin ® 


(b) nA = 2d sin 8 

(d) no = “sino 

2 2 
In Bragg’s equation for diffraction of X-rays, ‘n’ represents: 
(a) the number of mole (b) quantum number 

(c) the order of reflection (d) Avogadro’s number 


The coordination number for an atom in a primitive cubic unit 
cell is: 


(a) 6 (b) 8 (c) 10 _(d) 12 

The number of atoms per unit cell in a simple cubic, 

face-centred cubic and body-centred cubic are. ..... : 

respectively: , 

(a) 1,4,2 (b) 4, 1,2 

(c) 2,4,1 (d) 4,8,2 

In a solid lattice, the cation has left a lattice site and is located 

at interstitial position, the lattice defect is: (VITEEE 2007) 

(a) interstitial defect (b) vacancy defect 

(c) Frenkel defect (d) Schottky defect 

Schottky defects occur mainly in ionic compounds where: — 
(VITEEE 2008) 

(a) positive and negative ions are of different size 

(b) positive and negative ions are of same size 

(c) positive ions are small! and negative ions are big 

(d) positive ions are big and negative ions are small 

What type of crystal defect is indicated in the diagram below? 


Na* Cl Na* Cl Na* cr 
cr Cr Na* Na* 
Na* Cl clr Nat cr 
Cr Nat Cl” Nat Nat (AIEEE 2004) 


(a) Frenkel defect (b) Schottky defect 
(c) Interstitial defect (d) Frenkel and Schottky defects 


In a closed packed array of spheres, the number of 
tetrahedral holes is: 


(a) N/2 
(c) 4N 


() N 
(d) 2N 


os | 
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. (a) Schottky defect 


_ face-centred cubic lattice points and in: 


 (c) octahedral voids 
141, 


| (a) AB, 


Ina closed packed array of N spheres, the octahedral holes are: 
(a) N/2 (b) 2N (c) 4N (d) N 

AB crystallizes in a body centred cubic lattice with edge 
length *a’ equal to 387 pm. The distance between two 
oppositely charged ions in the lattice is: [CBSE (PMT) 2010] 


(a) 335 pm (b) 250 pm 
(c) 200 pm (d) 300 pm 
[Hint : Distance between two oppositely charged ions 
wb 387xV3 
(+r )= ——_—— 
2 
= a 14 pm] 


Germanium or silicon becomes semiconductor due to: 

(b) chemical impunty 

(c) Frenkel defect (d) none of these 

A particular solid is very hard and has a high melting point. In 
solid state it is a non conductor and its melt is a conductor of 
electricity. Classify the solid: [CMC Vellore (Med.) 2008] 
(a) metallic (b) molecular 

(c), network (d) ionic 

(e} amorphous 

Which one has the highest melting point? 

(a) Ionic crystal {b) Molecular crystal 

(c) Covalent crystal (d) Metallic crystal 

For an ionic crystal of general formula 4X and coordination 
number 6, the value of radius ratio will be: [PMT (MP) 1993] 
(a) greater than 0.73 (b) in between 0.73 and 0.41 
(c) in between 0.41 and 0.22 (d) less than 0.22 

The Ca** and F~ are located in CaF, crystal respectively at 
(AITMS 2006) 
(b) half of tetrahedral voids 

(d) half of octahedral voids 


(a) tetrahedral voids 


In calcium fluoride structure, the coordination numbers of - 


calcium and fluoride ions are: ; 

(a) 8and4 (b) 6 and 8 

(c) 4and4 (d) 4 and 8 

The unit cell of a binary compound of A and B metals has a 

cep structure with A atoms occupying the comers and B atoms 

occupying the centres of each faces of the cubic unit cell. If 

during the crystallisation of this alloy, in the unit cell two A 

atoms are missed, the overall composition per unit cell is: 
[CET (J&K) 2009] 


(b) AB, (c) ABs (A) AGBrg 


[Hint : Number of atoms of A = 6 x = 4 
Number of atoms of B = 6 x5 =3 


A:B=3:3=1:4 
4. 


Compssnion of alloy = AB, ] 
In a solid lattice, the cation has left a lattice site and is teen 
at an iriterstitial position. The lattice defect is : 
[BHU (screening) 2008| 
(b) vacancy defect 
(d) Schottky defect 


(a) interstitial defect 
(c) Frenkel defect 


Which of the following statements is incorrect about - 


amorphous solids? (KCET 2004) 
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(a) They are anisotropic 


- (b) They are rigid and incompressible 


{c) They melt over a wide range of temperature 

(d) There is no orderly arrangement of particles 

Which defect causes decrease in the density of a crystal? 

(a) Frenkel (b) Schottky 

(c) Interstitial. (d) F-centre 

For tetrahedral coordination number, the radius ratio 7/17 is: 
(KCET 2008) 

(b) 0.225 ~ 0.414 

(4) 0.155 ~ 0.225 


(a) 0.732- 1.0 
(c) 0.414 - 0.732 


What is the total number of ions present in one unit cell of — 
‘ sodium chloride lattice? (EAMCET 2006) 
(a) 2 (b) 6 {c) 12 (d) 8 
The pa for determination of density of cubic unit cell is: 
a3 ZXxXN 0 a4 
a cm” ——* gem 
(@) Se | b) 8 
3 
axM 3 ZxXM 3 
c cm d cm 
0 2M ON xa * 
The closest-packing sequence ABAB..... represents: 


(a) primitive cubic packing 

(b) body-centred cubic packing 

(c) face-centred cubic packing 

(d) hexagonal packing 

The closest-packing sequence ABC ABC..... represents: 

(a) primitive cubic packing 

(b) body-centred cubic packing 

(c) face-centred cubic packing 

(d) hexagonal packing 

The edge length of face centred cubic ccll of an ionic 
substance is 508 pm. If the radius of cation is 110 pm, the 


radius of anion is: (AIEEE 2010) 
(a) 618 pm (b) 144 pm 
(c) 288 pm (d) 398 pm 


[Hint : Edge length = 2 (7° +7) 

508 = 2010+r7) 

= 144 pm J 
Close packing is maximum in the crystal lattice of: 
(a) face-centred cubic (b) body-centred cubic 
(c} simple-centred cubic (d) none of these 
The ratio between the root mean square speed of H, at 50 K 
and that of O, at 800 K is: CIT 1996) 
(a) 4 (b) 2 (c) 1 (d) 1/4 
X mL of H, gas effused through a hole in a container in 5 
second. The time taken for the effusion of the same volume of 
the gas specified below under identical conditions is: 
(IIT 1996) 

(a) 10 second : He (b) 20 second : O, 
(c) 25 second : CO (d) 55 second : CO, 
The energy of a gas per litre is 300 joule. Its pressure will be: 
(a). 3x 10° N/m? (b) 6x 10° N/m?” 
(c) 10° N/m? (d) 2x 10° N/m? 
If the universal gas constant is 8.3 joule mol! K~' and the 


Avogadro’s number is 6 x 10°*. The mean kinetic energy of the 
oxygen molecules at 327°C will be: 
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STATES OF MATTER 


(a) 415x 10°23 joule (b) 2490 x 10 joule 
(c) 1245 x 10°? joule (d) 830x 10° joule 


If increase in temperature and volume of an ideal gas is two 
times, then initial pressure of P changes to: 


[JEE (Orissa) 2006] . 


(a) 4P (b) 2P (c) P (d) 3P . 
The average kinetic energy of one molecule ofan ideal gas at 
27°C and 1 atm pressure is: (EAMCET 2009) 


(a) 900 cal K7! mot 


(b) 621x107! JK™! molecule”! 


(c) 336.7) K7! molecule”! 


(d) 3741. 33K"! mot! 


3R 
int: KE=——T 
= 2N 


| =o xX————, « 300 


= 621x107! TK molecule] 


The respective speeds of five molecules are 2, 1.5, 1.6, 1.6 and 


1.2 km/sec. The most probable speed in km/sec will be: 
(a) 2 (b) 1.58 (c) 1.6 (d) 1.31 


If one mole of a monoatomic gas [v = 3) is mixed with one 


mole of diatomic gas [ = 2} the value of y for the mixture is: 


(a) 140 = (b) 1.50. ©) 1.53. — (a) 3.07 
The root mean square speed of hydrogen molecule of 
an ideal hydrogen gas kept in a gas chamber at (PC 


is 3180 metre/second. The pressure on the hydrogen gas - 


is: (density of hydrogen gas is 8.99 x 107 kg/ m’, 
1 atmosphere =.1.01 x 10° N/m?) 


(a) 1.0 atmosphere (b) !.5 atmosphere 

(c) 2.0 atmosphere (d) 3.0 atmosphere 

CH, diffuses two times faster than a gas X. The number of 
molecules present in 32 g of gas X is: (Nis Avogadro number) 


rare Wicd ) 2016] 
a) N b) — — d) — 
(@) o> of @F 
wat. CH Meas 
[Hint: WCHy | s_ 
Teas Mong 
= Meas 
: V 16 
My = 64 
Number of molecules = ——” xN 
; lar mass 
-Zxn=2] 
64 


At what temperature would the rms speed of a gas molecule 
have twice its value at 100°C? 


(a) 4192 K (b) 1492 K 

(c) 9142 K (d) 2491 K 

Find the rms speed of an argon molecule at 27°C (Molecular 
weight of argon = 40 gm/ mol): 
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. (c) 432.2 m/s 


’ (a) Graphite 


(a) 234.2 m/s (b) 342.2 m/s 
(d) 243.2 m/s 
At a temperature 7 K, the pressure of 4 g argon in a bulb is P-.. 
The bulb is put in a bath having a temperature higher by 50 K 
than the first one. 0.8 g of argon gas had to be removed to 
maintain original pressure. The temperature T is equal to: 
(HIT 1999) 
(a) 310K : 
(c) 100K 


(b) 200 K 
(d) 73K 


‘At 25°C and 730 mm pressure, 380 mL of dry oxygen was 


collected. If the temperature is constant, what volume will the 
oxygen occupy at 760 mm pressure? (CBSE 1999) 
(a) 265mL  (b) 365mL (c) 569mL = (d) 621-mL 
Which of the following solids shows electrical conduction? — 

(CBSE 1999) 
(b) Potassium chloride 
(c) Diamond (d) Sodium chloride 
Schottky defect in solids is due to: 

[PMT (Vellore) 2006; VITEEE 2006} 


- (a) a pair of cation and anion vacancies 


(b) occupation of interstitial site by a pair of cation and anion 

(c) occupation of interstitial site by a cation 

(d) occupation of interstitial site by an anion 

Copper crystallises in face-centred cubic lattice with a unit cell 

length of 361 pm. What is the radius of copper atom in pm? 
[CBSE (PMT) 2009; AIEEE 2009] - 


(a) 108 (b) 128 (c) 157 (d) 181 
[Hint : a2 =4r : 
361xV/2 2=4r 
r= 128 pm] 


The second order Bragg diffraction of Save with X=1A 
from a set of parallel planes in a metal occurs at an angle of | 
60°. The distance between the scattering planes.in the crystal 


is: (CBSE 1998) 
(a) 0.575 A (b) 1.00 A ~ 
(c) 200A © (d) 1.15A 


According to Graham’s law at a given temperature, the ratio of 
the rates of diffusion r, / % of gases A and B is given by: 


(T1998) 
1/2 1/2 
(a) fa ( Ma oy MA Pa 
7 Py \ Ms Mg \Pz 
(c) (Me) (d) Ma (Fa) 4 


The root mean square*Velocity of an ideal gas at constant 


pressure varies with density as: [WIT (Screening) 2000] 
(a) d? (b) d (c) Vd (d) Va 
Match the following: 

_ List-1 List-I1 
(A) Inversion temperature (4).a/Rb 
(B) Boyle’s temperature (ii) 8a/27Rb 
(C) Critical temperature (iii) 2a/ Rb 


(a) A~(i), Bit), Cit) (b) A~{iti), B—{ti), Ci) 
(6) A~{iii), B—{i), C-(ii) (d) Ai), B—-(iii), Ci) 
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For three different gases values of van der Waals’ constant ‘a’ and 
‘bare given. What is the correct order of liquefaction of gases? 


Gases a b 
Xx» 1.3 0.090 
Yy 4.1 0.023 
Z, 2.2 0.075 


(a) X,>Y,>Z, (b) Y,>2,>X, 


(d) X,>Z,>Y¥, 


Match the following: 

List-I - List-I 
(A) F, (i) 3b 
(B) ¥. (ii) 8a/27bR 
(© f, (iii) a/27b? 


(a) A-{i), B—{ii), C{iii) (b) A{iii), B—(ii), C—{i) 


+ ©) A+{ii), B—(iii), Ci) (@) A-{iii), BD), Ci) 


. 176, 
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By what factor does the average velocity of a gaseous 

mplerien increases when the absolute temperature is doubled? 
(DUMET 2010) 

(a) 1.4 (b) 2 (c) 2.8 (d) 4.0 

The van der Waals’ constant ‘a’ for different gases have been 

given as: 


Gas a(atm L? mol”) 
0, 1.36 
N, 1.39 
CH, 2.25 
NH, 4.17 


The gas that can be most easily liquefied is : 
[JEE (Orissa) 2010] 


(a) O, (b) N, (c) CH, (d) NH, 

Match the following: : 
List-I List-Il 

(A) U, (i) 1.22 
‘BYU, 1U (ii) 1.13 

(C) Using /U, (iii) 1.08 


+ (@) A—Gii), Bi), C+) (6) AH, BHD, Cit) 
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181. 


182. 


(c) Aili), B—{i), Ci) (d) A—(ii), B—ii), Ci) 
Joule-Thomson coefficient is zero at: 
(a) critical temperature (b) inversion temperature 
(c) absolute temperature (d) Boyle’s temperature 
At a constant pressure, what should be the percentage increase 
in temperature for a 10% increase in volume? 
(a) 10% (b) 11% (c) 8.9% (d) 12.5% 
5 g of unknown gas has pressure P at a temperature T K ina 
vessel. On increasing the temperature by 50°C, 1 g of the gas 
was given out to maintain the pressure P. The original 
temperature was: 
(a) 73K (b) 100K 
{c) 200K (d) none of these 
Which of the following expressions correctly represents the 
relationship between the average molar kinetic energy, KE of 
CO and N, molecules at the same temperature? 

[CBSE (PMT) 2000] 
(a) KEco = KEn, 
(b) KEco > KEn, 


(c) KEco < KEN, 
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(d) Cannot be predicted unless the volumes of the gases are 


given 
Which of the following exhibits the weakest intermolecular 
forces? (AIIMS 2009) 
(a) NH, (b) HCl (c) He (d) H,O 


The compressibility of a gas is less than unity at STP. 
Therefore: [IIT 2000; PMT (MP) 2004] 


(2) V,, > 22.4 litre (b) V,, < 22.4 litre 

(c) V,, = 22.4 litre (d) V,, = 44.8 litre 

The rms velocity of hydrogen is V7 times the rms velocity of 
nitrogen. If T is the temperature of the gas: (IIT 2000) 
(a) T(H))=T(N2) (b) TCH, ) > TN; ) 

(©) TH) )<T;) (d) T(H,) = V7T(N;) 

The kinetic energy of any gas molecule at 0°C is: 

(a) zero (b) 3408 J 

(c) 2 cal (d) 566x107" J . 
Densities of two gases are in the ratio 1:2 and their 
temperatures are in the ratio 2:1; then the ratio of their 
respective pressures is: (BHU 2000) 
(a) 1:1 (b) 1:2 (c) 2:1 (d) 4:1 

Gas equation PY = nRT is obeyed by: (BHU 2600) 
(a) only isothermal process (b) only adiabatic process 

(c) both (a) and (b) (d) none ofthese 

An ideal gas will have maximum density when: (CPMT 2000) 
(a) P=05atm,7 = 600K (b) P= 2atm,T = 150K 

(c) P=latm,7=300K (d) P=1LOatm,T = 500K 
The following graph illustrates: (JIPMER 2000) 


Temp. (60°C) —> 


(a) Dalton’s law (b) Charles’ law 

(c) Boyle’s law (d) Gay-Lussac’s law 

4.4 g of a gas at STP occupies a volume of 2.24 L. The gas can 
be: [CET (Haryaua) 2000] 
(a) O, (}) CO @NO, @ CO, 

At 0°C and one atm pressure a gas occupies 100 cc. If the 
pressure is increased to one and a half time and temperature is 
increased by one-third of absolute temperature, then final 
volume of the gas will be: (DCE 2000) 
(a) 80cc (b) 88.9cc (c) 66.7 cc (d) 100cc 
Pressure of a mixture of 4 g of O, and 2 g of H, confined ina 
bulb of 1 litre at O°C is: (AITMS 2000) 
(a) 25.215 atm (b) 31.205 atm 

(c) 45.215 atm (d) 15.210 atm 

Density ratio of O, and H, is 16:1. The ratio of their rms 
velocities will be: . (ATIMS 2000) 


(a) 4:1 (b) 1:16 (1:4 3 @ 16:1 
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The rate of diffusion of a gas having molecular weight just 
double of nitrogen gas is 56 mL s™'. The rate of diffusion of 


nitrogen will be: (CPMT 2000) 
(a) 79.19 mL s™ . (b) 112.0mLs7 

(c) 56mLs! (d) 90.0 mL s? 

The density of air is 0.00130 g/mL. The vapour density of air 
will be: (DCE 2000) 


(a} 0.00065 (b) 0.65 (c) 14.4816 (d) 14.56 
If 300 mL of a gas at 27°C is cooled to 7°C at constant 
pressure, its final volume will be: (AIIMS 2000) 
(a) 135mL) (b) S40mL (cc) 350mL = (d) 280 mL 
For an ideal gas, number of moles per litre in terms of its 
pressure P, gas constant R and temperature T is: 

(AIEEE 2002) 
(a) PT/R (b) PRT (c) P/RT {d} RT/P 
The van der Waals’ equation reduces itself to the ideal, gas 
equation at: [MEE (Kerala) 2001; CBSE (PMT) 2002] 
(a) high pressure and low temperature 
(b) low pressure and low temperature 
(c) low pressure and high temperature 
(d) high pressure alone 
Which of the following volume (V), temperature (T ) plots 
represents the behaviour of an ideal gas at one atmospheric 
pressure? {IIT (Screening) 2002; PET (Kerala) 2007| 


at273 By S373 k) 
nin 


a ] ik) Sr e53K) 


ee 
T a T pi 
; is (22.4 
AOI K t a K 
s ) at373K) 2 ) Hae 
hi g is s 373 K) 
T (K) T(K)— 
(c) (d) 


(15L at 
373K) 


LS ea 
(e) 


The following is a method to determine the surface tension of 
liquids: [CET (J&K) 2007] 
(a) single capillary method (b) refractometric method 

(c) polarimetric method (d) boiling point method 

The crystalline structure of NaCl is: [CET (J&K) 2007] 
(a) hexagonal close packing (b) face-centred cubic 

(c) square planar (d) body-centred cubic 
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A crystal lattice with alternate +ve and —ve ions has radius 
ratio 0.524, its coordination number is: 


[PMT (Manipal) 2002] 
(a) 4 (b) 3 (c) 6 (d) 12 
The major binding force of diamond, silicon and quartz is: 
[MEE (Kerala) 2002| 


(a) electrostatic force 
(c) covalent bond force 
({e) van der Waals’ force 
A compound is formed by elements A and 2B. This crystallizes 
in the cubic structure when atoms A are at the comers of the 
cube and atoms B are at the centre of the body. The simplest 
formula of the compound is: (DPMT 2009) 
(a) AB (b) AB, (c) A,B (d) AB, 

The coordination number of a metal crystallizing in a 
hexagonal close packed (hep) structure is: [PET (MP) 2004] 
(a) 6 (b) 12 (c)8 (d) 4 

The crystal system of a compound with unit cell dimensions 
a= 0.387, b= 0.387, c= 0.504 nm and a =B = 90° and 


(b) electrical attraction 
(d} non-covalent bond force 


y = 120° is: (AIIMS 2004) 
(a) cubic (b) hexagonal 
(c) orthorhombic (d) rhombohedral 


The maximum number of molecules is present in: é 
[CBSE (PMT) 2004] 
(a) 15 LofH, gasatSTP = (b) 5L of N, gas at STP 
(c} 0.5 g of H, gas (d) 10 g of O, gas 
The root mean square velocity of one mole of a monoatomic 
gas having molar mass M is U,,,.. The relation between 
average kinetic energy (EF) oF the gas ‘and Using 1S! 

[IIT (S) 2004] 


| 3E 2E 
(2) Uns 2M )Uems 3M 


2E E 
U_. = .|— U..= j— 
(0) Urns M (2) Vrms 3M 


Which of the following is not a property of liquid state? 
[BHU (Pre) 2005] 

(a) Intermolecular force of attraction in a liquid is quite large 

(b) All liquids accompanied by cooling on evaporation 

(c) Lower the boiling point of a liquid, greater is its vapour 

pressure at room temperature 
(d) A liquid boils at higher temperature at the top of a 
mountain than at the sea level 

Acertain sample of a gas has a volume of 0.2 litre measured at 

1 atm pressure and 0°C. At the same pressure but 273°C, its 

volume will be: {BHU (Pre) 2005] 

(a) 0.4L (b) 0.8L (c) 27.8L (d) 55.6L 

When electrons are trapped into the crystal in anion vacancy, 

the defect is known as: {BHU (Pre) 2005] 

{a) Schottky defect (b) Frenkel defect 

(c) stoichiometric defect | (d) F-centres 

In thé equation of state of an ideal gas PV = nRT, the value of 

the universal gas constant R would depend only on the: 
(KCET 2005) 

(a) nature of the gas (b) pressure of the gas 

(c) units of the measurement (d) none of these 


298 


214. 


215. 


216. 


217. 


218. 


219. 


220. 


221. 


222. 


: G.R.B. PHYSICAL CHEMISTRY FOR COMPETITIONS 


If Z is the number of atoms in the unit cell that represents the 
closest packing sequence ABC ABC..., the number of 


tetrahedral voids in the unit cell is equal to: © (ATTMS 2005) | 
Z Z 
(a) Z (b) 22 (c) 3 (d) 4 
Equation of Boyle’s law is: (DPMT 2005) 
dP dV dP dV 
—=-— b) — = + — 
@) P V () P V 
a°*P_ av d*P_ av 
(c) —— =- — (dd) a fo 
P aT P dt 
[Hint: PY = constant 
-PdV+V dP=0 
ap __ av 
P V 
In a face-centred cubic unit cell, edge length is: 
(DPMT 2005) 
4 4 v3 
a) =r (b) +r (c) 2r d) —r 
(a) acs ) DB (d) 5 


If Us is 30R'? at 27°C, then calculate the molar mass of the 


gas in kilogram: (DPMT 2005) 
(a) 1 (b) 2 (c) 4 (d) 0.001 
[Hint: vy, = [oR% 
MW 
m 
m= 0.001 kg] 


The pressure exerted by, | mole of methane in a 0.25 litre 
container at 300 K using van der Waals’ equation (given 


qa = 2.253 atm L? mol”, b = 0.0428 L mol”) is: 


. [JEE (Orissa) 2005} 
(a) 82.82 atm (b) 152.51 atm 
(c)190.52 atm (d) 70.52 atm 


An ionic compound has a unit cell consisting of ‘ A’ ions at the 

comers of a cube and ‘3’ ions on the centres of the faces of the 

cube. The empirical formula for this compound would be: 
[ATEEE 2005; CET (Karnataka) 2009] 

(a) AB (b) A,B 

(c) AB, (d} A,B 

Which one of the following statements is not true about the 


effect of an increase in temperature on the distribution of 


molecular speeds in a gas? 
(a) The most probable speed increases 
(b) The fraction of the molecules with most probable speed 
increases 
(c) The distribution becomes broader 
(d)} The area under the distribution curve remains the same as 
under the lower temperature 
A gas can be liquefied: 
(a) above its critical temperature 
(b) at its critical temperature 
(c) below its critical temperature 
(d) at any temperature 
Ifthe absolute temperature of a gas is doubled and the pressure 
is reduced to one-half, the volume of the gas will: 
[PET (Kerala) 2005] 


(AFMC 2005) 


223. 
double the pressure, if the initial volume of a gas at 75°C is 


224. 


225. 


226. 


227. 


228. 


' (b) be doubled 
(d) be halved 


(a) remain unchanged | 

(c) increase fourfold 

(e) be reduced to one-fourth 

[Hint: Ue AY = PY, ] 
7 T, 


To what temperature must a neon gas sample be heated to 


decreased by 15%? {PET (Kerala) 2005] 
(a) 319°C —s (b) 592°C — (c) 128°C — (dd) «60°C 
(e) 90°C 
(Hint: Aly = es 
r qT, 
PV _2Px85V 
348 | T, x 100 
T, = 5916 K 
th =3186C] 
The surface tension of which of the following liquids is 
maximum? [CBSE (Pre) 2005] 
(a) C,H;,OH (b) CH,OH (c)H,0 (d) C,H, 


[Hint: (c) Due to hydrogen bonding, H,O has the highest 
intermolecular force, hence its surface tension is also 
maximum. | 
An element (with atomic mass = 250g) crystallises in a simple 
cube. If the density of unit cell is 7.2 g cm™’, what is the radius 
of the element? [JEE (Orissa) 2006] 


(a) 1.93x 10% cm (b) 1.93 x 10-8 cm 
(c) 1.93x 10% A (d) 1.93x 10% m 
_é xpxN, 
ore 
1° x 7.2 x 6.023 x 107 
250 
1 = 3.86 x 10 cm 
2 = 2r (for simple cubic unit cell) 
pak gS AOE cao eaa tein 
2 2 
Dominance of strong repulsive forces among the molecules of 
the gas (Z = compressibility factor): (AITMS 2006) 
(a) depends on Z and indicated by Z = 1 
(b) depends on Z and indicated by Z > 1 
(c) depends on Z and indicated by Z <1 
(d). is independent of Z 
[Hint: When Z > 1, the gas is less compressible than ideal 
gas and the repulsive forces dominate. ] 
Total volume of atoms present in a face-centred cubic unit cell 


[Hint: Z 


of a metal is (r is atomic radius): (AIEEE 2006) 
20 3 24 12 16 
— Tr b) — ir . — Fe, .(d) — nr 

@ yr © >. OF @ > 


6 
Tf we knew the ionic radius ratio in a crystal of ionic solid, 


what can be known of the following? [CET (Gujarat) 2006] 
(a) Magnetic property 

(b) Nature of chemical bond 

({c) Type of defect 

(d) Geomettical shape of crystal 
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229, 


230. 


232. 


233. 


234, 


235. 


236. 


237, 


238. 


STATES OF MATTER 


If a volume containing gas is compressed to half, how many 


moles of gas remained in the vessel? 

(a) Just double (b) Just half 
(c) Same (d) More than double - 

The volume-temperature graphs of a given mass of an ideal 
gas at constant pressures are shown below, What is the correct 
order of pressures? (EAMCET 2006; AITMS 2008) 


(DCE 2006) 


(a) R> Py > P, 
(Cc) > Py > P 


(b) Fh, > P, > Ps 
(d) P, >B > P, 


- IfNaCl is doped with 10°‘ mo! % of SrCl,, the concentration 


= 6,023 x 107); 
{CBSE (Medical) 2007] 


(a) 6.02 x 10'° mot! (b) 6.02 x 10!? mot"! 
(c) 6.02 x 104 mol! (d) 6.02 x 10% mot”! 
Coordination number of NaC] crystal will be: 

{PET (MP) 2007] 
(a) 8:8 (b) 6:6 (c) 4:4 (d) 2:2 
The unit cell of Al (molar mass 27 g mol ') has an edge 
length of 405 pm. Its density is 2.7 g/ cm*, The cubic unit cell 


of cation vacancies will be (V4 = 


is: [PET (Kerala) 2007] 
(a) face-centred ‘ (b) body-centred (cc) primitive 
(d) edge-centred (e) simple 
[Hint:z = a xdxN, _ (405x 107°)? x 2.7 x 6.023 x 107 _ 

: 27 


“It is a face-centred cubic unit cell.] 

The 8: 8 type packing is present in: (VITEEE 2007) 

(a) MgF, (b) CsCl (c) KCl (d) NaCl 

Equal masses of methane and oxygen are mixed in an empty 

container at 25°C, The fraction of the total pressure exerted by 

oxygen is: {AIEEE 2007; EAMCET (Med.) 2010] 
1 2 Ly 273 1 

(a) 5 {b) 3 (c) = a 308 (d) 3 

Percentage of free space in a body centred cubic unit cell is : 


{CBSE (PMT) 2008] - 


(a) 34% (b) 28% (c) 30% (d) 32% 
Which of the following statement is not correct ? 


[CBSE (PMT) 2008] 


(a) The number of carbon atoms in a unit cell of diamond is 4. 

(b) The number of Bravis lattices in which a crystal can be 
categorized is 14. 

(c) The fraction of the total volume occupied by the atoms ina 
primitive cell is 0.48. 

(d) Molecular solids are generally volatile. 

If a stands for the edge length of the cubic systems ; simple 

cubic, body centred cubic and face centred cubic, then the 

ratio of radii of the spheres in these systems will be 

respectively : [CBSE (PMT) 2008] 


239, 


240. 


241. 


299 
wipes, (b) la: ¥3a:V2a 
2 2 2 
oe; er 1 1 
c)-a:—a: a d)~a:¥3a:—<a 
©); eo oF (d)> o 
(Hint: Simple unit cell, r=a/l2 
aV3 


Bady centred unit cell, r = re 


a 
Face centred unit cell, r = —= 
ai! 


The term that corrects for the attractive forces present ina real . 
gas in the van der Waals’ ae is: - (IIT 2009) 


n? 
(a) nb ) S 5" (c) — 


Which is not the dh statement te ionic solids in 1 which 
positive and negative ions are held by strong electrostatic 
attractive forces? (DCE 2009) 


(d) ~nb 


sade doa he be a: bested ; 
(a) The ratio — incfeases as coordination number increases 
r 


(b) As the difference in size of ions increases coordination 
number increases 7 

(c) When coordination number is eight, the — ratio lies 
between 0.225 — 0.414 i 

(d) In ionic solid of the type 
coordination number of ont 
and 4 

The packing efficiency of the two-dimensional square unit cell 

shown below is: (IIT 2010) 


CD ~ 


<a> 


OD 


+#—— L—+ 


ZnS, Wurtzite) the 


a S*” respectively are 4 


(a) 39.27% 

(c) 74.05% ; 

(Hint:  a/2=4r 
a=22r 

Occupied area 

~ Total area 

2nr? 
~ Nine 


(b) 68.02% 
~ d) 78.54% 


Packing fraction = x100 


2 x 100 = 78.5%] 


€ 


Set-2: The questions ee below may have more 


1. 


than one correct answers — 


If force of attraction between the molecules is negligible, 
van der Waals’ equation (for one mole) will become: 


(a) PV = RT +Pb AD ee 


(c) PV =RT + al¥ (d) PV = RT -alV 


G.R.B. PHYSICAL CHEMISTRY FOR COMPETITIONS 


. van der Waals’ equation for: 
A. High pressure. (i) PV = RT + Pb 
(ii) PV = RT~alV 


(ii) PV =RT+alV 


B. Low pressure 


C. Force of attraction is 
negligible 

D. Volume of molecules is 

- negligible 
(a) A (iv), B (ii), C (i), D (iii) 
(b) A (i), B (ii), C (iti), D (iv) 
(c) A (iv), B (iii), C Ci), D @ 
(d) A (iv), B Gi), C Gi), D @ 
. van der Waals’ constants for three different gases are given: 


(iv) [P+ ‘ V —b)=RT 


Gases a b 
x 3.0 0.025 
Y 10.0: 0.030 

Z 6.0 0.035 


Which is correct? 

(a) Maximum critical temperature—Y 

(b) Most ideal behaviour—Y 

{c) Maximum molecular volume—Z 

(d) All are correct 

. What is the ratio of mean speed of an O; molecule to the nns 
speed of an O, molecule at the same T ? 

(a) (3n/ 7)? (b) (16/92)? 

(c) (3)? (a) (40/9)? 

. Boyle’s law may be represented as: 


aP . K 
“(Flt 


where, K = constant. 

. Ifpressure of a gas is increased by 1% when heated by 1°C, its 
initial temperature must be (if volume remains constant): 

(a) 1OOK = (b): 100°C. (c) 250K ~— (dd) 250°C 

. Which of the following are not the units of gas constant, R? 
(a) dyne K™ mol”! (b) erg deg™! mol! 

(c) om’ K™ mot! (d) kPa dm* K™ mol" 


8. 


10. 


11. 


. Agas described by van der Waals’ equation : 


According to Charles’ law: 


1 agv\ 
@) Ver (b) (#). =K 
aT 1 Vv be 
© (5), Bi . G 7 zo 


In the following statements : 
(A) ideal gases are liquefied only at very low temperatures 
(B) ideal gases can not be liquefied 


(C) ideal gas behaviour is observed by real gases at low . 
pressures 


(D) ideal gases do not exist 


The correct statements are : (ISAT 2016) 
(a) A, B, C and D (b) A, B and C 
(c) B, C and D (d) C and D 
Which of the following relationships is/are not true? 
(a) Most probable velocity = War 
M 

(b) PV = Sir 
(c) Compressibility factor Z = a 

nRT 
(d) Average kinetic energy of gas = 7 kT 
According to kinetic theory of gases: (HiT 1991) 


(a) the pressure exerted by a gas is proportional to mean 
square velocity of the molecules 

(b) the pressure exerted by the gas is proportional to the root 
mean square velocity of the molecules 

(c) the root mean square velocity is inversely proportional to 
the temperature 

(d) the mean translational KE of the molecule is directly 
proportional to the absolute temperature 

(IIT 2008) 

(a) behaves similar to an ideal gas in the limit of large molar 
volume 

(b) behaves similar to an ideal gas in the limit of large 
pressures 

(c) is characterised by van der Waals’ constant that are 
dependent on identity of the gas but are independent of the 
temperature. 

(d) has the pressure that is lower than the pressure exerted by 
the same behaving ideally. 


Assertion-Reason TYPE QUESTIONS 


” If (A) is incorrect, but (R) is correct. ~ 


Set-1 


The questions given below consist of an ‘Assertion’ (A) and the 
‘Reason’ (R). Use the following keys to choose the appropriate 
answer: 


(a) If both (A) and (R) are correct, and (R) is the correct 


explanation of (A). 


. (b) Lf both (A) and (R) are correct, but (R) is not the correct 


explanation of (A). 


(c) If (A) is correct, but (R) is incorrect. 


2. 


. (A) The heat absorbed during the isothermal expansion of an 
ideal gas against vacuum is zero. 

(R) The volume. occupied by the molecules of an ideal gas is 
zero. (IIT 2000) 

(A) The pressure of a fixed amount of an ideal gas is 
proportional to its temperature. 

(R) Frequency of collisions and their impact both increase in 
proportion of the square root of temperature. (IIT 2000) 


10. 


11. 


12. 


STATES OF MATTER 


~ Cy = R for an ideal gas. 


av} 0 for an ideal gas. 
(A) A lighter gas diffuses more rapidly than a heavier gas. 
(R) At a given temperature, the rate of diffusion of a gas is 
inversely proportional to the square root of its density. 
{A)On cooling, the brown colour of nitrogen dioxide 
disappears. 

(R) On cooling, NO, undergoes dimerisation resulting in the 
pairing of the odd electrons in NO). 

(A) The value of the van der Waals’ constant ‘a’ is larger for 
ammonia than for nitrogen. 

(R) Hydrogen bonding is present in ammonia. 

(A) The Joule-Thomson coefficient for the ideal gas is zero. 

(R) There are no intermolecular attractive forces in an‘ideal gas. 


. (A) At 27°C, the kinetic energy of 8 gram of methane is equal 


to the kinetic energy of 16 gram of oxygen. 


(R) The total heat change in a reaction is the same whether the 
chemical reaction takes place in one single step or in- 


several steps. . (EAMCET 2006) 


(A)A closed cylinder containing high pressure gas tends to . 


rise against gravity when the gas is allowed to escape 
through an orifice at the bottom. 
(R) The velocity of escaping gas develops an upward thrust 
proportional to the area of cross-section of the orifice. 
(SCRA 2007) 
[Hint: Assertion is correct but reason is wrong as the velocity of 
escaping gas is inversely proportional to the area of cross- section 
of orifice.] 
(A) Meniscus of a liquid disappears at the critical temperature. 
(R) Density of liquid and its gaseous phase become equal at 
the critical temperature. [BHU ASereening) 2008] 
(A) Graphite is soft while diamond is hard. 
(R) Graphite has three dimensional structure while diamond 
has planar. [BHU (Screening) 2008] 
(A) White tin is an example of tetragonal system. 
(R) For tetragonal system a = b = canda =B = ¥ #90, 


Set-2 


The questions given below consist of two statements each printed as 
‘Assertion’ (A) and ‘Reason’ (R). While answering these questions 
you are required to choose any one of the following four responses: 

(a) If both (A) and (R) are true and (R) is the correct explanation 


for (A). 


(b) If both (A) and (R) are true but (R) is not the correct 


explanation for (A). 


(c) If (A) is true but (R) is false. 
(d) If both (A) and (R) are false. 


13. 


14. 


15. 


(A) Sulphur dioxide and chlorine are both bleaching agents. 

(R) Both are reducing agents. (AITMS 1994) 

(A) Nitrogen is unreactive at room temperature but becomes 
reactive at elevated temperatures (on heating or in the 
presence of catalysts). 

(R) In nitrogen molecule, there is extensive delocalisation of 
electrons. (AIMS 1996) 

(A) Noble gases can be liquefied. 

(R) Attractive forces can exist between non-polar molecules. 

(ASIMS 1998) 


16. 


17. 


18. 


19. 


20. 


21. 


22. 


23. 
24, 
25. 
26. 


27. 


28. 


29. 
30. 


31, 


32. 


(A) Under similar conditions of temperature and pressure, O, 
diffuses 1.4 times faster than SO,. 

(R) Density of SO, is 1.4 times greater than that of O,. 

(A) On compressing a gas to half the volume, the number of 
moles is halved. 

(R) The number of moles present decreases with decrease in 
volume. 

(A) The plot of volume (V) versus pressure . (P) at constant 
temperature is a hyperbola in the first quadrant. 

(R)V « 1/ P at constant temperature. — 

(A) At constant temperature, if pressure on the gas is doubled, 
density is also doubled. 

(R) At constant temperature, molecular mass of a gas is 
directly proportional to the density and inversely 
proportional to the pressure. 

(A) If H, and Cl, enclosed separately in the same vessel exert 
pressures of 100 and 200 mm respectively, their mixture in 
the same vessel at the same temperature will exert a 
pressure of 300 mm. 

(R) Dalton’s law of partial pressures states that total pressure 
is the sum of partial pressures. 

(A) Most probable velocity is the velocity possessed by 
maximum fraction of molecules at the same temperature. 

(R) On collision, more and more molecules acquire higher 
speed at the same temperature. 

(A) Compressibility factor (Z ) for non-ideal gases is always 
greater than |. 

(R) Non-ideal gases always exert higher pressure than 
expected. 

(A) van der Waals’ equation is applicable only to non-ideal 
gases. 

(R) Ideal gases obey the equation PY = nRT. 

(A) Helium shows only positive deviations from ideal 
behaviour. 

(R) Helium is an inert gas. 

(A) Gases are easily absorbed on the surface of metals, 
especially transition metals. 

(R) Transition metals have free valencies. 

(A) SQ, gas is easily liquefied while H, is not. 

(R) SO, has low critical temperature while H, has high critical 
temperature. 

(A) Diffusion is used in the enrichment of U?*>. 

(R) A lighter gas diffuses more rapidly than a heavier gas. 

(A) Crystalline solids can cause X-rays to diffract. 

(R) Interatomic distance in crystalline solids is of the order of 
0.1 nm. (AIIMS 2004) 

(A) The effusion rate of oxygen is smaller than that of 
nitrogen. 

(R) Molecular size of nitrogen is smaller than that of oxygen. 

(ALIMS 2004) 

(A) The compressibility factor for hydrogen varies with 
pressure with positive slope at all pressures. 

(R) Even at low pressures, the repulsive forces dominate in 
hydrogen gas. (AIIMS 2005) 

(A) Graphite is an example of tetragonal crystal system. 

(R)For a tetragonal system a=b%¥c,a=B=90 and 
y = 120. (ATIMS 2006) 

(A) No compound has both Schottky and Frenkel defects. 

(R) Both defects change the density of the solid. 

(AIIMS 2008) 
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[ -Aaccverd : OBJECTIVE QUESTIONS 


e Set-1 
1. () 2. (d) 3. (d) 4. (a) 5. (a) 6. (b) 7. (b) - 8. (c) 
9. (a) 10. (a) 11. (a) 12. (c) 13. (b) 14. (c) 15. (4) 16. (d) 

17. (b) 18. (b) 19.) 20. @) 21. (d) 22. (b) 23. (a) 24. (a) 
25. (c) 26. (a) 27. (a) 28. id) 29. (b) 30. (c) 31. (a) - 32. (b) - 
33. (a) 34. (b) 35. (b) 36. (a) 37. (d) 38. (b). 39. (c) 40. (b) 
41. (d) 42. (d) 43. (c) 4A. (c) 45. (a) 46. {b) 47. (d) 48. (c) 
49. (c) 50. (c) 51. (d) 52. (b) 53. (d) 54. (c) 55. (a) 56. (a) 
57. (2) «58. (d) ~~. 59. dd) 60. (a) 61. (b) 62. (b) 63. (c) 64. (c) 
65. (4d) «66. (c) 67. (a) 68. (d): 69. (b) 70. (b) 71. (d) 72. (a) 
73. (a) 74, (c) 75. (d) 76. (c) 77.(b-) 78. (c) 79. (d) 80. (a) 
81. (c) 82. (b) 83. (a) 84, (d) 85. (c) 86. (c) 87. (a) 88. (b) 
89. (a) 90. (d) 91. (c) 92. (b) 93. (d) 94, (a) 95. (d) 96. (b) . 
97, (b) 9g. (c) 99. (a) 100. (d) 101. (a) 102. (d) 103. (b) 104. (c) 
105. (c) 106. (a) 107. (d) 108. (b) 109. (b) 110. (b) 111. (@) 112. (a) 
113. (c) 114. (b) . 115. (a) 116. (d) 117. (2) 118. (a) 119. (b) 120. (c) 
121. d) 122. (d) 123. (c) 124. (d) 125. (b) 126. (b) 127. (c) 128. (a) 
129. (a) 130: (c) 131. (b) 132. (a) 133. (d) 134. (d) 135. (a) 136. (b) 
137. (d) 138. (c) 139. (b) 140. (a) 141. (a) 142. (b) 143. (c) 144. (a) 
145. (b) 146. (c) 147. (c) 148. (d) 149. (d) 150. (c) 151. (b) 152. (a) 
153. (c) 154. (b) 155. (d) 156. (c) 157. (c) 158. (b) 159. (d) 160. (b) 
161. (d) 162. (b) 163. (b) 164. (c) 165. (b) 166. (b) 167. (a) 168. (a) 
169. (b) 170. (d) 171. (c) 172. (d) 173. (c) 174. (b) 175. (d) 176. (a) 
177. (4) 178. (b) 179. (a) 180. (a) 181. (b) 182. (a) 183. (c) 184. (b) 
185. (c) 186. (d) 187. (a) 188. (c) 189. (b) 190. (b) 191. (d) 192. (b) 
193. (a) 194. (c) 195. (a) 196. (d) 197. (d) 198. (c) 199. (c) 200. (c) 
201. (a) 202. (b) 203. (c) 204. (c) 208. (a) 206. (b) 207. (b) 208. (a) 
209, (b) 210. (d) 211. (a) 212. (d) 213. (c) 214. (b) 215. (a) 216. (a) 
217. (d) 218. (a) 219. (c) 220. (b) 221. (c) 222. (c) 223. (a) 224. (c) 
225. (b) 226. (b) 227. (d) 228. (d) 229. (c) 230. (b) 231. (b) 232. (b) 
233. (a) 234, (a) 235. (d) 236. (d) 237. (c) 238. (c) 239. (b) 240. (c) 
241. (d) 

e Set-2 
1. (a) 2. (a) —32@  . 40) 5. (a) - 6. (a) 7. (a, 0) 8. (b,c, d) 
9, (c) 10. (d) 11. (b, d) 12. (a,c) 

[ Puswerd. : ASSERTION-REASON TYPE QUESTIONS ———_] 
1. (b) 2. (c) 3. (b) 4, (a) 5. (a) 6. (a) 7. (a) 8. (b) 
9. (c) 10. (a) 11. (c) 12. (c) 13. (c) 14. (c) 15. (a) 16. (c) 

17.) 18. {a) 19. (c) 20. (d) 21. (©) 22. (d) - 23. (b) 24. (b) 


25, (a) 26. (c) 27. (b) 28. (c) 29. (c) 30. (a) 31. (d) .. 32. (d) 


STATES OF MATTER | 
4 BRAIN STORMING PROBLEMS 7 


——“Jlossecrive Questions] for[ ITT ASPIRANTS _\ 


The following questions have single correct option: 


; 2 2 
on n 
1. Which of the following graphs is not a straight line for an ideal ayy (b) nb (c) V 2b (d) val 
gas? nt 
@VoT ()TAP @1n2> : (d) n> 7 Pettitt. “Eupesure ConecHon =e 


. The quantity (PV /k,T )represents the: 
(a) number of molecules in the gas 

(b) mass of the gas 

(c) number of moles of the gas 

(d) translational energy of the gas 


2 


: wn 
Pressure correction pt ] 


. Which of the following conditions is favourable for 


liquefaction of gas? 


(a) T>T,; P > P. (b) T<T,,; P > P, 


[Hint: PV =nRT (c) T=7,,P =P, (d) T=1,,P <P, 
PV 8. An ideal gas of certain mass is heated in a smail vessel and 
oa RT then in a large vessel, such that their volume remains 


. V 
Number of molecules = N , = 


ee ae 2 
(RINT kT 
where, k, = Boltzmann constant.] 
. 1 litre of N, and 7/8 litre of O, at the same temperature and 
pressure were mixed together, What is the relation between the 
masses of the two gases in the mixture? 
(a) My, =3Mo, (b) My, = 8Mo, 
(c) My, = Mo, (d) My, = 16Mo, 
M 
(Hint: PY =— RT 
m 
— 2 rT aa) 


.. Gi) 


unchanged. The P - 7 curves are: 

(a) parabolic with same curvature 

(b) parabolic with different curvatures 
(c) linear with same slope 

(d) linear with different slopes 

(Hint: 


Straight lines with different slopes will be obtained.] 


. Aspherical air bubble is rising from the depth of a lake when 


pressure is P atm and temperature is T K. The percentage 
increase in its radius when it comes to the surface of a lake will 


Dividing eq. (i) by eq. (ii), we get be: (Assume temperature and pressure at the surface to be 
My w= Mo, ] respectively 27 K and P / 4.) 
2% 2 
. A box is divided into two equal compartments by a thin (a) 100% — (b) 50% (c) 40% (d) 200% 
partition and they are filled with gases X and Y respectively. ee aes ee V. <initi Vis 
The two compartments have a pressure of 250 torr each. The Uaint: ; i. qe antab ely! 3 onal oume 
pressure after removing the partition will be equal to: PV, PY. 
(a) 125torr (b) 500 torr (c) 250 torr (d) 750 torr - reg 
. The density of a gas A is twice that of a gas B at the same - 
temperature. The molecular mass of gas B is thrice that of A. V,=2 
The ratio of the pressures acting on A and B will be: 8 
(a) 6:1 (b) 7:8 (c) 2:5 (d) 1:4 Vi = 8V, 
(Hint: P= dRT V¥,=8x~— nr =—n(8r) 
Pym, — ad,RT 
Pam, d,RT New radius = 2r (. 100% radius will increase)] 
Bilas 10. It is easier to liquefy oxygen than hydrogen because: 
Py eae ; i (a) oxygen has a higher critical temperature and lower 
P, : Pp =6:1] : inversion temperature than hydrogen 
A . B baal « 


. Inthe corrections made to the ideal gas equation for real gases, 
the reduction in pressure due to attractive forces is directly 
proportional to: 


(b) oxygen has a lower critical temperature and higher 
inversion temperature than hydrogen 
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. (c) oxygen has a higher critical temperature and a higher 


11. 


12. 


13. 


14, 


15. 


16. 


. (a) O, 


inversion temperature than hydrogen 
(d) the critical temperature and inversion temperature of 


“+ oxygen is very low 


2 mole ‘He’ is mixed with 2 gm of H,. The molar heat capacity 

at constant pressure for the mixture is: 
17R 11R 

(b) ;e (cy 4B 


3R 
(a) ea (d) zs 


[Hint: Cy for ‘He’ = : R; Cp, for H, =iR 
Mye = 25 Me =1 
nCp + Cp, 
Cp =——_——__—— = 
o +m 3 
= _ 


FR” REIRLR 
2 2 


The van der. Waals’ st aa ’ for the gases O,, N,, NH, and 
CH, are 1.36, 1.39, 4.17 and 2.253 respectively, the gas which 
can be most easily liquefied is: 
(b) N, (c) NH, (d) CH, 

[Hint: The van der Waals’ constant ‘a’ is directly proportional 
to the intermolecular force; hence, the gas with greater value 
of ‘a’ can be most easily liquefied.] 


_At what temperature will the molar kinetic energy of 0.3 mole 


of ‘He’ be the same as that of 0:4 mole of argon at 400 K? 
(a) 700K  (b) SOOK (c) 800K = (d) 400K 


[Hint: KE = ; nRT 


n= 1, for molar kinetic energy 


Gxixe x] = (3x1xRx 400] 
2 Helium 2 Argon 


T =400K] 
Let P, and P be the saturated partial pressure and partial 
pressure of water respectively. Then the relative humidity is 


_ given by: 
(a) 2+? x 100 (b) x 100 
: 5 P, 
One Fs 100 (d) (P+ P,) x10 


Molar volume of a monoatomic gas at P, and 7) is 0.5 times its 
molar volume at 10P, and at the same temperature. Ignoring 
the value of the van der Waals’ constant ‘a’, the radius of the 
gas molecules is given by: 


1/3 
(ay O8R% (b) (Sa 
0 PyNn 
©) f 3RT, ‘i mn 3RT, V3 
ae Nr} 20P)t 


where, NV = Avogadro’s number 

A vessel is filled with a mixture of oxygen and nitrogen. At 
what ratio of partial pressures will the mass of gases be 
identical? 

(a) P(O,)= 0.785P(N,) 
(c) P(O,)=114P(N;) 


(b) P(O,)= 875P(Np) 
(d) P(O,) = 0875P(N, ) 


17. 


18. 


19. 


20. 


(Hint: PV =nRT 
PY ="RT 
m 

o RES RE weet) 

Fy V 35a RT . ... Gi) 
"Fo, _ 28 
R32 


2 


Po, = 0875Py, | 


KCI crystallises in the same type of lattice as does NaCl.Given 
that a Lee = 0.55 and Ee / r= 0.74. Calculate the ratio 
of the side of the unit cell for KCI to that of NaCl 
: [PET (Kerala) 2008] 
(a) 1.123 = (b) 0.891 (c) 1.414 — (d) 0.414 
(e) 1.732 
Toy an 
{Hint: Na 0.55, —-<=0.74 
Te Toy 
rs 
Na+ |= 1.55 .. (1) 
fa- 
Laws 
K"_4+1= 1.74 pi) 
ee 
Dividing (2) by (1) 
1,74 "kt - (sage To- 
1.55 la- oe i. Toy- 


Jet Tar 1 109) 

Nat - ele 
8:8 coordination of CsCl is found to change into 6:6 coor- 
dination: 
(a) on increasing the pressure 
(b) on increasing the temperature 
(c) on decreasing the pressure 
(d) on deereasing the temperature : 
An alloy of Cu, Ag and Au is found to have copper constituting 
cep lattice. If silver atoms occupy the edge-centres and gold is 
present at body-centre, the alloy has the formula: 
(a) Cu,Ag,Au (b) Cu,Ag,Au 
(c} Cu,Ag,Au (d) CuAgAu 
{Hint: In ccp arrangement, Cu atoms occupy the corners and 
face-centres. 


“. Number of Cu atoms =8x2 + 6x5=4 


Number of silver atoms = Number of edge - centres x ; 


wi as 
4 


Number of gold atoms = 1 (at body -centre) 

. Formula of alloy = Cu,Ag;Au] 
The anions (4) form hexagonal closest packing and atoms 
(M) occupy only two-third of octahedral voids i in it; then the 
general formula of the compound is: 


(a) MA (b) A, (c) M,A, (d) M,A, 


21. 


22. 


23. 


24, 


25. 


26. 


27, 


28. 
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In a face-centred cubic of A and B-atoms in which A atoms are 
at the corners of the unit cell and B-atoms at the face-centres, 
one of the 4-atoms is missing from one corner in unit cell. The 
simplest formula of the compound is: 


(a) A,B; (b) AB, (c) 47Br, — (d) AgB, 30. 
(Hint: Number of A atoms =< X7= i 
Number of B atoms = 6 xs =3 

7 : 

eee eal 31, 


Molecular formula = A7B5,} 
Select the incorrect statement(s): 
(a) Schottky defect is not shown by CsCl 
(b) Frenkel defect is shown by ZnS 
(c) hep and cep structures have different coordination 
numbers 
(d) at high pressure, the coordination number increases 
Select the incorrect statement: 


v3 
(a) In CsCl unit cell, Fee + es ic i 

; I 
{b) In NaCl unit cell, as te 5 


(c) In CsCl unit cell, 68% space is void 

(d) In NaCl unit cell, 26% space is void 

The ionic radii of Rb* andI ~ are 1.46 and 2.16 A respectively. 

The most probable type of structure exhibited by it is: 

(a) CsCl (b) NaCl (c) ZnS (d) CaF, 

Perovskite is a mineral with the formula CaTiO;. Which of the 

positive ions in the crystal is more likely to be packed in.the 

octahedral hoies? 

(a) Ti** (b) Ti** (c) Ca?* (d) OF 

Which of the following is incorrect ?[ BHU (Sereening) 2003] 

(a) A real gas behaves like ideal gas over a wide range of 
pressure (~ 100 atm) at Boyle point 

(b) Areal gas behaves like an ideal gas over a wide range of 
pressure (~ 100 atm) at critical temperature of the gas. 


© (2) | 


= Qfor an ideal gas 
Vv), . 


fou a ; 
d)) ——| =-—- for areal gas obeying van der Waal’s 
lar, pi g ying 


equation 
[...: : A real gas cannot behave like ideal gas at critical 
temperature. ] 
The number of atoms in 100 g of an fcc crystal with density 
d =10g/ cm’ and cell edge as 200 pm is equal to: 
(a) 3x10° (b) 5x 10% (ce) 1x10 (dd) 2 10° 
In a cep structure, the: 
(a) first and third layers are repeated 
(b) first and fourth layers are repeated 
(c) second and fourth layers are repeated 
(d) first, third and sixth layers are repeated 


29. 


32. 


33. 
(a) temperature 


34, 
_ (a) Benzene 

.. (c) Diethyl ether 

"35. 


36. 


Which of the following compounds represents an inverse 2:3 
spinel structure? 

(a) Fell [Fe'' Fe""]O, (b) PbO, 

(c) Al,O, (d) Mn,0, 

A solid solution of CdBr, in AgBr contains: 

(a) Schottky defects 

(b) Frenkel defects 

(c) Colour centres 

(d) Frenkel as well as Schottky defects 

Which of the following correctly represents the relation 
between capillary rise ‘h’ and capillary radius ‘x’ ? 


-—> f—. 
(a) (b) 
h h 
| 

f— t— 
{c) (d) 

(Hint: Capillary rise decreases with increase in the radius of 

tube.] : 


There is a depression in the surface of the liquid in a capillary 
when: : 

(a) the cohesive force is smaller than the adhesive force 

(b) the cohesive force is greater than the adhesive force 

(c) the cohesive and adhesive forces are equal 

(d) none of the above is true 

(Hint: Depression in the surface takes place when 
intermolecular attraction force of liquid called cohesive force 
doniinates the force of attraction between the liquid and the 
capillary called adhesive force.] 

Surface tension does not vary with: 

{b) vapour pressure 

(c) the size of surface (d) concentration 

Which among the following has the least surface tension? 

(b) Acetic acid 

(d) Chlorobenzene 

The SI unit of the coefficient of viscosity is: 

(a), Ns} m?! (bo) Nsm’ (c) Ns? m™?(d)' Ns? m®? 
Compressibility factor for a gas under critical condition is: 


(a) 3/8 (b) 8/3 () 1 (a) 1/4 
Hint: PY, = ; RT, 
L= ae ood 3 ] 
RT, 8 
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37. .Critical temperature of H,O is greater than that of O, because 


38. 


For van der Waals’ constants ‘a’ and ‘b’, the unit of the ratio ; 
will be: 43 


(a) atm litre! 
(c) litre-atm mol? 


(b) litre-atm mol! 
(d) litre mol”! 


1: an é : = 
[Hint:  Pocection = 7a a Unit of a = atm litre? mol He 
0.63 atm 
Voorrection = 2D Unit of b = litre mol 


atm litre’ mol” 
litre mol! 


a 
Unit of | — | = 
nit.o q 


- (a) AAAA... 


ALY 
_ H,O molecules have: 1S. 3:6 
(a) greater dipole moment 40° 
(b) V-shape 5:4:8 
(c) lesser number of electrons Simplest formula will be X;Y,Z,] 
(d) it has only sigma bonds 42. Which of the following pattern has void fraction of 0.26 ? 


(b) ABABAB... 


(c) ABCABCABC... (d) ABCCBAABC... 


. .Two gas bulbs are connected by a thin tube. Calculate the 
' partial pressure of helium after the connective valve is opened 


at a constant temperature of 27°C : 


1.2 litre 


Cee oe (a) latm —(b) 0.328 atm(c) 1.64.atm (d) 0.166 atm 
= atm litre mol ] PY 0.63 x 1.2 : 
39. Select the correct order of the following temperatures: [Mint : ie = Fr = 5. 0821x300 
Boyle temp. Critical temp. Inversion temp. 28x34 
(A) (B) (C) Dye = 0.0821 x 300 = 0,39 
(a) A>C>B (b} B> A>C i ree 
(c) A>B>C Be ees Xye= —7#2&— = ————__. = 0.0714 
a Mg + ye 0.03 + 0.39 
[Hint: Ts Boyle temp a2 Mave emp) = Rb Total pressure after connecting the bulbs will be: . 
a PV, + PV, = Pp Vi + Va) 
7, (Catical temp.) = 0.63 x 1.2 +2.8 x 3.4 = Pp (1.2 +3.4) 
PST, >t] P, = 2.33 atm 
40. The gas equation for a real gas is: Pre = Xe X Pa = 0.0714 x 2.33 = 0.166 atm] 
PV —b)=RT : 44, Ammonia gas at 76 cm Hg pressure was connected to a 


Here, the parameter ‘b’ is van der Waals’ constant. The graph ° 
of pressure-against temperature (isochore) will give eee 
line of slope: 


(a) ZeIO (b) {c} R/P (d) “negative 


VV —b) 


manometer. After sparking in the flask, ammonia is partially 
dissociated as follows: 

2NH; (g) == N,(g) + 3HA(g) 
the level in the mercury column of the manometer was found 
to show the difference of 18 cm. What is the partial pressure of 
H,(g) at equilibrium? 


41. Accrystalline solid is made of X, Y and Z elements. Atoms of X 
cy y 
form fcc packing; atoms of Y occupy octahedral voids while (a) . ae = a ae oe 
atoms of Z occupy tetrahedral voids. What will be thie simplest (o) ea (d) 24 cm Hg. 
_ formula of’ solid if atoms along one body diagonal are- (Hint: 2NH,(g) == N)(g) + 3H)(g) 
. removed: f . 76 0 0 
> (ay XsY4Zy  (b) XYZ (c) X,¥,Z, (d) XYZ ti, 76-2x x 3x 


[Hint : Number of atoms of X (at packing site, i.e., at corners 
and face-centres) 


Se ne seey | 
8 2 


Number of atoms of Y= 4 
Number of atoms of Z = 8 

Along: one body diagonal there will be two X atoms, one Y 
atom and- two Z atoms are found and are removed. 


Number o! atoms of X will be = 4 — ; x2= : 


Number'of'a oms of ¥ will be = 4 -1=3 
Number of atoms of Z will be = : -2= 


45. 


‘tal pressure after dissociation = 76 — 2x + x + 3x = 76 + 2x 
Increase in pressure = 2x = 18 
x=9cm. 

Partial pressure of H, = 3x =27 cm] 
Two balloons A and B are taken at . 
300K. Maximum capacity of balloon 
Aand balloon B are 800 mL and 1800 
mL respectively. When the balloon 
system is heated; which one will 
burst first? 

(a) Inner balloon (4) 

(b) Outer balioon (B) 

(c) Both balloons simultaneously 
(d) Cannot be predicted 


4600 mL” 


46. 


ye 


Following questions may have more than one correct options: 
1. 
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[Hint : For balloon A : : { 
Vi OY, : 
1.2 . | 
T, eee t 
700 _ 800 PV PV 
300 7; f aan 


T) = 342.85 K 


Vv P— 
For balloon B : (o) (d) 
VV, 
£ 7. es 2. Which of the following equation(s) is/are correct on ne basis 
1600 _ 1800 : . of ideal gas equation? 
300, ove (a) PV = J rr (b) PV = NkgT 
T, = 337.5K. i: a 
Thus, outer balloon B will burst first.] . (c) PV = — RT (d) PP = daRT 
m 
where, N = number of molecules, NV a = Avogadro’s number, 
ky = Boltzmann constant 
3. A gas can be easily liquefied: 
(a) when its inversion temperature equals the Boyle’s temperate 
(b) under. reversible adiabatic expansion 
(c) under pressure when it is cooled below the critical ‘einperatiine 
(d). at low pressure and above critical temperature 
[Hint: (i) Reversible adiabatic expansion lowers the 
temperature hence facilitates the liquefaction of gas. (ii) A gas 
can be liquefied below the critical temperature by increasing the 
pressure. ] 
4, Which of the following quantities are same for all ideal gases 
at the same temperature? 
A gas jar of 10 litre volume filled with O, at 300 K is (a) The kinetic energy of | mole 
connected to glycerine manometer. The manometer shows 5 m’ (b) The kinetic energy of I g 
_ difference in the level as shown in figure. What will be the (c) The number of molecules in 1 mole 


number of moles of O, in the gas jar ? (d) The number of molecules in 1 g¢ 


(Give d giycerine = 2-72 B/ML5 @ percury = 13.6 g/mL). [Hint: (i) 1 mole of a gas always contains 6.023 x 107 cates, 


(a) 0.64 mol (b)04 mol (c)0.94 mol (d) 0.36 mol (ii) Kinetic energy of ideal gases depends only on temperature. ] 


{Hint: (hxd xX g)ug = (2X dX B)siycerine S$. Which of the following statements are correct? 
(AX 13.6)yg = (5X 2.72) ivcerine ; (a) Helium diffuses at a rate 8.65 time as much as CO does 

hyp =m (b) Helium diffuses at a rate 2.65 times as fast as CO does 
p= (1+ 0.76) m (c) Helium diffuses at a rate of 4 times faster than CO, 
on 1760 mm Hg (d) Helium diffuses at a rate 4 times as fast as SO, does 
PV =nRT 6. The viscosity of a liquid molecule depends on: 

1760 (a) the volume of the liquid’ — 

ED 10 = n x 0.0821 x 300 (b) the temperature of the liquid 

n= 0.94 mol] (c) the surface area of the liquid 


~ (d) the structure of the molecule 
7. Viscosity is the property of: : 
Which of the following graphs represent Boyle’s law? (a) liquids —_(b) gases (c) solids (d) all of these 
; §. Which of the following crystals have 6: 6 coordination? 
(a) NH,I (b) MgO (c) MnO (d) ZnS 
9. Which of the following compounds represent a normal 2:3 


t t spinel structure? 
Pp PY - (a) Mg" AITO, (b) Co" (Co™),0, 
(c) Zn(TiZn) O, (d) Ni(CO), 
19. Which type of crystals contain only one Bravis latticé? 
aes ne (a) Hexagonal (b) Triclinic 
(a) (b) (c) Rhombohedral (d) Monoclinic 


11. At which temperature, is a ferrimagnetic solid converted to a 
' ferromagnetic solid? 
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(a) 850K ~—(b) 300K 
12. In NaCl structure, all the: 
(a) ‘cctahedral sites are occupied 
(b) tetrahedral sites are unoccupied 
(c) octahedral as well as tetrahedral sites are unoccupied 
(d) octahedral as well as tetrahedral sites are occupied 
13. The density of a certain solid AB (formula mass = 119) is 2.75 
g/em?. The edge-of the unit cell is 654 pm long. What is/are 
true about the solid 4B? 
(a) It has bec unit cell 
(b) There are four constituents per unit cell 
(c) Unit cell constituted by anion is fec 
(d) Structure is similar to ZnS 
: axdxN 
yee: _ 2 u 
_ (654 x 10° x 2.75 x 6.023 x 107? 
119 


(c) 400K = (d) 600K 


44 


14. The unit cell of a crystalline solid is bounded by / (faces), e° 


(edges) and c (interfacial angle). Which of the following 
relations is correct? ; 
(a) fte=c+2 (b) f+tec=et2 
(c) cte=f+2 (d) None of these 
15. Which of the following. diagrams correctly describes the 
behaviour of a fixed mass of an ideal gas? (7 is measured in K) 
[PMT (Kerala) 2607; CMS Vellere (Med.) 2008; 
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Constant P 


<— 


T-_ 


(e) 
16. Molar mass of Ne atom is ten times of H, molecule. Which of 
the following statement is/are true? 
(a) Both these gases have same Kinetic Energy at 27°C 
(b) H, molecule will travel 10 times faster than Ne atom at 
same temperature 
(c) Pressure of 1 mol Ne atom and 1 mole H, molecules will 
be same : 
(d) Ten mole of H, and 1 mole of Ne will have same volume at 
a temperature of 27°C 
17. Select the correct conditions indicated below the following 


CET (Punjab) 2068] 
Constant T Constant V 
P P oo 
VO TT 
(a) (b) 
Constant T Constant T 


plots: ; 
fsochores isobars 
V3 P3 
@ Va 
(a) % ae (0) 
el Vv P 
a] / ee 4 1 
_ Temp(K) — -273°C 1°C 
(Vz > V2 > V3) (Py < P2 < P3) 
lsotherms isotherms 
. 13 
© § (@) i T 
a T3 T 
f a : 
Volume ——> P= => 


(1, < T2 <T3) (Ty <T2 < Ta) 


@ Single correct option 


1. (d) 2. (a). 3. (c) 4. (c) 
9. (a) 10. (c) 11. (a) 12. (c) 
17. (a) 18. (b) 19. (c) 20. (c) 
25, (a) 26. (c) 27. (b) 28. (b) 
33. (c) 34. (c) 35. (b) 36. (a) 
41. (a) 42.) (6) 43, (d) 44, (c) 
@ One or more than one correct options 
1. (b,c) 2. (a, b) 3. (b,c) 4. (a,c) 
9. (a,b) 10. (a,b,c) 1. (a) 12. (a,b) 


17. (a,¢;4) 


5. (a) 6. (d) 70)  &@ 
13. (d) ~ 14. (b) 15. (c) 16. (d) 
21. (c) 22. (a,c) 23. (c) 24. (b) 
29. (a) 30. (d) 31. (b) 32. (b) 
37. (a) 38. (b) 39. (d) 40. (b) 
45, (b) 46. (c) 

5. (ad) 6 (b, d) 7. (a,b) 8. (a,b) 
13. (b,c) 14. (b) 15. (ce) 


16. (a,b,c) 


, XY ZW 

This section contains 14 questions. The answer to |©@ @ © © 
each of the questions is a single digit integer, ranging g g 2 . 
from 0 to 9. [f the correct answers to question numbers 19 @ @ ® 
X, Y, Z and W (say) are 6, 0, 9 and 2 respectively, then |@ @ @ @ 
the correct darkening of bubbles will look like the Pee 4 8 
given figure : DOOD 
®@®®O® 

OBOE RO) 


1. 4) 2, (12) 
9, (4) 10. (2) 
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Integer Answer TYPE QUESTIONS. 


. Asubstance AxBy crystallises in a face centred cubic lattice. 


Atoms ‘A’ occupy each corner of unit cell and atoms of *B’ 
occupy centre of each face of the cube. Total number of atoms 
of A and B in one unit cell will be... : 


. In KBr crystal structure, the number of second nearest 


neighbour of K* IONS ATE oo. eereeeeeess 


. Density of lithium atom is 0.53 gicm’, “The edge length of Li is . 


3.5 A. The number of lithium atoms in. a unit cell will be 
Bidets . (Atomic mass of lithium is 6.94) 

A cubic solid is made up of two elements P and Q. Atoms of 0 
are present at the corners of the cube and atoms of P.at the 
ied centre. The coordination number of P and Q will be 


. if on are 23 moles of atoms present in the packing of pattern 


ABC ABC ABC ...... The number of moles of tetrahedral voids 
is equal to oe. : 

The number of atoms in HCP unit cell is ....00..... ; 

How many effective Na* ions are present in rock salt NaCl? If 
ions along one axis joining opposite faces are removed? 

How many moles of SO, will occupy a volume of 10 litre at a 
pressure of 15 atm and temperature 624 K? (a = 671 atm L? 
mol; b = 0.0564 litre mol’) . 


3. (2) 4. (8) 
11. (1) 12. (4) 


9. 


10. 


11. 


12. 


13. 


14, 


3.2 g of oxygen and 0.2 g of hydrogen are placed in 1.12 litre 

flask at O°C, The total pressure in atm of the eae will 

Dein i 

A mixture of non reacting gases exert 4 pressure of 5 atm. If 
one of the gases occupy 40% volume of the mixture, what 

would be its partial pressure in atm? 

A gas is found to have.the formula (C,0, ),,. Its vapour eae 

is 34. The value of n will be ............ : 

The weight of hydrogen gas obtained from 42g of CaH, by 

treatment with water is ............. gm. 

The stop cock containing two bulbs of volume 5 litre and 10 

litre containing an.ideal gas at 9 atm and'60 atm respectively ts. 
opened. What is the final pressure in atm if the temperature 

‘remains the same? 

At 400 K, the root mean square. (rms) speed of gas X 
(molecular mass-= 40) is equal to the most probable speed of 
gas Y at 60 K, The-molecular mass of the gas Y is......... 


er (IT 2009) 
: ( Par) par 
{Hint :; ,/——- | =| ,./-—— 
ue x . a ¥ 
[3R400 _ [2R60 
40 m 


30 = 4x30 
im 
m=4] 


5, (6) 6. (6) 7. 3) 8. (3) 
13. (7) 14. (4) . 
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a” =e Linkep COMPREHENSION TYPE QUESTIONS @= ea 


e Passage 1 


- The gases which strictly follow the general equation 
(PV = nRT ) are called ideal or perfect gases. Actually, there is no 
gas which is perfect or ideal. A real gas is one which actually exists, 


whether it obeys gas laws strictly or not. Under ordinary conditions, 


only those gases nearly behave as ideal or perfect which have very 
low boiling points such as nitrogen, hydrogen, cic. The most easily 
liquefiable’' and highly soluble gases such as ammonia, carbon 
dioxide, sulphur dioxide show large deviations. 

A very convenient method of studying deviation of real gases from 
ideal behaviour is through a compressibility factor (Z). 


Fal 
aRT 


(i) Z=1, for ideal gases. 
(i) Z # |, for real gases. - 
Answer the following questions: 
- 1, Consider the equation Z = a mc of the following 


statements is correct? 
(a) When Z> 1, real gases are easier to compress than the 
ideal gas 
(b) When Z = 1, real gases get compressed easily 
(c) When Z > | real gases are difficult to compress 
({d) When Z ='l,real gases are difficult to compress 
2. The compressibility of a gas is less than unity at STP, 


therefore: ; 
(a) V,, > 2241 (b) ¥,, <224L 
{c) V,, = 224L {d) V,, = 44.81 
3. At low pressure, the van der Waals’ equation is reduced to: 
aP 

igen apps (by Zam a4 bP 

RT RT RT RT 

PY, a 

c) PV,,=RT d) Z=—=|-— 
(c) PY, (d) RE ae 


4. At Boyle’s temperature, compressibility factor Z for a real gas 
is: 


(a) Z=1 (b) Z=0 

{c) Z>1 (d) Z<1 

(Hint: At Boyle’s i the real gas behaves like an 
ideal gas.] 


5. The behaviour of a real gas is usually depicted by plotting 
compressibility factor Z versus pressure P at a constant 
temperature. At high temperature and pressure, Z is usually 
more than one. This fact can be explained by van der Waals’ 
equation-when: 

(a) the constant ‘a’ is negligible but not ‘d’ 

(b) the constant ‘b’ is negligible but not ‘a’ 

(c) both the constants ‘a’ and ‘B’ are negligible 

{d) both the constants ‘a’ and ‘B’ are not ene 

6. The units of compressibility factor ac 
(a) atm L (b) atm! 

(c) L (d) unitless 


e Passage 2 


The gas molecules randomly move in all directions and collide 
with each other and with the wall of the container. It is difficult to 
determine the speed of an individual molecule but it has become 
possible to work out the distribution of molecules among different 
molecular speeds. This is known as Maxwell Boltzmann distribution. 

Consider the following graph about Maxwell’ distribution of 
speeds at two different temperatures T, andT, : 


s| ae 2 
Spe | 

any 

Cr) 

Fraction of 

total molecules 


1 
! 
H 
—s 
R 
—-» Speed 


- Answer the following questions: 
1. In the above graph the point ‘P’ refers to: 
(a) root mean square speed at 7, 
(b) average speed at 7, 
({c) most probable speed at 7, 
(d) highest possible speed at 7; 
2. The shaded area represents: 
(a) number of molecules having speed between wu, and u, 
(b) number of molecules having speed less than the most 
probable speed 
{c) number of molecules having ¥,,, at 7, 
(d) fraction of total molecules having average speed 
3. The'point Q refers to: 
(a) number of molecules with speed at P 
{b) fraction of total molecules with speed at P 
(c) root mean square speed 
(d) total kinetic energy of molecules at P 
4. Relation between 7, and 7, is: 
(a) 7 =, (b) 7 >t 
{c) 7, <T, (d) cannot be predicted 
5. Total area under the curve at 7, is: 
(a) equal to that under curve at 7, 
(b) less than that under curve at 7, 
(c) greater than that under curve at 7, 
(d) can be greater or less than that under curve at 7, 
depending on the nature of the gas 
6. Select the correct statement(s): : 
(a) Most probable speed increases with increase in 
temperature 
(b) Fraction of total molecules with most probable velocity 
_ decreases with increase in temperature 
(c) Area under the curve increases with increase in the temperature 
(d) none of the above : 


with van der Waals’ constant as oe 
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7. “The curve has which of the following characteristics? 

(It has symmetrical distribution of molecules against 
molecular velocity. 

(ii)The area under the curve gives the total number of 

molecules. 

(iii)The maxima of the curve shifts towards right as the 
temperature is raised. 

(iv) The area under the curve is independent of temperature. 

Select the correct statements from the codes given below: 

(a) (i), (ii) (b) (i), (ii) and (iii) 

(c) (ii), (it) and (iv) (d) all are correct 


e Passage 3 
The essential conditions for liquefaction of gases were discovered 
by Andrews in 1869 as a result of his study of 


pressure-volume-temperature relationship for CO,. It was found that 
above a certain temperature, it was impossible to liquefy a gas 


whatever the pressure was applied. The temperature below which the ~ 
. gas can be liquefied by the application of pressure alone is called 


critical temperature (T,,). The pressure required to liquefy a gas at 
this temperature is called the critical pressure (P,). The volume 
occupied by one mole of the substance at the critical temperature 
and pressure is called critical volume. Critical constants are related 


8a 


= 3b, P, = 2 
27Rb 


Te : 
Answer the following question. 
1. The relationship between P,,V, and 7, is: 
(a) PV, = RT (b) PV, = 3RT, 
(c) PY, = 2 RT, (@ PY, = : RT. 
2. Which of the following parameters is three times the van der 
Waals’ constant ‘b’ ? 
(a) Critical volume 
(c} Vapour density 
3. The critical temperature of: 
(a) a substance means the temperature above which the 
substance is in vapour form 
(b) a gas is the temperature below which it can be liquefied by 
application of pressure 
(c) water is 100°C 
' (d) none of the above ~ 
4, The pressure required to liquefy a as” at the critical 
temperature {s called: 
(a) reduced pressure 
(c) vapour pressure 


(b) Critical temperature 
(d) Critical pressure 


(b) ertcal pressure 
(d) atmospheric pressure 


5. Gases A B. Cc D 
P, (atm) 2.2 14 35.8 45 
T, (K) 5.1 33 127 140 
Which of the above gases cannot be liquefied at 100 K and 50 - 
, atm? 
(a) D only (b) A only 
(c) AandB (d) CandD 


6. At critical point, the meniscus between liquid and vapour 
disappears due to: 


(a) zero refractive index (b) zero surface tension 

(c) zero viscosity (d) zero critical temperature - 
Gas A can be liquefied at room temperature by applying 
pressure but gas B cannot. This reflects: 

(a) critical temperature of B is less than that of A 


‘ (b) critical temperature of B is greater than that of A 


(c) A and B have critical temperature ae than room 
temperature 

(d) critical temperatures of both are equal 

The values of critical volumes of four gases 4, B,C and D are 
0.025 L, 0.312 L, 0.245 L and 0.432 L respectively. The gas 
with larger diameter will be: 
(a) A 

(c) B 


(Hint: 


(b) D 
@ ra} 


V,=3b =3x4N Sm] 


Ce eM. ae na 


@ Passage 4 


Kinetic theory of gases is a generalization offered by Maxwell, 
Boltzmann, Clausius, etc., to explain the behaviour of ideal gases. 
This theory assumes that ideal gas molecules neither attract nor 
repel each other. Average kinetic energy of gas molecules is directly 
proportional to the absolute temperature. A gas equation called 
kinetic gas equation was derived on the basis of kinetic theory. 


1. 


PV= . mnv? 
3 
Answer the following questier 
Gas . Density 
A 0.82gL" . 
B 0.26 gL? 
Cc 051 gL" 


.Pick up the correct statement/statements: 


1. gas A will tend to lie at the bottom. 

2. the number of atoms of various gases A,B and C are 
same. 

3. the gases will diffuse to form homogeneous mixture. 

4. average kinetic energy of each gas is same. 

(a) 2,3 (b) 1,4° (c) 1 (d) 3, 4 

Select the incorrect statement(s) about the real gases: 


_ 1. The molecules attract each other. 


2. They show deviation from Boyle’s and Charles’ law. 


_ 3, Volume of gas molecules are negligible. 


4. The molecules have negligible mass. 

(a) 2,3 -(b) 1,4 (c) | (d) 3,4 

The average kinetic energy per molecule of an ideal gas is 
equal to: 


(a) 0.5 kJ 
(c) 1.5kT 


(b) 0.5RT 
(d) 1.5RT? 


. Which of the following do not pertain to the postulates of 


kinetic theory of gases? 

(a) The gas molecules are perfectly elastic 

(b) Speed of gas molecules are ever changin; 

(c) Pressure exerted by the gas is due to the collision of 
molecules with the walls of the container 

(d). Kinetic energy of a gas is given by the sum of 273 and 
temperature in Celsius scale 


5 EY, VAT 88> 
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« SELF ASSESSMENT @ 
ASSIGNMENT NO. 4 
| SECTION-I . 9. If the graph is plotted for 1 mol gas in such a way that PV is 


Straight Objective Type Questions 


This section contains 14 multiple choice questions. Each 
question has 4 choices (a), (b), (©) and (d), out of. which only 
one is correct. 


. Boyle’s temperature of four gases are given below: 


Gases A B Cc D 
Tz - 120K 25K 500K ~ 410K 
which gas can be liquified most easily? 

(a) A (b) B ()C (d)D 


. Agas is enclosed in a vessel of volume V at temperature 7, and 


pressure P; the vessel is connected to another vessel of volume 
V / 2 by a tube and a stop cock. The second vessel is initially 
evacuated. If the stop cock is opened, the temperature of 
second vessel becomes 7,. The first vessel is maintained at a 
temperature 7. What is the final pressure P, in the apparatus? 
ye yh @ nh 

T, + 27, 27, + T, T, + T, 


27, + T, 


. The ratio of rate of diffusion of gases A and B is 1: 4. If the. 


ratio of their masses present in the mixture is 2: 3, what is the 
ratio of their mole fraction? 


OF (b) > . © = @; 5 


F —e of a gas at ah is2g¢/L ok the ee density is 
_ 1.8 g/L assuming its ideal behaviour. Then: 


(a) gas behaves ideally 
(b) forces of attraction are dominant among gas molecules 


' (c) forces of repulsion are dominant among gas molecules 
‘(d) none of the above 
. Ina crystalline solid, anions B are arranged in ccp lattice and 


cations A occupy 50% of the octahedral voids and 50% of the 


_ tetrahedral voids. What is the formula of the solid? 


(a) AB (b) 43B, (©) A,B, (d) A,B, 


. In a compound XY,O,, oxide ions are arranged in ccp and 


cations XY are present in octahedral voids. Cations Y. are 


equally distributed among octahedral and tetrahedral voids. - 


The fraction of the octahedral voids occupied is: 


1 1 1 1 
Qs ©); OP: Oo, 


. An at gas: 


(a) can be liquefied if its temperature is more than critical 
temperature 

(b) can be liquefied if its pressure is more than critical pressure 

(c) cannot be liquefied at any pressure and temperature 

(d) can be liquefied if its temperature is more than Boyle’s 
temperature 


. Amineral is made of calcium, titanium and oxygen Ca** ions 


located at corners, Ti** ions at the body-centre and O* ions at 
face-centres of the unit cell. The molecular formula of the 
mineral is....... 

(a) CaTi,0, (b) CaTiO, 


(c) CaTiO,  (d) CaTi,O, . 


10. 


11. 


12. 


13. 


14. 


plotted against P then intercept of the graph for real gas will be: 
(a)RT+Pbht+a (b) RT 
(c) RT —-Pbh+a (d)RT + Pb+ab+a 


The ratio of Boyle’s temperature and critical temperature for a 
gas . 


27 Soe 2 
(a) 5 OS Or id. 


With which of the following elements silicon should be doped 
So as to give p-type semiconductor? [CBSE (PMT) 2068] 
(a) Selenium (b)Boron (c) Germanium (d) Arsenic 
Total volume of.atoms present in a face centred cubic unit cell 
of a metal is (7 is atomic radius): LJEPMER 2008} 

16 20 2 12 
(a) ae (b) a (©) ao (d) 3 tr. 
How many effective Na* and Cl” ions are present respectively 
in the rocksalt (NaCl). If ions along the axis joining opposite 
faces are removed ? ; 

7 77 7 

te Me ce ae one 
Kinetic energy and eer of a gas of unit mole are related as: 


(d) 3,3 


(@P=2E (P= SE ()P=SE (P25 


SECTION-II 


Multiple Answers Type Objective Questions 


15. 


ae 


17. 
(a) NO and O, 


18. 


“19. 


Which of the following measure the deviation from ideal 
behaviour of gas? 
(a) Collision diameter (b) Collision frequency 
(c) Compressibility factor  (d) van der Waals’ constant ‘a’ 
In face-centred cubic unit cell: 
(a) face diagonal-of the cube is av2 or 4r 
(a = edge length, r = radius of constituent units) 
(b) effective number of atoms in the unit cell is 4 
(c) 8 tetrahedral voids per unit cell 


* (d) rank of the unit cell is 3 


Which of the following mixtures of gases at room temperature 
follow Dalton’s law of partial pressures? 
(b) CO and CO, - 


(c) NH, and HC! (d) SO, and O, 


-A real gas can be liquefied: 


(a) under adiabatic expansion 

(b) above critical temperature 

(c) when cooled below critical temperature under applied pressure 

(d) at temperature lower than critical. temperature and 

pressure higher than critical pressure 

Which of the following statements is (are) correct? 

(a) In body-centred cubic unit cell, the coordination number is 
© 12 

(b) The coordination number of each type of ion in CsCl is 8 


STATES OF MATTER 


(c) A unit cell of an ionic crystal shares some of its ions with 
neighbouring unit cell 


(d) If Kee 2) PE = = 181 pm; then edge length of unit 
eal of NaCl i is 552 pm 


SECTION- ill 


‘saséttioa Relein Type Questions 


20. 


21. 


22. 


23. 


24. 


25. 


This section contains 6 questions. Each question contains . 


Statement-1 (Assertion) and Statement-2 (Reason). Each 

question has following 4 choices (a), (b), (c) and (d), out of 

which only. one is correct. 

(a) Statement-1 is true; statement-2 is true; statement-2 is a 
correct explanation for statement-1. 

(b) Statement-1 is true; statement-2 is true; statement-2 is not 
a correct explanation for statement-|. 


‘ (c) Statement-1 is true; statement-2 is false. 


(d) Statement-1 is false; statement-2 is true. 
Statement-1: The pressure inside the LPG cylinder remains 
constant even when it is in use at room temperature. 

Because 
Statement-2: Vapour pressure of any liquid is independent of 
its amount; it depends only on temperature. 
Statement-1; If a gas has compressibility factor (Z ) greater 


_ than unity, then repulsive forces are dominant. 


Because 
Statement-2: Value of Z decreases with increase in pressure. 
Statement-1: The value of Boyle’s temperature for a real gas 


a 
( T, = — : 
Rb Because 


Statement-2: At Boyle’s temperature, 7,, real gases behave 
ideally over a long range of pressure. 
Statement-1: CaCO, shows polymorphism. 

Because 
Statement-2: CaCO, exists in two forms called aragonite and 
calcite. 
Statemént-1: Lead zirconate is piezoelectric solid. 

Because 
Statement-2: Lead zirconate crystals have no dipole moment. 
Statement-1: Band gap in germanium is small. 

Because 


Statement-2: The energy spread of each germanium atomic ee 
(UT 2007); 


energy level is infinitesimally small. 


SECTION-IV 


Matrix-Matching Type Questions 


[ Aaowers 


This section contains 3 questions. Each question contains 
statement given in two columns which have to be matched. 


2. @ 


1. ©) 3. (b) 4. (b) 
9. (b) 10. (b) 11. (b) 12. (a) 
17. (a,b,d) =: 18, (a,¢,d) 19, (b, ¢, d) 20. (c) 
25. (c) 26. (a-p) (b-p) (c-p, s) (d-p, q) 


26. 


27. 


28. 


27. (a-s) (b-r) (c-p) (d-q) 


5,.(6) 


Statements (a, b, c and d) in Column-I have to be matched with 
statements (p, q, r and s) in Column-II. The answers to these 
questions have to be appropriately bubbleéd as illustrated in the 
following examples: 
If the correct matches are (a-p,s); (b-q,r); (c-p,q) and (as); 
then correct bubbled 4 x 4 matrix should be as follows: 


Ic r s 


Match the Column-I with Column-II: 


Column-I Column-Il 
(a) High temperature (p)Z#1 
(b) Extremely low pressure (q) Pb < 7 
(c) Very high pressure (rZ=1 
(d) Low pressure (s) Pb > rs 
Match the Column- I with Column-Il: 
Column-I Column-II 


(Pp) 67.98% 
(q) 26.17% 


(a) Constituent units occupy only corners 


(b) Constituent units occupy corners as 
~ well as face-centres 


(c) “Constituent units occupy comers and = (t) 74.01% 


body-centre 


(d) Constituent units occupy corners and (8) 52.33% 


edge-centres 


‘Match the Column-I with Column-II: (UT 2007) 
Column-I Column-Il 
(a) Simple cubic and (p) Have these cell 
face-centred cubic parameters a=b=¢ 
: anda =B=y 


(b) Cable: and rhombohedral (q) Are two crystal systems 


(r) Have only two 
crystallography angles 
eae a of 90° 
(d) Hexagonal and (8) Belong to same crystal 
monoclinic system 


6. 0) 7. (0) 8. (b) 
13. (d) 14. (b) - 15. (c, d) 16. (a, b, ¢) 
21. © 22. (b) 23. (a) 24, (c) 


28. (a-p, s) (b-p, q) (c-q) (d-q, r) 


5.1 INTRODUCTION 


When two or more chemically non-reacting substances are 
mixed, they form mixtures. A mixture may be heterogeneous or 
homogeneous. A heterogeneous mixture consists of distinct 
phases and the observed properties are just the sum of the 
properties of individual phases. However, a homogeneous 
mixture consists of a single phase which has properties that may 
differ drastically from those of the individual components. 

_ A homogeneous mixture whose composition can-be varied 
within certain limits is termed a true solution. 

- The constituents of -a solution cannot be separated by 
filtratiori, settling or centrifugal action. Ail solutions are 
characterised by (i) homogeneity, (ii) absence of settling and (iii) 
the molecular or ionic: state of sub-division of the components.’ 

When the solution is composed of only two chemical 
substances, it is termed a binary solution. Similarly, it is called 
ternary and quaternary if it is composed of three and four 
components, respectively. Thus, a solution may be regarded as 
a single phase containing more than one component. 


5.2. SOLVENT AND SOLUTE 


Every solution consists of a solvent and one or more solutes. 
Solvent in a solution is its constituent substance which has the 
_ same state of aggregation as that of the solution. Generally, the 
component present in greater amount than any or all the other 
components is called the solvent. For the solubility of solids in 
liquids, where the liquid is present in large excess over the solid, 
there is no ambiguity in these terms, the solid being the solute and 
the liquid being the solvent. However, if the solution is such that 
the state of aggregation of the solution is the same as that of a 
component present in smaller amount, the latter is called the 
solvent. For example, in a syrup (liquid solution) containing 60% 
sugar (a solid) and 40% water (a liquid—same aggregation as 
solution), water is termed as the solvent. In a solution of alcohol 
and water, the substance present in a larger proportion by mass is 
called the solvent. But if both the liquids have same masses in 
solution, it becomes difficult to differentiate between solvent and 
solute.. , 


SOLUTIONS 


(General and Colligative Properties) 


5.3 TYPES OF SOLUTIONS 


All the three states of matter (gas, liquid or solid) may behave 
either as solvent or solute. Depending on the state of solute or 
solvent, mainly there may be the following seven types of binary 
solutions: 


’ Solvent 


S.No.. Solute Example 
1 Gas Gas Air - 
2 Gas Liquid Aerated water (CO, + H,O) 
3. Gas Solid Hydrogen in palladium 
4 Liquid Liquid Alcohol in water, benzene in 
toluene 
5. Liquid Solid Mercury in zinc amalgam 
6. Solid Liquid Sugar in water, common salt 
; In water 
7. Solid . Solid Various alloys 


The solution of liquid in’ gas or solid in gas is not possible 
because the constituents cannot form a homogeneous mixture. 

For a given solution, the amount of the solute dissolved in a 
unit volume of solution (or a unit amount of solvent) is termed as 
the concentration of the solute. Solutions containing relatively 
high concentration of solute are called concentrated solutions 
while those of relatively low concentration of solute are termed 
as dilute solutions. set OY. 

In this chapter, we shall discuss only three types-of solutions: 

(i) Gas in liquid. 

Gi) Liquid in liquid. 

(iii) Solid in liquid. 
5.4 METHODS OF EXPRESSING THE 

CONCENTRATION OF A SOLUTION. 

The concentration of a solution can be expressed in a number of 
ways. The important methods are: - 


(i) Mass percentage or Per cent by mass: It is defined as 
the amount of solute in gram present in 100 gram of the solution. 
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Mass of solute 
Mass percentage of solute = 


Mass of solution 
Mass of solute 


~ Mass of solute + Mass of solvent 


a Mass of solute ei 
Volume of solution x Density of solution 


Mass of solute 
The ratio ——__—--_____ 


is termed as mass fraction. 
Mass of solution 


Thus, 


Mass percentage of solute = Mass fraction x 100 


10% solution of sugar means that 10 gram of sugar is present 
in 100 gram of the solution, ie, 10 gram of sugar has been 
dissolved in 90 gram of water. 

(ii) Per cent by volume: It is defined as the volume of 
solute in mL present in 100 mL solution. 


Per cent of solute by volume’ = NoluMech le 


Volume of solution 
(iii) Per cent mass by volume: 
solute present in 100 mL.of solution. 

Per cent of solute mass by volume. 


Mass of solute 


It is defined as the mass of 


~ Volume of solution 


(iv) Strength or concentration (Gram per litre): It is 
defined as the amount of the solute in gram present in one litre of 
the solution. 


Concentration of solution 
Mass of solute in gram 


Volume of the solution in litres 


Mass of solute in gram 


= x 1000 
Volume of the solution in mL 


Concentration in gram per litre is also termed as strength of 


the solution. Let w 8 of the solute be present in V litre of solution; 
then 


‘Strength or concentration of the solution = : gL! 


[Note: Y is not the volume of the solvent. V is actually the final 
volume after dissolving a definite quantity of solute in the 
solvenf.] 

(v) Parts:per million (ppm): When the solute is present in 
trace quantitiés, it is convenient to express the concentration in 
parts per million (ppm). It is defined as the quantity of the solute 


in gram present in 10° gram of the solution. 
Mass of solute 6 
ppm = 
Mass of solution 
Atmospheric po'Jution in cities is also expressed in ppm by 
volume. It refers to the volume of the pollutant in 10° units of 
volume. 10 ppm of SO, in air means 10 mL of SO, is present in 
10° mL of air. 


(vi) Mole fraction: This method is used when the solution 
is constituted by mixing two or more components. It is defined as 
the ratio of number of moles of one component to the total 
number of moles of the solution (i.¢., all the components). Taking 
three components 4, B and C. 


Components A B Cc 
Mass (in gram) W, Wy W3 
Molecular mass mM, My mm, 
; w w w 
No. of g moles pal ue 3 
m My m; 
WW, Ww 
Total number of g moles = ly 724 73 
my My, mM, 
. w,/m 
Thus, Mole fraction of 4 = eeadts =f, 
WwW ws. 
m mM, mM, 
. w,/m 
Mole fraction of B = 204 = fp 
WW. | W3 
+ 
m Mm Mm 
: w,/m 
Mole fraction of C = nee ee 


Wy Wo Ww 

1472 4 73 

m My, Ms rf 

The sum of mole fractions of a solution is eae! to l, ie, 
fade tle= 4p 


In a binary solution, 
Mole fraction of solute + Mole fraction of solvent = | 


Let moles of solute (B) and N moles of solvent (4) be present 
in a solution. 


Mole fraction of solute = oF =X, 


+n 


Mole fraction of solvent = Bees =X, 
N+n 


Thus, XytX,z=l 
Mole fraction is independent of temperature of the solution. 


(vii) Molality: It is defined as the number of moles of the 
solute present in 1 kg of the solvent. It is denoted by m. 


Number of moles of solute 


Molality (7) = —— 
Number of kilo-grams of the solvent 


Let wg gram of the solute of molecular mass mg be present in 
w4 gram of the suivent, then 


Molality (m)= 2 — 

Mg XW4 

Relation between mole fraction and molality: 
N 


x 1000 


n 
Xp, =———and X, = 
- N+n a 


Xp, —n _ Moles of solute 
X 4 N_ Moles of solvent 


We XM 4 


Mp X Wy 
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Xg X1000 _ wy X1000__ 


X4XM, Mg Xwy 
Xp, x 1000 
or nen PY 
(I- Xg)m, 


Note: (i) Molality is the most convenient method to express the 
concentration because it involves the mass of liquids rather 
than their volumes. It is also independent of the variation in 


temperature. 
(ii) Molality and solubility are related by the following relation : 
Solubility x 10 
Molality = 


Molecular mass of the solute 


Seibert ee 100| 


Mass of solvent in gram 


(viii) Molarity (Molar concentration): — It is defined as the 


number of moles of the solute per litre or per dm? of the solution, - 


i.é., , ; ; 
: Number of moles of solute 
Molarity (4) = -————___-______—_- 
: Number of litres of solution 
or Molarity x Number of litres of solution ‘ 


= Number of moles of solute 


Let wz g of the solute of molecular mass mg be dissolved inV 
litre of solution. 


Molarity of the solution = —“2 
Mz XV 
or Molarity x mg = “4 = Strength of the solution 
IfV is taken in mL (cm? ), then 
Molarity of the solution = —“2— x 1000 
v Mp x V 5 


The unit of molarity is mol litre’ or mol dm™. 


Molarity (second method): Let d = density of solution in 
g/mL and let it contains x % solute by mass. 


Then, mass of | litre solution = (1000 x d ) g 


Mass of solute in 1 litre = a0 x (1000x d )g 


=(xxdx10)¢ 
Number of moles of solute in | litre 
, Mass of solute in gram geass 10. 
~ Gram molecular mass of solute Mp 
where m, = molecular mass of solute 
xxdx 10 


Mp 


M-= 


Molarity of dilution: 


Before dilution After dilution 
MY. = MW, 
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Molarity of mixing: Let there be three samples of solution 
(containing same solvent and solute) with their molarity 
M,,M,,M, and volumes V,,V,,¥, respectively. These 
solutions are mixed; molarity of mixed solution may be given as: 

MV, +M2V, + M3V, =Ma(V¥, +n +V,) 
where, Mx = Resultant molarity - 

V, +V,+V; = Resultant volume after mixing 
Note: Molarity is dependent on volume; therefore, it depends on 


temperature. : 
1M Molar solution, i.e, molarity is | 
0.5 M or M/2 Semimolar 
0.1 M or M/10 Decimolar 
0.01 M or M/100 _Centimolar 
0.001 M or 4/1000 Millimolar ; 
Relationship between molality and molarity: 
1p _ ms 
m M_ 1000 
where, = density of solution 
m= molality 
« M = molarity 


mg = molar mass of solute 


Relation between molarity ‘M° and mole fraction: 
Let M be the molarity of solution, and x,4,x, :be mole 
fractions of solvent and solute, respectively. 


Suppose 7 , and ng moles of solvent and solute are mixed to | 
form solution. , 


Mass of solution=n,4m, +ngmp in oy 


where, m, and mg are molar masses of solvent and solute, 
respectively. 


Mass — (14m, +Npgmg) 
Density d 


Volume of solution = 


1000 
Volume of solution 


Molarity = Number of moles of solute x 


1000 x d 
(nym, +.ngmp ) 


M=nz X 


Dividing both numerator and denominator by (74 +g), 


u-| Mp |x: 1000 d 
CRUG) Se. xm, + "8 xX Mp 


ng tng ny tng 


we Xp x 1000x d 
: X 4M, +XpMpg 


(ix) Normality: It is defined as the number of gram 
equivalents of solute present per litre of solution. It is denoted by 
< N?. ; + 

. Number of gram equivalents of solute 

Normality (VY) = 


Number of litres of the solution 


or Normality x Number of litres of the solution 
= Number of gram equivalents of the solute 


SOLUTIONS 


Let wg gram of the solute of equivalent mass Ez be presar in 
V litre of the solution, then, 


Normality = “ae — no 
Rx 
*B 


Normality x Equivalent mass = 


= Strength of the solution in g/L 


Solutions are expressed as: 
NN N WN 


1N,2N,—,—, > . 
2 10 100 1000 
Like molarity, normality is also dependent on volume, 
therefore, it depends on temperature. 


Normality of solution may be represented as, 


1N Normal solution, i.e., normality is 1 
05 Nor® Seminormal 
' 0.1 Nor x ’ Decinormal | 
10 

N : 
0.01 N or —— Centinormal 

100 

N ceith 
0.001 Nor——— Millinormal 
1000 


Relationship between normality and molarity: We know 
_ that, 


Molarity x Molecular mass = Strength of the solution (g/L) 
Similarly, 
_ Normality x Equivalent mass = Strength of the solution (g/L) 


Hence, ; 
Molarity x Molecular mass = Normality x Equivalent mass 


6g Normality Molecular mass _ 
Molarity Equivalent mass 
So, Normality = 2X Molarity 


[Normality (second method): Let ‘d’ is the density of 
solution in g/mL and’x is the percentage of the solute by mass. 
Then, 
bs xxdx10 


: Equivalent mass of solute 


(x) Formality: It is the number of formula mass in gram 
present per litre of solution. In case, formula mass is equal to 
molecu!ar mass, formality is equal to molarity. Like molarity and 
normality, the .urmality is also dependent on temperature. It is 
used for ionic cou.pcunds in which there is no existence of a 
molecule. Mole of ionic compounds is called formole and 
molarity as formality. 


be 319° 


@ear- 
@aears 


_ rT} [SOME SOLVED EXAMPLES\ SOLVED [SOME SOLVED EXAMPLES) 


Example 1. Calculate the masses of cane sugar aa water 
required to prepare 250g of 25% cane sugar solution. 


Solution: Mass percentage of cane sugar = 25 


"We know that, i 
Mass of solute 
Mass percentage = ———_____— 

oo Mass of solution 


Mass of cane sugar 
- So, 25 = ——_______—— x 100 
250 


or Mass of cane sugar = ee = 62.5 g 


Mass of water = (250 — 62.5) =187.5 g 
_ Example 2. Calculate the molarity of the following 
solutions: ; 
(a) 4g of caustic soda is dissolved in 200 mL of the solution. 


(b) 5.3 g of anhydrous sodium carbonate is dissolved in 100 
mL of solution. 


(c). 0.365 g of pure HCl gas is dissalved in 50 mL of solution. 
Solution: (a) Molecular mass of NaOH = 40 


No. of gram moles in 4 g of NaOH = - = 0,1 


_ Volume of solution in litre = oe D 


: 1000 
Molarity = - No. of moles of solute _ 0.1 -0.5M 
Volume of solution in litre 0.2 
(b) Molecular mass of anhydrous Na,CO; =106 


No. of gram moles in 5.3 g of anhydrous Na,CO, 


= 23 = 0.05 
106 
100 
Volume of solution in litte = ——— = 0.1 
1000 ; 
: No. of gram moles of solute 
Molarity = ———_—-—_-____-— 
Volume of solution in litre 
eo UMP EGS 
0.1 
(c) Molecular mass of HCl = 36.5 
No. of gram moles in 0.365 g of pure HCl = — 


Volume of solution in litre = it, 
; 1000 


No. of gram moles of solute 


Molarity = ae 
we Volume of solution in litre 
_ 0.365 - 1000 _ p> 
36.5 50 
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. Example 3. The density of a solution containing 13% by 
mass of sulphuric acid is 1.09 g/mL. Calculate the molarity and 
normality of the solution. 


Solution: Volume of 100 g of the solution 
_ 100 _ 100 


“d 1.09 
100 


eee |, 
1.09 x 1000 


a cee. litre 
1.09x 10 


Number of moles of HSO, in 100 g of the solution = ss 


No. of moles of H,SO, _ 13 


. 1.09 x 10 
Molarity = = =— X 
Volume of soln.in litre 98 1 
=1.445M 
[Note: In solving such numericals, the following formula can be 
applied: 
; % strength of soln. x density of soln. x10 
Molarity = 
Mol. mass 
Similarly, . oe 
Oh % strength of soln. x density of soln. X10 
, Normality = = 
au Eq. mass 
“. We know that, ° 

Normality = Molarity x n 

= 1.445 x2 |, = Mol. mass _ 98 _» 
Eq.mass 49 
= 2.89 N 
Example 4. Calculate the molarity of pure water 
(d=1g/ mL). 
Solution: Consider 1000 mL of water. 


Mass of 1000 mL of water = 1000x1=1000g ° 


No. of moles of water = a =55.5: 2 


Molarity = No. of moles of water 


Volume in litre 


= 22 = 55, 5M 


Example 5. Calculate the quantity of sodium carbonate 
(anhydrous) required to prepare 250 mL solution. 
Solution: We know that, 


Mo larity = Ee 
x 


where, w= mass of Na,CO, ing, 


M = molecular mass of Na,CO, in gram = 106 


Y= volume of solution in litre = oe = 0.25 
Molarity = oa 
10 
Hence, i = ee S.. 
10 106x025 
or w= uw = 2.65 g 


Example 6. 214.2 g of sugar syrup contains 34.2 g of 


sugar. Calculate (i) molality of the solution and (ii) mole fraction 
of sugar in the syrup. 


Solution: (i) Mass of sugar = 34.2 g 
No. i moles of sugar = goeaes 52 = Ea =0.1 
Mol.mass 342, 


Mass of water = as 2-34 ry 


= 180 == k 
5” 7000 © 


No. of moles of water = era = = 10 


No. of moles of sugar 9] 


«= Molality = = 
y 180 


x 1000 
Mass of water in kg 


= 0.555 m 
Gi) Total number of moles = 10.0 + 0.1 =10.1 


we 


No. of moles of sugar 


us 
wa 


* Mole fraction of sugar = 


Total number of moles 


Example 7. A solution contains 410.3 g of H,SO, per litre 
of solution at 20°C. If the density is 1.243 g/mL, what will be its 
molarity and molality? 


Solution: Mol. mass of H,SO, = 98 


No. of moles of H,SO, = —- = 4.186 


No. of H,SO 
Molarity of H,SO, solution = 80-0! moles of H2SO, 
Volume of soln. in litre 


= St = 4.186M 


Mass of 1 litre H,SO, solution = 1000 x 1.243 =1243 g 
Mass of water = (1243 — 410.3) = 832.7 g = can k 
Molality of solution = Noo molest $0, 


Mass of water in kg 


_ 4.186 x 1000 


= 5.027 m 
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Example 8. The density of a 2.03 M solution of acetic acid 


(molecular mass 60) in water is 1.017 g/mL. Calculate the * 
molality of the solution. 
Solution: Strength of the solution - 
= Molarity x mol. mass 
= 2.03 x 60= 121.8 g/L 
Density of solution =1.017 g/mL 
Mass of 1 litre of solution = 1000 mL x1.017 g/mL 
=1017¢g 
Mass of water = 1017'~ 121.8 = 895.2 g= fen kg 


as x 1000 = 2.267 m 


Molality = 


Example 9. The density of a 3 M sodium ‘niceciiad 
liken (Na, 03 )is 1.25 ¢/mL. Calculate (i) the percentage by 
“mass of sodium thiosulphate, (ii) the mole diacaon of 
sodium thiosulphate and (iii) molalities of Na* and S sOn ions. 


(i) Mass of 1000 mL of Na,S,0, solution 
= 1.25 x 1000= 1250g 

Mass of Na,S,Q, in 1000 mL of 3 M solution 

= 3x Mol. mass of Na 25203 


Solution: 


Mass percentage of Na,S,0, in solution 
= 47 100 = 37.92 
1250 
Alternatively, = 2~2*10 
. 
3 XX 1.25% 10 
158 

x= 37.92 . 

(ii) No. of moles of Na2S,03 = - 3 


Mass of water = (1250 — 474) =776 g 
No. of moles of water = = = 43.] 


. Mole fraction of Na,S,0, = Ba tie 0.065 


43.1+3 46.1 
(iii) No. of moles of Na* ions 
= 2x No. of moles of Na,S,0; 
=2x3=6 
No. of moles of Na* ions 


Molality of Na* ions = 
~~ Mass of water in kg 


= © x 4000 
716 


=7.73m 


No. of moles of S037 ions = No. of moles of Na,S,0, 
aa 
Molality of S,O3” ions = x 1000 = 3.86 m 


“Example 10. A solution is prepared by dissolving 5.64 g of 
glucose in 60g of water. Calculate the following: 
(i) mass per cent of each of glucose and water, 
(ii) molality of the solution, 
(iit) mole fraction of each of glucose and water. 
Solution: (i) Total mass of solution 


= 5.64 + 60= 65.64 g 


Mass per cent of glucose = chad x 100 = 8.59% 
65.64 


Mass per cent of water = (100 — Mass per cent of glucose’ 
= (100 — 8.59) =.91.41% 


- (ii) No. of moles of glucose = i 


Mass of water in kg = 20h 
‘ 1000 
Molality = ib a8 1000 _ 0. 522 in 
180 60 


(iii) No. of moles of glucose = oe = 0. 0313 


No. of moles of water = ‘ = 3.333 


0.0313 


Mole fraction of glucose = = 0.0093 
3.333 + 0.0313 
Mole fraction of water = pete 2 = 0.9907 
3.333 + 0.0313 


Hae Example 11. What would be the molality of a solution 
made by mixing equa volumes of 30.0% by mass of H,SO4 
(density 1.218 g cm™ ) and 70% me mass of H,SO, (density 
1.610 g cm)? 


Solution: Let 100 mL of one solution be mixed with 100 mL 
of the other solution. 


Mass of 100 mL of 30% H,SO, =100 X1.218 =121.8 g 
Mass of H,SO, in 121.8 g of 30% H,SO, 


30, 
=-——— X 121.8 g = 36.54 
100 . ° 


Mass cf water = (121.8 — 36.54) = 85.26 g 
Mass of 100 mL of 70% H,SO, =100 x1.61=161.0 g 


"Mass of H,SO, in 161.0 g of 70% H,SO, 


70 
=—— X161.0g=112.7 
100 =. : 


Mass of water.= (161.0 -112.7) = 48.30 g 
Total H,SO, in solution = 36.54 + 112.7 = 149.24 g 
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No. of moles of H,SO, = ees 


Total mass of water in solution = (85.26 + 48.30). 


133.56 
= 133.56 g =——— k 
e900 
Molalit No. of moles of H,SO, _ 149. 24 1000_ 
a Mass of water in kg 9 “7133.56 


=1]1.4m 


’ Example 12. The mole fraction of CH,OH in an aqueous. 
solution is 0.02 and its density is 0.994 g cm™. Determine its 


molarity and molality. 
Solution: Let x mole of CH,OH and y mole of water be 
present in solution. 
Mole fraction of CH,0H = = 0.02 
a: x+y 
So, . *=49 or ged 
x y 49 
Mola Ss =ei 000s =i 350 
18x y 18x 49 
Volume of solution = ioe ies = SP isy 
. density 0.994 
= 32x + 18y es 32x+18y litre 
0.994 x 1000 994 
Molarity = = ___* ___ x 994 
32x+18y 
994 994 


= = = 1.0875 M 
32+18x y/x 32+18x 49 

_. Example 13. Calculate the concentration of NaOH 

solution in g/mL, whicii has the same normality as that of a 

solution of HCl of concentration 0.04 g/mL. ° 

_ Wz X 1000 0.04 x 1000 | 


Solution: Ne =e 095 
En xV 36.5x 1 
Nwow = Nac 
1.095 = Wg x 1000 
40x 1 


Wa = 0.0438 g/mL, 


_ Example 14. How many Na* ions are present in 50 mL of - 


a 0 5M solution of NaCl? 
Solution: Number of moles of NaCl = = 
- 0.5x 50 - 0.025 
fe 1000 
NaCl —> Na* + Clr 
Number of sae of Na* = Number of moles of NaCl 
= 0.025 
‘Number of ions sof Na* = 0025 x 6.023 x 10° 
= 1,505 x 107 
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Example 15. Reaction, 
2Br" (aq) + Cl, (aq) — 2Cl “ (aq) + Br, (aq) 
is used for commercial preparation of bromine from its salts. 


_ Suppose we have. 50 mL of a 0.06 M solution of NaBr. What 


volume of a 0.05 M solution of Cl, is needed to react completely 
with the Br”? 
Solution: 2Br™ (aq) + Cl.(ag) —— 2Cl (aq) + Br, (aq) 
MV (Brv ) _ M2h2(Cl,) . 
my ny 
where, n, and n, are corresponding coefficients. 
0.06x 50 0.05xF, 
ae eae tar Kies 
¥V, =30mL 


“Example 16. Calculate the molarity, molality and mole 
Ficeon of ethyl alcohol in a solution of total volume 95 mL 
prepared by adding 50 mL of ethyl alcohol (density = 0.789 mE!) 


to 50 mL water (density = 1.00 g mI"). 


Solution: 


Vol. x density 
No. of moles of ethyl aleohol = —_-_—_—_—— 
; Mol. mass ° 


_ 50% 0.789 _ 9 9576 


Vol. x density 50x 1 
Mol.mass —‘18 
=2.77177 


i 
x 1000 


No. of moles of water = 


-No. of moles 
Vol. of sol. in mL 
_ 0.8576 
95 


Molarity = 


x 1000 = 9.027 11 


No. of moles of — .ute 


Molality = x 1000 


Mass of solvent rams 
_ 0.8576 
50 


x.1000= 32m 


0. 3576+ 2. TTT 3, 6353 


5.5) SOLUTIONS OF GASES IN LIQUIDS 
(Solubility of Gases) 


All gases are soluble in water as well as in other liquids to a 
greater or lesser extent. Solutions of gases in water play an 
important role in our daily life. The common examples are 
carborated beverages, ie., soft drinks, household cleaners 
containing aqueous solutions of ammonia, formalin-an aqueous 
solution of . formaldehyde, etc. The natural waters contain 
dissolved O, which is vital for the existence of aquatic life in sea, 


.Tivers and lakes. 


The solubility of a gas in a liquid is expressed in terms of 
absorption coefficient. It is defined as the volume of the gas in 
mL that can be dissolved by 1 mL of a liquid solvent at the 
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temperature of the experiment at one atmospheric pressure. The 
volume of the gas is measured at STP. Thus, if v is the volume of 
the gas dissolved, reduced to STP, Vis the volume of the solvent 
and P is pressure of the gas in atmospheres, then the absorption 
coefficient, a, is given by 
: “oy 
VP 
_ The following factors affect the solubilities of gases in liquids: 
(i) Nature of the gas and solvent : Generally, the gases which 


‘can be easily liquefied are more soluble in common solvents. For. . 


example, CO, is more soluble in water than oxygen or hydrogen. 
The gases which react with the solvent posses higher solubility. 
For example, HCl and NH, are highly soluble in water. 

_ Oxygen, nitrogen and carbon dioxide are much more soluble 
in ethyl alcohol than in’ water at the same temperature and 
_ pressure. _ 

(ii) Temperature : The solubility of most of the gases’ in 
liquids decreases with increase of temperature as the dissolution 
is an exothermic process. When water is heated in a beaker, 
bubbles of air are formed on the sides of the glass before the 
water boils. As the temperature rises, the dissolved air molecules 
begin to “boil out” of ae solution long before the water itself 
boils. 


Solubility (molAitre}—» 


720 40.60 80 100 120 
Temperature (C) ——> 


. Fig. 5.1 Temperature dependence of O, gas 
, solubility in water 


The reduced solubility of molecular oxygen in hot water has a 


direct bearing on thermal pollution, i.2., the heating of the 
environment—usually waterways—to temperatures that are 
harmful to its living inhibitants. 

(iii) Pressure : The most important factor which influences 
the solubility of a gas in a liquid is the pressure. The effect of 
pressure on the solubility of the gas in the liquid is given by 
Henry’s law, which states that the solubility of a gas in a liquid is 
directly proportional to the pressure of the gas over the solution 

. at a definite temperature. The solubility is taken as the mass of 
the gas dissolved per unit volume of the liquid. Thus, if is the 
mass of the gas dissolved per unit volume of the solvent and P is 
the pressure of the gas in equilibrium with the solution, then . 


Se 


max Po : 
or ‘m= KP ; en (8) 
where, K is the proportionality constant. 
When P=1, m=X,i.e., the solubility of the gas at unit 
pressure is equal to constant K. The value of K is different for 
each gas at a particular temperature. The magnitude of X depends 
upon the nature of the gas, nature of solvent, temperature and the 
units of pressure. Equation (i) represents equation of straight line 


+ eee 
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(y = mx) passing through origin. Fig. 5.2-shows the variation of 


solubility of some gases against equilibrium pressure. The 


straight line graphs show the validity of Henry’s law. 


Slope of the fine 
‘tan 6°=K 

tan 01 = K(for Ng) 
tan 62 = K(for G2) 


Solubility —>. 


Pressuré of gas ——> 
over liquid 


Fig. 5.2 Variation of solubility of a gas with pressure 
If solubility of the gas is known at one particular pressure, 
then it can be calculated at other pressures using the following 
relation, 


ses ii) 


m, P, 


* where ‘m,’ is the solubility of the gas at pressure ey and ‘m,"is 


the solubility of the gas at pressure ‘P,’. 
When a mixture of two or more non-reacting gases is brought 
in contact with a solvent, each constituent gas dissolves in 
proportion to its own partial pressure. Henry’s law can be applied 
to each individual gas independent of the presence of other gas. If 
we use the mole fraction of the gas in the solution as a measure of 
its solubility, then the law can be stated as, “mole fraction of the 
gas ina solution is proportional to the partial pressure of the 


” 


gas. 


xP 
where, x =-mole fraction of the gas in solution ~ 


t = a Git) 


‘Ky is called Henry’s law constant. Different gases have 
different values of K,, at a definite i for a given 
solvent. 


and p= partial pressure of the gas. 
or x=K’p 


or paax=Kys 


Table. 5.1 Values of Henry’ s Law Constant (K,, ) for Some 


Common Gases in Water 
Es ; 


Gas * ‘Temperature (K) Ky (k bar) 
He 293 144.97 
H,° 293 69.16 
N, 293, “76.48 
No 303 88.84 
OQ 293 34.86 
Og 393 46.82 


From eaaation (ii), it can be inferred that highcr is the value 
of Henry’s law constant, the lower is the emcees ¥ the gas in 
the liquid. 
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Limitations of Henry’s Law 

Henry’s law holds good 
fulfilled : 

(i) The pressure is not too high, 

(i) The temperature is not very low, 

(iii) The gas does not chemically combine with the solvent. 

The gas molecules do not either dissociate or associate in the 
solvent. In case the dissolved gas reacts with the solvent, higher 
solubilities can result, The solubility of ammonia in water is 
much higher than expected because of the following reaction : 

NH, + H,0=NH,OH=—= NHj + OH™ 
Carbon dioxide also reacts with water. 
CO, +H,0=—H,Co, 


if the following conditions are 


Another interesting example concerns the dissolution of | 


oxygen in blood. Normally, oxygen gas is only sparingly soluble 
in water. However, its solubility in blood is abnormally high 
because.of the high content of haemoglobin (Hb) molecules, 
which are eventually delivered to the tissues for use in 
metabolism. 
Hb + 40, — Hb (O, J, 
Due to these processes, Henry’s law is not strictly followed. 


Applications of Henry’s Law 


1. Soft drink bottles are sealed at high pressure, to increase the 
solubility of CO, in the soft drink. , 

2. At high altitude, partial pressure of oxygen is low, it leads to 
low coricentration of oxygen in blood of people living there. Low 
 con&ntration of oxygen develops anoxia, i.e., unable to think 
and act properly. — 

3. When. scuba divers go deep in the sea, solubility of 
’ atmospheric gases increases in blood. When the divers come up, 
there is release of dissolved gases and it leads to the formation of 
_ bubbles of nitrogen in our blood capillaries and hence there is 
painful sensation called bends. To avoid bends; the tanks of 


scuba divers are filled with 11.7% He, 56.2% N, and 32.1% © 


oxygen. 


[Note : (4) Gases are less soluble in aqueous solutions of electrolytes 
than in pure water. It is called salting out effect. 
(ii) Non-electrolytes such as sugar if present in a solution also 


reduce the solubility of gases in water.] 


2 - Example 17, Calculate the concentration of CO, in a soft 
drink that is bottled at partial pressure of CO, of 4.atm’ over the 
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6.56x107 1 
5% 107 P, 


liquid at 25°C. The Henry’s Law constant Sor CO, in water ate 


25°C is 3.1x 107 mol/litre-atm.- 
Solution: According to Henry’s Law: f i 
1 S=KP#3.1x 10" x4=0.12mol litre? po. 
-Exampleé.18. / The partial pressure of ethane, over a 
saturated soliitio containing 6.56 10 g of ethane’ is | bar. If 
the solution contains 5x107 gof hare then what'shall be'the 
partial pressure of the gas? aoe pee 


Solution: —- “ls R ; 


S, Py 


_ (a) 1.14 mol kg™ 


L. 05M H,SO, is diluted from 1 litre to 10 litre, normality of the 


resulting solution is: (AFMC 2005) 


(a) 1'N (b)O1N (ION (d)1IN 
[Ans. (b)] 
[Hint = MV, = MV, 
0.5x1=M, x10 
M, = 0.05 


N =M x basicity of acid = 0.05 x 2=0.1N] 


. Molar solution means 1 mole of solute present in: 


|BCECE (Mfedical) 2005} 
(b) | litre of solvent 
(d) 1000 g of solution 


(a) 1000 g of solvent . 
(c) 1 litre of solution 


’ [Ans. (c)] 
. The molarity of a solution containing 50 g of NaCl in500 g of 


a solution and having a density of 0.936 g/cm? is: 


(a) LSM (b)16M (18M (Md)12M 
_[Ans.  (b)] 
(Hint: Af ~1xdx10 (i) 
Mg P 
2oY ie =16 
500 
_ 100.936 x10 | gay) 
58.5 


. 20 mL of 0.5 M'HC1 is mixed with 30 mL of 0.3 M HCI, the 


molarity of the resulting solution is: 


(a) 0.8 M (b)053M (c)038M (d) 083M 
fAns. (c)] ; 
(Hint: MV, + MV, =M,(V; + 
05 x 20+ 0.3 x 30= Mp x 5! 
= 038M oe slags 
where, Mf, = resultant molarity o mixture} 


- How many moles and how many .,.ams of NaCl are present in 


250 mL of a 0.5 M NaCl solution? 
(a) 0.125 mol; 7.32 g (b) 7.32 mol; 0.125 g 
(c) 0.125 mol; 0.125 g . (d) 7.32 mol; 7.32 g 


. fAns. (a)] 


{Hint: Number of moles = MY af rest: 7 0, 125 
1000 1000 
Mass of NaCl = 585 x 0.125 = 7.32 g] 


. Density of a 2.05 M solution of acetic acid in water is 1.02 


g/mL. The molality of the solution is: (AIEEE 2006) 


(b) 3.28 mol kg™! 


(c) 2.28 mol kg™ (d) 0.44 mol kg 


fAns. (c)] 
Hint: | = — 241000 __ __2.05 1000 
1000d— Mm, — 1000x 1.02— 2.05 60 


=.2.28 mol kg7' ] 


7. The hardness of water sample containing 0.002 mol of 


10. 


Me 
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magnesium sulphate dissolved in a litre of water is expressed " 
as: RY (Slyeniad 2oayt 


(a) 20 ppm (b) 200 ppm = (c) 2000 ppm (d) 120 ppm 
(e) 240 ppm 

-[Ans. (b)] 
[Hint: 10° g water contains (0.002 x 1000) mol MgSO, 


1 mol MgSO, = 1 mol CaCO; 
2 mol MgSO, = 2 mol CaCO,, 7.e,2 x 100 g CaCO, 


Hardness of water = 200 ppm] 
The density (in g mL) of a 3.6 M sulphuric acid solution, 
i.e.,29% H,SO, (molar mass = 98 g mol”') by mass will be: 
(ALTER EE 2007) 


(a) 1.45 (b) 1.64 (c) 1.88 (d) 1.22 
{Ans. (d)] 
xxdx10 
int: M =————_— 
[Hin = 
Mx mg =o POX 78 1 op eins" 
x x10 29 x 10 


1 litre solution containing 490 g of sulphuric acid is diluted to 
10 litre with water. What is the normality of the resulting 


solution? SCRA MET) 


aO5N (bp 10N (c) 5.0N (d) 10.0 N 
[Ans. (b)] 
[Hint; N= Wg 1000 _ 490 x 1000 _ 
Ey xV 49 x 1000 — 
NV, =N2¥2 
10x 1l=N, x10 


250 mL of a Na,CO; solution contains 2.65 g of Na,CO . 10 
mL of this solution is added to x mL of water to obtain 0.001 M@ 
Na,CO; solution. The value of x is.. 

(Molecular mass of Na,CO, = 106 amu) [BHU (Mains) 2008] 


(a) 1000 (b) 990 (c) 9990 (d) 90 
[Ans. (b)] 

[Hint : Molarity of solution. 

wg X 1000 _ 2.65 x 1000 _ 
M= 
mp XV 106 x 250 
MV, =M2V, 
0.1 10 =0.001 (10 + x) 
x= 990 mL] ‘ > 


The volumes ef two-HCl solutions 4-(0:5.N ) and B (0.1N to 
; be mixed for preparing 2 L of 0.2 NHClare: 


‘EAMCET (Med) 2008] 
(a)0.5LofA+15Lo0fB 
(b) 1.5 LofA+0.5 LofB 
(c) 1 Lof4+1LofB 
(d) 0.75 L of A +1.25LofB 
[Ans. (a)] 
[Hint : Let x L of A and (2 — x) L of B are mixed. 
MV, + MV, =Mg(V, + V2) 
0.5xx4+ 0.1(2-x)=02x2 


(0.5 —-0.1)x =0.4— 0.2 
04x =0.2 
.x=0.5L 
“. 0.5 Lof A and 1.5 Lof B should be mixed.] 


5.6. SOLUTIONS OF LIQUIDS IN LIQUIDS 


When one liquid dissolves in another, the molecules of the 
solvent are caused to move apart so as to accommodate the solute 
molecules. Similarly, the solute molecules must also be separated 
so that they can take their places in the mixture. In both these 
processes, energy is required. Finally, as the solute and solvent 
molecules are brought together, energy is released because of the 
attractive forces between them. When solute and solvent . 
molecules are strongly attracted to each other, more energy is 
released in the final step. Three cases may arise under these 
circumstances. The overall dissolution process results either in 
evolution of heat or absorption of heat, or energy released in the 
final step is the same as the energy absorbed in the first two, ie., 
net change is zero. 


Examples: : 
1. Benzene and carbon No evolution or absorption 
tetrachloride: of heat. 


2. Acetone and water: Evolution of heat. 

3. Ethyl alcohol and water: _ | Absorption of heat. 

A liquid may or may not’ be soluble in another liquid. 
Depending upon the relative solubility of a liquid in another, the 


following three cases are possible: 


Liquid-Liquid Systems a 
{ Rid 

2 

3. Liquids that 


1. Liquids that are 2. Liquids that 


completely - are partially are practically 
miscible. miscible. immiscible. 
Examples: Examples: Examples: 
Benzene and Ether and wa- Benzene 
toluene; ter; Phenol and water; 
Ethyl alcohol and water; Carbon tetra- 
and water; Nicotine and chloride and 
Carbon  tetra- water. water; Ben- 
chloride and zene and 
benzene. alcohol. - 


Miscible liquids form three types of solutions, which can be 
ideal or tion-ideal solutions. . . ... 2, sta. 
_ Ideal .solution:. An ideal - ealaien’ is*one in - which “the 
molecules attract one another with equal force irrespective of 
their. nature. Thus, a solution composed of two components 
AandB will be~an~ideal--one -1f- the forces between 
Aand 4,Band B should be the same. An ideal solution 


_ possesses the following characteristics: 


(i) Volume change of mixing should be zero. 
AV yin = 93 Veotvonr + Veore = sot 

(ii) Heat change on mixing should be zero. 
AF aix = 0(Heat is neither absorbed nor evolved.) 


(iii) There should be no chemical reaction betyveen solvent 
and solute. 


ution 
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solutions must obey Raoult’s law at all 


(vi) Ideal 
H,O +NH, -—>NH,OH _ concentrations. 
H,0 +CO, -——->H,CO, Non sisal The following are some of the binary mixtures which show the 
H,O. + CaO Accs Ca(OH), properties of ideal solutions: 


(iv) Solute molecules should not dissociate in the ideal 


solution. 


Acie medium 


NaCl —————> Na* + Cl" 


Aqueous medium 


H,SO, . asses 2H* + SOF 


(v) Solute molecules should not associate in ideal solution. 


COOH Dissolved 
in inbenzene 
z CO eet a 


pH, 


OY ae a) Non-ideal 


(a) Benzene and toluene, 
(b) Carbon tetrachloride and silicon tatrwehionide, 


(c) n-Hexane and n-heptane, 
(d) Ethylene dibromide and ethylene dichloride. 


; 4 
Non -ideal Raoult’s Law 


According to this law, the partial pressure of any volatile 


constituent of a solution at a constant temperature is equal to 


_ the vapour pressure of pure constituent multiplied by the © 
mole fraction of that constituent in the solution. 


Let a mixture (solution) be prepared by mixing n, mole of- 


liquid A and ny mole of liquid B. Let p, and pz be me Calan 
pressures of two constituents A and B in solution and iy A and p$ 


the nom pieseties in pure state respectively. . 


Table 5.2 Yr Compsclion between Ideal and Non-ideal Solutions 


Ideal solutions 


Obey Raoult’s- law at every range of 
concentration. 


AA,,ix = 0;-neither heat is evolved nor 
absorbed during dissolution. 


. “Mog =0; total volume of solution is 


equal to sum of volumes of the 
components. 

= py X4+ py Xp 

= PX gs Pa = Pp Xp 


: P=pyt Pp 
ie, Dg 


A—A, A—B, B—B_ interactions 


- should be same, i.e, ‘A’ and ‘B’ are identi- _ 


cal in shape, size and character. 


Escaping tendency of ‘A’ and ‘B’ should 
be same in pure liquids and in the solu- 
tion. 


Examples: 
dilute solutions; 
benzene + toluene; 

_ n-hexane + n-heptane; 
chlorobenzene + bromobenzene; 
ethyl bromide + ethyl iodide; 
n-butyl chloride + n-butyl bromide. 


pane ey anaheim NPE 8 arte 


" Non-ideal seuutions 


| 


at nc aoe nn ns en 


Positive deviation from Raoult’s law 


Do not obey Raoult’s law. 


AH,,;, > 9. Endothermic dissolution; heat 


- is absorbed. 


AP nix <0) Volume is increased after 
dissolution. 


Pa>Pa Xs Py> Pe Xp 
«Pat Pp > py X,+ Da Xp 


A — B attractive force should be weaker 
than A — A and B— B attractive forces. 


: San i 


3 


1 


‘A’ and ‘B’ have different shape, size and . 


character, 


‘A’ and ‘B’ escape easily showing higher 
vapour pressure than the expected value. 


Examples: 

acetone + ethanol; 
acetone + CS,; 

water + methanol; 
water + ethanol; 

CCl, + toluene; 

CCl, + CHC1,; 
acetone + benzene; 
CCL, + CH,0H; 
cyclohexane + ethanol. 


: 
{ 
t 
2 
i 
i 
' 
= 
f 


Negative deviation from Raoult’s law 


Do not obey Raoult’s law. 


AH, < 0. Exothermic dissolution; heat 
is evolved. : 


AV nix < 0. Volume is decreased during 
dissolution. 


Pa<PaXas Pe <P Xp 
“Pat Pa< PYXs " Pp X5 


A-— B attractive force should be greater 
than 4 — A and B— B attractive forces. 
‘4’ and ‘B’ have different shape, size and 
character. 


Escaping tendency of both components 
‘A’ and ‘B’ is lowered showing lower 
vapour pressure than expected ideally. 


_ Examples: 


acetone + aniline; 

acetone + chloroform; 
CH,OH + CH,COOH; 
H,O + HNO,; 

chloroform + diethy] ether; 
water + HC]; 

acetic acid + pyridine; 
chloroform + benzene. 


SOLUTIONS | i oes. 


Thus, according to Raoult’s law, 


n ; 
p4 =——4— p%, = mole fraction of Ax py =X 4 Dy 
ny tnp 
, n ; 
and py = —2— ps =mole fraction of Bx pp = Xp Pp, 
N4gtng 
If the total pressure be P, then 
P= p+ Pp : 
ei | po + np o- 
Ny tng ny tNp 


=X AP Yi + x BP _ 

This law, in fact, is the major deciding factor, whether 
a solution will be ideal or non-ideal. Ideal solutions obey Raoult’s 
law at every range of concentration. Non-ideal solutions do 
not obey Raoult’s law. They show either positive or negative 
deviation from Raoult’s law. For comparison between ideal 
and non-ideal solutions a table has been given below. (Only 
binary combinations of miscible liquids have been considered.) | 


Graphical Representation of Ideal and Non-ideal Solutions — 


Ideal deviation | 


Positive deviation 


Total vapoy, Prog 


Negative deviation 


ph PAIS ph 

2 2 2 

= = 3 

no a {23 

@ go a 

8 ® ® 

a Qa a 

5 5 5 

3 3 3 

s o s 

> > $ 

Xa=1- Mole fraction Xa=0 Xa=1 Mole fraction Xp=1 X,=1 Mole fraction Xg=0 
Xp=0 Xp=1 Xp=0 Xa=0 Xp=0 Xaz= 

Fig. 5.3 


Relation between Dalton’s Law and Raoult’s Law: 

The composition of the vapour in equilibrium with the 
solution can be calculated applying Dalton’s law of partial 
pressures. Let the mole fractions of vapours Aand B be 
Y, and ¥, respectively. Let p, and pz be the partial pressures 
of vapours A and B respectively and total pressure P. 


Pa =Y¥4P ; --(@) 
iol Yp P eee (ii) 
Pa=X4 Pi .. (iii) 
Pp =Xzy Pp .- (iv) 
Equating eqs. (i) and (iii), , 
: Y,P=X, Ps 
0. 
or Y, atone Pa Pa 
P P 


Similarly, equating eqs. (ii) and (iv), 
y, Xa PR Pe 
R= = 
: P P 
Thus, in case of ideal solution the vapour phase is richer with 
more volatile component, i.e., ie one having relatively greater 
vapour pressure. 

Example 19. The vapour pressures of ethanol abd 
methanol are 44.5 mm and 88.7 mm Hg: respectively. An ideal 
' solution is formed at the same temperature by mixing 60 g of 
ethanol with 40 g of methanol. Calculate the total vapour 


pressure of the solution and the mole fraction of methanol in the 
vapour. ; 


Solution: Mol. mass of ethyl ea =C, H,OH =46 


No. of moles of ethyl alcohol = = = 1.304 


Mol. mass of methyl alcohol = CH,O0H = 32 
No. of moles of methyl alcohol = 3 =1,25 - 


1.304 


ao 205107 
1.304 + 1.25 


“X 4°,mole fraction of ethyl aicohol = 


125 
1.304 + 1.25 
= = 4393 
Partial pressure of ethyl alcohol = X , -p) 4 = 0.5107 x 44.5 
= 22.73 mm Hg 
Partial pressure of methyl alcohol = X ,- Dy = 0.4893 x 88.7 — 
= 43.40 mm Hg , 
Total vapour pressure of solution = 22.73 + 43.40 
= 66.13 mm Hg 
Mole fraction of methyl alcohol in the vapour 
_ Partial pressureof CH,OH _ 43.40 
Total vapour pressure’ 66.1 


‘X,’, mole fraction of methyl alcohol = 


= 0.6263 
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3 Example 20. Two liquids A and B form an ideal solution. 
At 300K, the vapour pressure of a solution containing | mole of A 
and 3 mole of B is 550.mm of Hg. At the same temperature, if one 


more mole of B is added to this solution, the vapour pressure of. 


the solution increases by 10 mm of Hg. Determine the vapour 
pressure of A and B in their pure states. 


Solution: Let the vapour pees of pore Abe = p> 4) and 
the vapour pressure of pure B be = p? Be 
Total vapour pressure of solution < mole A + 3mole B) 
=X,-p) +Xq_-ph [X 4 is mole fraction of 


Aand Xz is mofe fraction of B] 


Ti Ghee o250 
550=— += 
44 4 PB 


or 2200= p> +3p3 .. (i) 
Total vapour pressure of solution (1 mole A + 4 mole B) 
lo 4 0 
ar mage rea? 
, a Ly. a8 


! _ 560=— pi += pe 
. 5 PA 5 PB 


or» . 2800= p) +4p) .. Ci) 
Solving eqs. (i) and (ii), : 
ps = 600mm of Hg = vapour pressure of pure B 
py = 400 mm of Hg = vapour pressure of pure A 
“~ “Example 21. An aqueous solution containing 28% by 
mass of a liquid A (mol. mass = 140) has a vapour pressure of 160 


mm at 37°C. Find the vapour pressure of the pure liquid A (Th he 
vapour pressure of water at 37°C is 150mm). 


Solution: For two miscible liquids, 
P ota = Mole fraction of A x p9 + Mole fraction of B x p$ 
28 


No. of moles of A = — = 0.2. 
140 


Liquid B is water. Its mass is (100 — 28), i.e. , 72. 
No.of moles of B = = =40 


Total no. of moles = 0.2+ 4.0= 4.2. 


Given, Protat = 160mm 
fs Ps = 150mm 
So, 160= 22 x 99 + 49150 
1 4.2 42 
o _ 17.15x 4,2 
2h K = 360.15 mm 
Pa 02: 
‘Example 22. Heptane and octane form ideal solution. At 


373K, the vapour pressures of the two liquids are 105.2 kPa and 


46.8 kPa respectively. What will be the vapour pressure, inbar of 


a mixture of 25g of heptane and 35 g of ociane? 
Solution: (A) Heptane C,H; m, = 100 
(B) Octane CyHig mg =114 


Fe EOS. a. 255 


pte tes Oaks Gee Pe ais 
m, 100 
0.25 0.3 
x4 = ——— 5. Xz Nr ene Ses 
0.25+ 0.30 ; 0.25+ 0.30 
= 0.45 = 0.55 
aD 0 
P= P4x4 + Ppxg 
= 105.2x 0.45+ 46.8 0.55 


= 47.34+ 25.74= 73.08 kPa 


12. Mole fraction of the component 4 in vapour phase is x, and the 
mole fraction of component 4 in liquid mixture is x,, then 
( py = vapour pressure of pure 4; PR = vapour pressure of 
pure B), the total vapour pressure of liquid mixture is: 
O42 O72 Ont wm 
% -  %2 *2 x 
[Ams. (a)] 


(Hint: p, = p) x), vapour pressure of ‘4’ 


Mole fraction of 4 in vapour = 74 
: Pral 


13. Vapour pressure of pure 4 (p°®, )= 100mm Hg 
Vapour pressure of pure B ( PS )= 150mm Hg 


2 mole of liquid A and 3 mole of liquid B are mixed to form an | 
ideal solution. The vapour pressure of solution will be: 


(a) 135mm = (b)130mm (c) 140mm _ (d) 145 mm 
[Ans. (b)] 
[Hint: x42 2% =3 


P= PX, + Py Xp 
=100x=+ 150% 3 = 40+ 90 = 130] 


14. The vapour pressure of a certain pure liquid 4 at 298 K is 40 m 
_ bar. When a solution of & is prepared in A at the same 
temperature, the vapour pressure is found to be 32 m bar. The 
mole fraction of A in the solution is: 
{b)0.2 =e) 0.1 (d) 0.8 
(Ans. (d)] ee 
(Hint: p= p°x, 
32 = 40x x, or x, = 0.8] : 
15. 100 mL of liquid 4 and 25 mL of liquid B are mixed to form a 
solution of volume 125 mL. Then the solution is: 
~~ (ay ideal: 
(b) non-ideal with positive deviation 
(c) non-ideal with negative deviation 


(d) cannot be predicted — 
[Ams. (a)] 
(Hint: AV,,, = 0, hence the solution is ideal.] 


SOLUTIONS 


16. The vapour pressure of pure benzene at 88°C is 957 mm and 
that of toluene at the same temperature is 379.5 mm. Calculate 
‘the composition of benzene-toluene mixture boiling at 88°C: 
(a) benzene = 0.66; *toluene * 0.34 
(B} Xpenzene = 0.34 % Xtoinene = 9-66 
{c) *X benzene = Ttohene ™ 0.5 
(d) * benzene = 0. 73; toluene ~ 0.25 
[Ans. (a)] 
{ Hint: 


p= Pisces Xbenzene + Dasiten *toluene 
760 = 957 + Xpenvene. + 379.5(1 — Xhenzene) 
Xperzene = 0.66 
and Xichene = 1~ 0.66 = 0.34] 

17. At 25°C, the total pressure of an ideal solution obtained by 
mixing 3 mole of A and 2 mole of B, is 184 torr. What is the 
vapour pressure (in torr) of pure B at the same temperature 
(Vapour pressure of pure A at 25°C is 200 torr.)? 

[CET (J&K) 2006} 


(a) 180 (b) 160 (c) 16 (d) 100 
[Ans. (b)] 
[Hint: x,=—4—= 2 gg 

Ngtmg 342 5 

Xp = 0.4 
= 79 0 

a P= Pag + DaXp 
“y 184 = 200 0.6 + pp x04 


184 = 120+ pp x 0.4 
0 64 

= —— = 160 torr 
PR 04 ] 


18. The mass of glucose that would be dissolved in 50 g of water 
in order to produce the same lowering of vapour pressure as is 
produced by dissolving 1 g of urea in the same quantity of 


water is: (KCET 2666) 
(a) lg (b) 3g (c) 6g (d) 18g 
[Ans. (b)] 


[Hint: . (AP glucose = (AP) wea 


(*3 Jetucose = Xe )urea 


Le, "8 =| 2B 
na glucose \ FA wea 
Wp 18 ixls 
50 180 50x60 
w, =3 g] 


5.7 THEORY OF FRACTIONAL DISTILLATION 


The process of separation of one liquid froni ‘another liquid . 


(binary mixture) having different boiling points by distillation is 

termed fractional distillation. The information, whether a 
particular solution of two liquids-can be separated by distillation 
or not, is provided by the study of liquid-vapour equilibrium 
diagrams at constant pressure, say atmospheric pressure. The 
separation is possible only when the vapour phase has a 
composition different from that of the boiling liquid mixture. 

Liquid pairs of type-I (Ideal solutions): The boiling 
temperature composition curves for liquid and vapour phases in 
the case of binary solutions of first type are represented in Fig. 
5.4. 
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Boiling point ——~ 
uh 


Neg fname ea be. 
_é« 


A 100% Yt -X1Z1B 490% 
BO% © Composition A0% 
es asa - 


Fig. 5.4 Liquid-vapour equilibrium diagram 
of a solution of type-! 


Suppose a solution of composition x is heated. When the 
temperature 7, is reached, the boiling will start. At this 
temperature, the vapour coming off from x will have the 
composition x, . Since, x, is richer in B than x, the composition of 
the residual liquid will become richer in A. Let the new 


‘composition be y. This liquid cannot boil at temperature 7, but 


will require higher temperature T,. The vapour coming off at 
temperature 7, will also be richer in B as represented by Y- 
Hence, the composition of the residue will again be enriched in 
A. Thus, if the process is allowed to continue, the boiling point of 
solution will go on increasing towards T,, the boiling point of 
pure liquid 4. At the same time the solution becomes more and 
more rich in A. If the process is continued for a sufficiently long 
time, pure liquid 4 can be obtained. 

Now, if the initial vapours are condensed, the ealinOn 
obtained will have the composition x, and boils at temperature 
T,. Evidently, the distillate is richer in B than before. If the 
process of condensation and redistilling is continued, the final 
distillate will be pure B component. , 

Thus, the two liquids forming a solution “ Bi ae can be 
separated by fractional distillation. 

Solution of type-II (Positive deviations from Raoult’s 
law): The boiling temperature-composition curves for the 
liquid and vapour phases have been shown in Fig. 5.5. The 
two curves meet at a minimum point C where the liquid and vapour 
phases have the same composition. The liquid mixture at point C 


will boil. at.constant temperature 7 without undergoing any 


g pbint — 


' 


Boilin 
+ 


! 
i 


A100% XX Ys YB100% 
BO0% Composition A0% 
; ——__—» 


Fig. 5.5 Boiling point-composition curves 
in binary solution of type-ll 
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change in composition. Such a mixture which boils at constant 
temperature and distils over completely at the same 
temperature without any change in composition, is called 
constant boiling mixture or azeotropic mixture. 

: Consider the distillation of a mixture of composition x. 
The vapour given off has the composition x, . The composition of 
residual liquid will shift towards A. In the mean 
time the-composition.of the distillate shifts towards C. Ultimately 
by repeated fractional distillation, the mixture of composition C 
will be obtained as distillate and pure liquid A ‘will be left as 
residue. It will never be possible to have pure B. 

When a mixture of composition y is distilled, the Qapour given 
off has the composition y, ,j.e., the composition residual 


liquid will shift towards B. Ultimately the mixture of composition. ~ 
C will be obtained as distillate and pure liquid B will be left as ~ 


residue. It will never be possible to have pure A. 
There are several liquid pairs which form minimum boiling 
point azeotropes. Some examples are given in the table: 


et 5.3 Some Azeotropic Mixtures 


; % Composition of Boiling point 
Mixture azeotrope  —s_- (pressure = 1 atm) 
* aos. Saecaneea 
1. Water-Ethanol 95.97 Ethanol 78.15°C 
2. Pyridine-Water 57.00 Pyridine 92.60°C 
3. ° Ethanol-Benzene 32.40 Ethanol 67.80°C 
4. Acetic acid-Toluene 28.00 Acetic acid 105.40°C 


Solutions of type-II (Negative deviations from Raoult’s 
law): The boiling temperature-composition curves for the 
liquid and vapour phases have been shown in Fig. 5.6. The curves 
meet at point C. At this point, both liquid and vapour phases have 
same composition. The constant-boiling mixture has maximum 
boiling point. 
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Fig. 5.6 Boiling temperature—composition 
curves in binary solution of type-lll 

Consider the distillation of a mixture of composition x. The 
vapour coming off is richer in A as indicated by composition 
x,. The composition of the residual liquid shifts towards C. As the 
distillation proceeds, the composition of the distillate moves 
towards A and that of residue towards C. 

Similarly, a mixture of composition lying between B and C, 
say y, on distillation will give vapour richer in B as indicated by 
composition y,. The composition of residual liquid shifts 
towards C and distillate towards A on repeated distillation. 


' point azeotrope. Some examples are tabulated below: 


It is never possible to separate a mixture completely into the 
pure components A and B. It mainly gives a constant boiling 
mixture (azeotropes)). which can never be separated by 
distillation. 


There are several liquid pairs which form maximum boiling 


is 2 Oe 
1. Nitric acid-Water . ; 68% Nitric acid . 125.5°C 
2. Acetic acid-Pyridine 65% Pyridine 139,0°C 
3.. Chloroform-Acetone 80% Chloroform 65.0°C 
"4, Hydrogen chloride- 79.8% Water 108.6°C 
Water 7 ‘ 


5.8 SOLUTIONS OF SOLIDS IN LIQUIDS 


Solutions of this type are most common. In solutions of solids in 
liquids, the liquid is invariably referred to as a solvent and the 
solid dissolved in it as the solute. If a solute is added in small’ 
amounts at a time to a given amount of a solvent at a constant 
temperature, with vigorous stirring of the solvent after each 
addition, a stage is reached when the added solute no more 
disappears, i.e., goes into solution but remains undissolved. The 
solution is then said to be saturated. A solution which remains in 
contact with undissolved solute is termed as saturated. It can 
also be defined as one which is in equilibrium with the excess 
of solid at a particular temperature. 

The amount of solute dissolved in 100 g of a solvent to forma 
saturated solution at a given temperature is termed the solubility 
of the solute in the given solvent at that temperature. Each 
substance has a characteristic solubility in a given solvent at a 
definite temperature. 

When a solid is added to the solvent, the particles from the 
solid diffuse into it. The solute and solvent molecules move 
constantly in the solution phase. Some of the particles of the 
solute return to the solid state due to collisions. Thus, two 
opposite processes operate simultaneously. 

(a) Dissolution: Particles of pointe leaving the solid and 
dissolving in the solvent. 

(b) Recrystallisation: 
form. 

When these two processes move with same speed, an 
equilibrium stage is reached, 


Solute (solid) == Solute (dissolved) 


Thus, a dynamic equilibrium exists in a saturated solution. 

When a saturated solution prepared at a higher temperature is _. 
cooled, it gives a solution which contains usually more of solute 
than required for the saturated solution at that temperature. Such 
a solution is referred to as a supersaturated solution. It is 
usually unstable and changes to saturated solution when excess 
of solute comes out in solid state. 

The following factors influence the solubility of: a solute in a 
liquid: 


Solute paris returning to the solid 


SOLUTIONS : 331 


(1) Nature of solute, _ 

(2) Nature of solvent, 

(3) Temperature. . ; 

1. Nature of solute: The solutes (solids) can be classified as 
ionic and non-ionic solids. The ionic solids consist of positively 
and negatively charged ions. It is the force of attraction between 
the ions, i.e, lattice energy which opposes the tendency of a 
solute to dissolve. This force of attraction is different in different 
ionic solids depending on the charges present on the ions and 
distance between ions (ionic radii). The ionic solutes having high 
_ lattice energy like BaSO, are less soluble while those having less 
lattice energy have more solubility. The ions are solvated by the 
solvent molecules and in this process energy (known as hydration 
energy) is released. When the hydration energy is high, the ionic 
solid is more soluble. 

Many non-ionic substances dissolve in polar solvents due to 
hydrogen bonding. Generally, if the solute and solvent have 
similar characteristics, i.¢., both are polar or both non-polar, the 
solubility is high and if both are dissimilar, the solubility is found 
low. 

2. Nature of solvent: Ionic solids dissolve to a larger extent 
in a solvent having a high dielectric constant as compared to 
solvents of low dielectric constants. Dielectric constant of water 
is 80 while that of methyl alcohol is 33.5. An ionic solid, 
therefore, dissolves more readily in water than in methyl alcohol. 


Benzene has a very low dielectric constant of 2.3 and, hence, 


ionic solids do not dissolve in benzene. ~ 

For non-ionic solids, the guiding principle is ‘like dissolves 
like’, i.e., if the solvent is polar, it will dissolve the polar solutes 
and if it is non-polar, it will dissolve the non-polar solutes in it. 

3. Temperature: The solubility of a solute in a given 
solvent varies appreciably with temperature. A few curves drawn 
between solubility in water and temperature are given in Fig. 5.7. 

It is observed that the solubility of NaCl increases’ very 
slightly with an increase in temperature whereas those of 
KNO,,NaNO,,AgNO, and KI, etc., increase greatly. A 
sharp break in a solubility curve indicates the formation of 
a compound whose solubility is different from that of the 
substance from which it has been formed as in the case of 
Na,SO,-10H,O. It losses its water of crystallisation at 
32.3°C and is converted into anhydrous form. There are few 
substances like calcium acetate, cerium sulphate, calcium 
chromate, etc., which show a decrease in solubility with rise in 
temperature. 


Generally, solubility depends on heat of solution. If a 


substance dissolves with absorption of heat, the. solubility 
increases with rise of temperature. On the other hand, if a 
substance dissolves with evolution of heat, the solubility 
decreases with rise of temperature. 

- Determination of solubility. The solubility of salts is 
generally: determined by gravimetric method. First of all a 
saturated solution is prepared. Some part of. this saturated 
solution is weighed out in a porcelain dish. The solution is 
evaporated slowly to dryness on a sand bath. The dish is cooled 
and weighed again. The observations are recorded as follows: 


Solubility per 100 g (water) | 


0 = 
0 10 20 30 40 50 60 70 80 90 100 
Temperature in degree celsius 
Fig. 5.7 Solubility curves of some compounds 


1. Mass of empty dish = wg 

2. Mass of dish + solution =w, g 

3. So, Mass of solution =(w, — w)g 

4. Mass of dish + residue = w, g a 
So, Mass of residue =(w, ~ w)g = xg 


and Mass of solvent = (Mass of solution 
— Mass of residue) 
=(w, — w)— (w, - w) 
=(W,— Ww )= ye 
"Thus, the solubility of salt = ~ x 100g per 100g of solvent. 
; yd 


_ Example 23: 50 g of a saturated aqueous solution of- 
potassium chloride at 30°C is evaporated to dryness, when 13.2 g 
of dry KCI was obtained. Calculate the solubility of KCI in water 
at 30°C. 

Solution: © Mass of water in solution = (50 — 13.2) = 36.8¢g 


Solubitityof KOS EM! FY 199 = 8 x 100 S358 
; Mass of water 36.8 


Example 24. How much copper sulphate will be required. 
to saturate 100 g of a dilute aqueous solution of CuSO, at 25°C 
if 10 g of the dilute solution leave on evaporation and drying 1.2 
g of anhydrous CuSO, ? The solubility of CuSO, in water at 25°C 
is 25. ; 

Solution: 100 g of dilute solution of CuSO, contain 
“ =1.2x10=12.0g CuSO, 
Mass of water present in dilute solution 
= (100 — 12) = 882 
To saturate 100 g of water, CuSO, required = 25g 
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So, to saturate 88 g of water, CuSO, required = = x 88 


= 228 
Thus, the mass of CuSO, to be added to 100 g of dilute 
solution to saturate it = (22—12)= 10g 


5.9 COLLIGATIVE PROPERTIES OF 
DILUTE SOLUTIONS 


A dilute solution is one in which the amount of the solute is 
very small in comparison to the amount of the.solvent. The 
dilute solutions show more or less ideal behaviour as the heat and 
volume changes, accompanying the mixing of solute and solvent, 
are negligible for all practical purposes. Dilute solutions obey 
Raoult’s law. 

Dilute solutions containing non-volatile solute exhibit some 
special properties which depend only upon the number of solute 
particles present in the solution irrespective of their nature. These 
properties are termed as colligative peuerier: The cea 
properties are: 

(i) Lowering in the vapour pressure, 

(ii) Elevation in-the boiling point, 

(iii) Depression in the freezing point and 

(iv) Osmotic pressure. 

Colligative properties are the properties of dilute solutions, 
that is why these are termed as colligative properties of dilute 
solutions. These properties are related to one another. Thus, if 
one is measured, the other can be calculated. The importance of 
these properties lies in the fact that they provide methods for the 
determination of molecular masses of dissolved solutes. The 
results are excellent if the following three conditions are 
satisfied: 

(i) The solution should be very dilute. 
(ii) The solute should be non-volatile. 
(iii) The solute does not dissociate or associate in solution. 


5.10. LOWERING. IN THE VAPOUR 
PRESSURE ~— 


When a non-volatile solute is added ‘to a solvent, the vapour 
pressure is lowered due to the following reasons: 

(i) Percentage surface area occupied by the solvent decreases. 
Thus, the rate of evaporation and vapour pressure decreases. The 
solute molecules occupy the surface, and so the per cent surface 
area occupied by the solvent decreases. 


(ii) According to Graham’s law-ofevaporation, == >. 


Rate of evaporation ¢ —-——— 
«(density 
When a non-volatile solute is dissolved in a liquid, its density 
increases. Thus, both rate of evaporation and vapour pressure are 
lowered. 
If po is the vapour pressure of pure solvent and p, is the 
vapour pressure of the solution, the ‘difference (py — p, ) is 
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termed lowering in vapour pressure and the ratio | P=te Po TPs |= 
Po 


termed relative lowering in vapour pressure. 

Raoult, in 1886, established a relationship between relative 
lowering in vapour pressure and composition of the solution after 
a series of experiments in various solvents. The relationship is 
known as Raoult’s law. It states that the relative lowering in 
vapour pressure of a dilute solution is equal to mole fraction 
of the solute present in the solution. 

If n moles of solute be dissolved in N moles of the solvent, the 


mole fraction of the solute will be 2 
n+ 


‘Po > Ps _ fn 
Po n+N 


According to Raoult’s law, 


This is the mathematical expression for Raoult’s law. 
[Modified form of Raoult’s law: The above relationship 
can be written as, 


n+N N 


pee) ere =1+— 
Po~ Ps n n 
or Cg pele gee ae 
— Ps nh Pow Py 4H 
ie Po~ fe 2 8 Bay ee 
Ps N my Wp 


This equation gives accurate results and is easy to apply.] 


Derivation of Raoult’s Law for a Dilute Solution 

When a non-volatile solute is dissolved in a volatile solvent, a 
fraction of the surface of solvent is blocked by solute molecules 
where no evaporation occurs. Thus, under similar conditions, the 


. Vapour pressure is decreased. The vapour pressure of the 


solution, thus, depends upon the number of molecules of the 

solvent present on the surface of the solution. The number of 

such molecules is proportional to mole fraction of the solvent. 
So, the vapour pressure of solution, 


*“p > oc N 
*  ntN 
4 N ; 
or =a =k: Ht oe eo is ed 
Be he ARs Gee (i) 
9 BAS (kis seals nape 
For pure solvent, ae. -3 | ‘ 
and hence, apaesp i 
Py hay (ii) 
Putting the value of & in eq. (i) 
Ps = Po wae 


. Note : Isopiestic solutions : Two solutions having same vapour pressure at same temperature are known as isopiestic solutions. 


~ 
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or Ps Sa 
Po ntN 
or eee N 
; Po n+N 
ot Pow Ps 7 ... (iii) 
Po n+N : 


This is Raoult’s equation. 

If a solution is made by dissolving wy g of solute (molecular 
mass mz) inw, g of the solvent (molecular mass m_,), the mole 
fraction of the solute will be 

WB 

Mp 
We ow 
—A 4 8 
m4 Mp 


ts f ‘ w : 
If the solution is very dilute, —2 can be neglected in the 
: Mp 
: w Baste 
denominator as compared to —4.. The eq. (iii), thus, becomes 
m4 
- Wp Xm ; 
Po Ps Prei :3 A a (iv) 
Po Mey KW 
This relationship is useful in the determination of the 


molecular mass of dissolved solute by measuring relative 
lowering of vapour pressure. 


Measurement of Relative Lowering | in Vapour 
Pressure (Ostwald and Walker Method) 

The apparatus used is shown in Fig. 5.8. It consists of two sets 
of bulbs. The first set of three bulbs is filled with solution to half 
of their capacity and second set of another three bulbs is filled 
with the pure solvent. Each set is separately weighed accurately. 
Both sets are connected to each other and then with the accurately 
weighed set of guard tubes filled with anhydrous calcium 
chloride or some other dehydrating agents like P,O,, conc. 
H,SO, etc. The bulbs of solution and pure solvent are kept in a 
thermostat maintained at a constant temperature. 


Solution. 


Solvent Weighed CaClo tubes 


Fig. 5.8 Ostwald and Walker method 


Acurrent of pure dry air is bubbled through the series of bulbs | 


as shovn in Fig. 5.8. The air gets saturated with the vapours in 
each set of bu'bs. The air takes up an amount of vapours 
proportional to the vanour pressure of the solution first and then 
it takes up more amount of vapours from the solvent which is 
proportional to the difference in the vapour pressure of the 
solvent and the vapour pressure of solution, i.e, py) — p,. The 
two sets of bulbs are weighed again. The guard tubes are also 
weighed. 


Loss in mass in the solution bulbs - p, 
Loss in mass in the solvent bulbs < ( py — p,) 
Total loss in both sets of bulbs <[ p, + ( Py — Ps) 
= Po 
Total loss in mass of both sets of bulbs is equal to gain in mass 
of guard tubes. 


Thus, Pom Ps _ Loss in mass in solvent bulbs 
Po Total loss in mass in both sets of bulbs 
_ Loss in mass in solvent bulbs 
~ Gain in mass of guard tubes 
Further, we know from Raoult’s law, 
Po Ps _ Wa/mp 
Po wy/m, +We/mp 
Loss in mass of solvent bulbs _ 
Gain in mass of guard tubes 


Waimea 


w4/m, +wg/m, 
The above relationship is used for calculation of molecular 


- masses of non-volatile solutes. 


For very dilute solutions, the following relationship can Be 
applied: 


Po ~ Ps _ Loss in mass of solvent bulbs 
Po _ Gain in mass of guard tubes 


Vapour Pressure of Liquid and Temperature 
~ Liquid === Vapour AH, >0 


vap. 
_ Vapour pressure of liquid increases with temperature. Here, 
AH is enthalpy of vaporisation. A graphical representation of 


vapour pressure versus temperature is given below : 


|_/ 
A 


/ Temperature ——> 


Vapour pressure 


0 eee 


Fig. 5.9 Variation of vapour pressure with temperature 


If vapour pressure of a liquid is known at a temperature; it can 
be calculated at another temperature using Clausius- eon 


equation : 
P,) -AAyy | 1 1 
log io = pos 
P, 2.303R|T, TT, 
Here, P, = Vapour pressure at temperature 7; 


P,, = Vapour pressure at temperature 7> 


"223888 QSoME SoLveD EXAMPLEs\$S3:;.. 


Example 25. Caiculate the vapour pressure lowering 
caused by addition of 50 g of sucrose (molecular mass = 342) to 
500 g of water if the vapour pressure of pure water at 25°C is 23.8 
mm Fg. 
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Solution: According to Raoult’s law, 
Po~ Ps ft 
Po n+N- 
or Ap=——- Pp 
‘P men To 

Given: n= == 0. 146; N= = = 27.78 and py = 23.8 

Substituting the values in the above equation, 

Rp ees 5 23.8 = 0.124 mm Hg 
0.1464 27.78 


Example 26. The vapour pressure of pure a at a: 
certain temperature is 640mm Hg. A non-volatile solid weighing | 


2.175 g is added to 39.0 g of benzene. The vapour pressure of the 
solution is 600imm Hg. What is the molecular mass of the solid 


substance? (LEP 1990; MLNR 1992) 
Solution: According to Raoult’s law, 
Po Ps = n 
Po nt+N ; 
Let mbe the molecular mass of the solid substance. 
2.175 39 
n= ;N=—=0,5 


78 
(molecular mass of benzene = 78) 
Po = 640mm; p, = 600 mm 
Substituting the values in above equation, 


2.175 
640-600 om TS 
640 2475 +05) 2.1754+ 0.5m 
m 
_ 2.195 16- 2.175 _ 6596 
0.5 


Example 27. A solution containing 30 g of a non-volatile 
solute in exactly 90g of water has a vapour pressure of 21.85mm 
of Hg at 25°C. Further, 18 g of water. is then added to the 
solution; the new vapour pressure becomes 22.15 mm of Hg at 
25°C. Calculate (a) molecular mass of the solute and (b) vapour 
pressure of water at 25°C. (MLNR (996) 

Solution:. Let the vapour pressure of water at 25°C be po 
and molecular mass of the solute be m 
Using Raoult’s law in the following form, 


Po 7 Ps _ WM 
Ps Wm 
Foceolunenn eo ae a) 
21.85 90x m 
299: 
Poe welunen ye) Os ... (ii) 
22.15 108 x m 
Dividing eq. (i) by eq. (ii), 
(po ~ 21.85), 22.15 108 6 
21.85 (po -22.15) 90 5 


Po = 23.87 mmof Hg 
Substituting the value of pp in eq. (i) 


m= 67.9 


Example 28. . What mass of non-volatile solute - (urea) 
needs to be dissolved in 100 g of waier in order to decrease the 
vapour pressure of water by 25%. What will be the molality of 


solution? (UT 1993} 

Solution: Using Raoult’s law in the foilowing form, 

POS Pig ME 

Ds Wm 
If py = 100mm, then p, = 75mm 
100-75 wx18 
75 100 x 60 
w=l1l1 
wx1000  111.1x 1000 | 18.52 m 


Morality oa x W 7 60 x 100 


_. Example 29. A current of dry air. was bubbled through a 


» bulb containing 26.66 g of an organic compound in 200 g of 


water, then through a bulb at the same temperature, containing 
water and finally through a tube containing anhydrous calcium 
chloride. The loss of mass in bulb containing water was 0.087 g 
and gain in mass of the calcium chloride tube was 2.036 g. 
Calculate the molecular mass of the organic substance. 


Po — Ps _ Loss in mass of solvent bulb . 
Po Gain in mass of CaCl, tube 


_ 0.087 


2.036 


Let the molecular mass of the organic substance ‘be m 
According to Raoult’s law, 


Po 7 Ps wim 


Solution: 


Po Ne + ae 
m M 
26.66 
0.087 i m = 26.66 
2.036 26.66 , 200 26, 63% 200 
m 18 18 . 
m= 53.75 


Example 30. The vapour pressure of a dilute aqueous 
solution of glucose is 750mm Hg at 373K. Calculate (i) molality, 
(ii) mole fraction of the solute. . 

- Solution: py = Vapour Prout of water at 373 K = 760 


mm Hg 
Using Raoult’s law in the following ‘ais 
Po ~ Ps = wM 
Ps Wm 
& 760-750__w ig 
. 750 Wm 
ws 


or : = 
Wxm 50x18 
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«1000 = 0% 1000 «9.74 m 
m 750 x 18 


Molality = 7 
x 


P,= Mole fraction of solvent x po; 


Mole fraction of solvent = a0 
760 


a (750 
So, Mole fraction of solute = | ag =0.0132 


Example 31. Calculate the vapour pressure of an aqueous 
solution which contains 5 mass per cent of urea. The vapour 
pressure of pure water is 235mm Hg. Molar mass of urea is 60. 


Solution: Mass of urea = 5g 


Mass of water = (100~- 5)=95g 


No.of moles of urea “= = 0.083 


No.of moles of water -=- = 5.278 


Total number of moles = 5.278 + 0.083 


= 5.361 


Mole fraction of solvent = = 5.278 


5.361 
= Mole fraction of solvent x Po 
_ 5.278 
~ 5.361 
-. Example 32. 102 of glucose (Gnolar mass 180) and 20g of 
sucrose (molar mass 342 ) are dissolved in 100 g of water. What 


will be the vapour pressure of the resultant solution if the vapour 
. pressure of water is 35mm Hg? 


x 23.5= 23. 14mm 


Solution: Mass of glucose = 10g . 


No.of moles of glucose = 0.0556 
Mass of sucrose = 20 g 
No. of, moles of sucrose = 0.0585 
“Mass of water = 100g 
No.of moles of water = 5.556 
Total number of moles = $.556+ 0.0585 + 0. Rone 
= 5.67 


Mole fraction of water = =" 


"Vapour pressure of solution = Mole fraction of water x ‘Dy 


ue = x 35=34.3mmHg © 


& Examnle 33. Calculate the vapour pressure of an aqueous 
solution of 1.0molal elucose solution at 100°C. 


Solution: Molality = x 1000_ 
. IN a 
where, w-=mass of solute in grams; 


’ W = mass of solvent in grams 


3357 
1.0= x 1000 
or i ie aly = 0.001 
mxW 1000 
Applying Raoult’s law for dilute solution, 
Pow Ps -_W yy (M = 18) 
Po mx W 
160- ; ; 
160 Ps -0,001x18 (pp = 760mm at 100°C) 
760 Eee 
or Pp, = 760 - 760x 0.001 x 18 
= 760— 13.68 
= 746.32 mm 


Example 34. The vapour pressure of pure benzene at 
50°C is 268 mm of Hg. How many moles of non-volatile solute per 
mole of benzene are required to prepare a solution of benzene 
having a vapour pressure 167 mm of Hg at 50°C? 


Solution: Applying Raoult’s law in the following form: 
Po-Ps_ WM _ wim — 
Pp, Wm WIM 
= No. of moles of solute per mole of benzene 
or nm _ (268~ 167) _ 0.6047 = 0.605 
N 167 


= Mole fraction of 


Alternative method: We know that, p, 
solvent X Po 


or 167 = Mole fraction of solvent x 268 
-  $o, Mole fraction of solvent ee 0.623 
Be 268 
Mole fraction of solute = 1- 0.623 = 0.377 
” _ Mole fraction of solute _ 0.377 _ 0.605 
N Mole fraction of solvent 0.623 


19. The vapour pressure of water at 23°C is 19.8 mm. 0.1 mole 
glucose is dissolved in 178.2 g of water. What is the vapour 
pressure (in mm) of the resultant solution? 


, (a) 19 (b) 19.602 (c) 19.402 = (d) 19.202 
[Ans. (b)] 
[Hint: 1g =0.i,n,= aves =99 
et 2 93 _ 
gt np 9.9401 
P= Po X4 


= 19.8 x 0.99 = 19.602 mm] 


20. What is the vapour pressure of the solution containing 34.2 g 
of sucrose per 100 g of water at 25°C? The vapour pressure of 
water at 25°C is 23.75 mm. 
(a) 20.3 mm 
(c) unpredictable 


(b) 23.10 mm 
(d) 23.33 mm 
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{Ans. (d)] 
Hint: n, = 14 = 10 _ 555 
m, 18 
BY 342 
5.55  _ 5.55 


Kg Fee 
5.55+ 0.1 5.65 
P= Pora 
= 23.75 x 0.982 = 23.33 mm] 


Lowering of vapour pressure due to a solute in | molal 
aqueous solution at 100°C is: 


(a) 13.44 mm Hg (b) 14.12 mm Hg 
(c} 31.2 mm Hg (d} 35.2 mm Hg 
[Ans. (a)] 
(Hint: oe! malin! x, = mole fraction of solute 
(1- xg m4 
m, = molar mass of solvent 
__ xq X 1000 
(l-x,)x18 
xp = 0.0176 
x, =1~0.0176= 0.9824 
P= Po*4 


= 760 x 0.9824 = 746.62 
Ap = py ~ p= 760 ~ 746.62 
= 13.4] 
The mass of a non-volatile solute (molecular mass = 40) 


which should be dissolved in 114 g octane to reduce its vapour 
pressure to 80% will be: 


(a) 20 g (b) 30g (c} 10g (d) 40g 
fAns. (c)] : 
(Hint: If p, = 100, then p = 80 

P= Po X4 

80=100 xx, 

x4 = 0.80 

. Ny 114/114 


An nyt hy 114/114 + wy /40 
an 
1+ wz /40 


Lo 
40 0.8 
we = 10g] 


3g urea is dissolved in 45g of water. The relative lowering of 
vapour pressure is : |Comed (Karnataka) 2008] 


(a) 0.05 (b) 0.04 (c) 0.02 (d) 0.01 
[Ans. (c)] 
3 45 
Hint: ip > 60 = 0.05; Ag 18 = 2,5 
AP ay, 0.05 __ = 0.0196 = 0.02 ] 


re 
Dp 2.5+ 0.05 


When 25g of a non-volatile solute is dissolved in 100g of 
water, the vapour pressure is lowered by 0.225 mm. If the 


vapour pressure of water at 25°C is 17.5 mm, what is the 


molecular mass of the solute ? [EAMCET (Engg) 2008} 
(a) 206 (b) 302 (c) 318 (d) 276 
[Ans. (c)] 
[Hint : D= Dy X4 
(17.5 ~ 0.225) = 17.5 x ae 
100/18 + —— 
Ms 


17.275{ 100 | 25) _ 100 

17.5 (18 mg} 18 
25 

0.987 [55s +3) = 5.55 
mg 


5.55 + ea) = 5.628 
Mz 
mg = 318mm] 


5.41. ELEVATION OF BOILING POINT 
(Ebullioscopy) 


The boiling point of a liquid is the temperature at which its 
vapour pressure is equal to the atmospheric pressure. The 
vapour pressure of a liquid is lowered when a non-volatile solute 
is added to it. Hence, the temperature of the solution when its 
vapour pressure will be equal to atmospheric pressure will be 
higher than the temperature of the pure solvent. In other words, 
the boiling point of the solvent is elevated by the addition of 
non-volatile solute. The difference in the boiling point of the 
solution and the boiling point of the pure solvent is termed 
elevation of boiling point. 
. Elevation of boiling point, 
(AT )= Boiling point of the solution — Boiling point of pure 
solvent 
This can be better understood by plotting a graph of vapour 


_ pressure against temperature for a pure solvent and two solutions 


of different concentrations. The curves of the solutions always lie 

below the curve of the pure solvent. The line P)C represents the 

atmospheric pressure. 7)',7, and 7, represent the boiling points 

of pure solvent, solution I and solution II respectively. The 
vapour pressure of pure solvent, solution I and solution II at 

temperature 7) are P,, P, and P, respectively. 


Atmospheric 
pressure ~ 


Vapour pressure —> 


To Ty Tp 
Temperature ——> 


Fig. 5.10 
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Assuming that the solutions are very dilute, these curves may 
_be approximately taken as straight lines near the boiling point. 
Thus, AACE and AABD are similar. 


Therefore, : — = —— id 
AB AD 
ie T,-T Po -P, 
ft. fo h 
or Bb A 
AT, ABR 
or AT x AP 


From Raoult’s law for dilute solution, 
Po ~ Ps. Wa XM, 
Po Mg XWy 
( p, = vapour pressure of solution) 
Wp XM, 
or RO Le 
Mp xw A 
For the pure solvent, py (its vapour pressure at the boiling 
point) and m, (its molecular mass) are constant. Therefore, 


We 
Po ~ Ps 6 
Mp XW4 
or Apo AT «—~2— 
Mp x Wy 
or ATE oe @) 
mp XW 


where K is a constant, called as elevation constant. 


When, bl 1, (one mole of solute) and w, = 1g, then 
Mp 


AT=K 


Thus, boiling point constant is equal to the elevation in boiling 
point which would be theoretically produced when 1 mole of a 
non-volatile solute is dissolved in 1 g of the solvent. 


if “2 =1 and  w, =100g, 
Mg 
Then, AT =F 2K’ 
100 


K “is called molecular elevation constant. It is defined as the 


elevation in boiling point produced when. i mole of the solute 
is dissolved in 100 g of the solvent. 


Thus, K=100K’- 
Putting this value in eq. (i), 


' AT = 100K ’-——-— .. fii) 
Mp W 4 


Ww 
If 2 =1 and w, =1000g, 


Mp 
* This relation may also be written as: 
AT = 1000 K, x w 
mxyw 
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Then, i ere a 


1000 


Ky, is called molal elevation constant. It is defined as the 


elevation in boiling point produced when 1 mole of the solute 
is dissolved in 1000 g of the solvent. 


Thus, 


? 


K=1000K, 


Putting this value in eq. (i), 


Ap has (iii) 
mM, We. 
or AT = Molality x K, 
: Wp 
since —__4_. x 1000= mela | 
\ Mp x Wy ; 


The elevation in boiling point of a solution om 
non-electrolyte is proportional to its molality and equimolal 
solutions of all the substances in the same solvent will show 
equal elevation in boiling points. These are known as Raoult’s. © 
laws of elevation of boiling point, 

Molal elevation constant is characteristic of a particular 
solvent and can be calculated from the thermodynamical 
relationship. 


2 
RI, 
1000L, 
where, R is molar gas constant, 7, is the boiling point of the 


solvent on kelvin scale and L, the latent heat of vaporisation of 
solvent in calories per gram. . 


2x (373) 


,=—— 


1000 x 540 


‘The molal elevation constants for some common solvents are 
given in the following table: 


K,= 


For water 515 


Table 5.4 Molal Elevation Constants of Some Solvents 


: Mielal dlicwation comsiznit 
emus BAC ety 
Water 100.0 - 0,52 
Acetone - 56.0 © 1.70 
Chloroform 61.2 3.67 
Carbon tetrachloride 76.8 5.02 
Benzene 80.0 . 2.70 
Ethyl alcohol 78.4 1.15 


If K,,w,,AT-.and wg, are known, molecular mass of ‘a! 
non-volatile solute can be determined. The most convenient 
method for the determination of AT in the laboratory is the 
Landsberger method. 


where, w and W are masses of solute and solvent respectively and m = molecular mass of solute. 
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5.12 DEPRESSION OF FREEZING POINT 
(Cryoscopy) 


Freezing point of a substance is defined as the temperature at 
which the vapour pressure of its liquid is equal to the vapour 
pressure of the corresponding solid. Since, the addition of a 
non-volatile solute always lowers the vapour pressure of a 
solvent, therefore, it will be in equilibrium with solid phase at a 
lower pressure and hence at a lower temperature. The difference 
between the freezing points of the pure solvent and its solution is 
called depression of freezing point. 


Depression of freezing point 


(AT )= Freezing point of the solvent 
— Freezing point of the solution 


This can be better understood by plotting a graph of vapour 
pressure against temperature for a pure solvent and two solutions, 
solution I and solution II. CFB is a curve for a solid solvent. The 
‘solvent, solution I and solution II vapour pressure curves meet 
CFB curve at points B, F and C respectively. Thus, 7), 7, and 7, 
are the freezing points of pure solvent, solution I and solution II 
respectively. The vapour pressures at temperatures 7), 7, and T, 
for solvent, solution I and solution II are, thus, Py, P, and a 
respectively. 

For very dilute solutions, the curves FD and CE are almost 
straight lines and CB is also nearly a straight line. The ABEC and 
ABDF are similar. 


So, 
Or 
or 
or 
| Po 
2 Py 
2. 
QP 
2 
aos 
5 
Q 
s 
> 
Ts Ty To 
Temperature ——> 
Fig. 5.11 


” From Raoult’s law for dilute solutions, _ 
Po7 Ps __ We Ma 


Po Mg Wa 
* This relation may alsa be written as: 
1000 Ky x w 
T= = 
“mx Ww 


or Dy pS Bi 


We 
Po — Ps * 
Mp Wy 
or Ape vB 
My W4 
or Ap « AT « —2 
Mpg Wy 
or AT =K-—“2 . @) 
Mp Wy 


where, K is a constant, called depression constant. 


When, we 


1(one mole of solute) and w, =1g 
Mp 


AT=K 
Thus, depression constant is equal to the depression of the 


freezing point which would be theoretically produced when one 
mole of a non-volatile solute is dissolved in 1 g of the solvent. 


if ~2 =1and wy, =100g, 
om 


= K’ 
K’ is called molecular depression constant. 


it is defined as the depression of freezing point produced 
when 1 mole of the solute is dissolved in 100 g of the solvent. 


_Thus, K = 100K’ 
Putting this v alue i in eq. (i), 
gp .. Gi) 
Hla x W 4 
WB 
If —~=landw, =1000g 
Mp 
_«K 
i000 
= Ky 


Ky is éailed molal depression constant. 
It is defined as the depression of freezing point produced 
when 1 mole of solute is dissolved in 1000 g of the solvent. 


Thus, K =1000K, 
Putting this value in eq. (i), 


AT: =1000K, 


... (iii) 


ee WA. 


where w and W are the masses of solute and solvent respectively and m = ‘plocutas mass of solute, 
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or AT = molality x K, 


Ky, is characteristic of a particular solvent and can be 
calculated from the thermodynamical relationship 


0.002 7,’ 
ee 
where, 7; is the freezing point of solvent in absolute scale and i; if 


the latént heat of fusion in calories per gram of the solvent. For 
water, 


0.002 x (273)° 
80 
= 1.86K kg mol! 


The molal depression constants for some common solvents are 
given in the following table: 


Ky = 


Table 5.5 Molal Depression Constants of Some Solvents 


Solvent Fpiec)  Molal papa a | 
Water - WALD 2 1.86 
Ethyl alcohol -114.6 1.99 
Chloroform 63.5 4.70 
Carbon tetrachloride ~22.8 - 29.80 - 
Benzene 5.5 $.12., 
Camphor 179.0 39.70 


If K;,w,,AT and wg are known, molecular mass of a 
non-volatile solute can be determined. AT is measured by 
Beckmann’s method in the laboratory. 

The molecular mass of non-volatile and non-ionisable solute 
can be calculated using following formula: 


K 
my =—-x “2 x 1000 
AT Wy 


where, wz and w, are the masses of solute and solvent.” 


respectively. 
Anti-freeze solutions : Water is used in radiators of cars rs and 


other automobilcs. In cold countries where the atmospheric. 
temperature becomes less than zero degree, the water: in ‘the * : 


radiators would freeze. Anti-freeze solutions are useful under 
these conditions when the vehicles are used in the regions. of 
sub-zero temperature so that the water does not freeze in 
radiators. Such solutions are made by dissolving ethylene glycol 
in water. Freezing point can be lowered to the desired’ extent by 
varying the concentration of ethylene glycol. Glycerol can also 
be used as anti-freeze. 

Freezing mixture : It is a mixture of ice and common salt 
(NaCl). It is used. in the making of ice-cream and in the 
laboratories to create low temperatures. With the help’ of this 
mixture, a temperature as low as -33°C (240 K) can be achieved. 
Note: Ebullioscopic and cryoscopic methods are effective when : 

G) Solutions are dilute. Solutions obey Raoult’s law. 

(ii) The solute is non-volatile. 

(iii) There is no association or dissociation of solute molecules in the 

solution. 


(iv) Solute does not form a solid solution with solvent in frozen state, 

i.e., only solvent separates in solid state on freezing the solution. 

(v) Equimolal quantities of different substances dissolved in the 

same quantity of solvent bring out the same depression in 
freezing point of the solvent under identical conditions. 


- 60000 
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Example 35. On dissolving 10.8 g glucose (m.wt. = 180) in 
240 g of water, its boiling point increases by 0.1 - C. Calculate the 
molecular elevation constant of water. 


Solution: ap = 100K’ x 
Wxm 
, ATxWxm 
or r See Sr a i 
100 w 


Given, AT = 0.13°C, W = 240g, m= 180and w= 10.8 
, _ 0.13 x 240 x 180 
100x 10.8 
Example 36. 4 solution of 2.5 g of a non-volatile solid in 
100g benzene is boiled at 0.42°C higher than the boiling point of 
pure benzene. Calculate the molecular mass of the substance. 
Molal elevation constant of benzene is 2.67 K kg mol. 


S82 


i 
Solution: = OO Se 
WxAT 
Given, K,, = 2.67, w=2.5¢,W =100g, AT = 0.42 
2 1000 x 2.67 x 2.5 = 158.9 
100 x 0.42 
The molecular mass of substance is 158.9. 


' Example 37. The molal elevation constant for water is 
0.56K kg mol. Calculate the boiling point of a solution made 
by dissolving 6.0 g of urea (NH,CONH) ) in 200g of water. 


1000 
Solution: AT = eS Sas 
. mxw 
Given, K, = 0.56K kg mol', w= 6.0g, W = 200g, m= 60 
Ap = 1000 0.56% 6.0 _ 9,906 
— 200 x 60 


Thus, the boiling point of solution = b.pt. of water + AT 


= (100° C+ 0.28° C) = 100.28° C 


Example 38. By dissolving 13.6g of a substance in 20g of 
water, the freezing point decreased by 3.7°C. Calculate the 
molecular mass of the substance. ‘Molal depression constant for 
water = 1.863 K kg mol) 


1000K , xw 
Wx AT 


Given, Ky = 1:863K kg moi | 


Solution: m= 


w= 136g, W =20g,AT =3.7°C 
_ 1000 x 1.863 x 13.6 


= 342.39 
20x 3.7 
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Example 39. On dissolving 0.25 g of a non-volatile 
substance in 30 mL benzene (density0.8 g/mL), its freezing 
point decreases by 0.40°C. Caiculate the molecular mass of 
non-volatile substance (K ¢ = 5.12.K kg mol Sy. 

Solution: Mass of benzene, W = volume x density 
= 30x 0.8=24¢ 

Given, K, =5.12K kg mol™', w= 0.25g, AT = 0.40°C. 
We know that, 

1000K, x w 
WAT 
_ 1000 x 5.12 x 0.25 

24 x 0.40 


= 133.33 


- ‘Example 40. 4 solution of 1.25 g of a certain non-volatile 
substance in 20 g of water freezes at 271.94 K. Calculate the 
molecular mass of the solute (K ¢ = 1.86.K kg mol ye 


Solution: Freezing point of solution = 271.94 K. 


Freezing point of water = 273.0K 
AT = (273 — 271.94) =1.06K 


1000K, xw 
We know that, n=——_—_—— 
Wx AT 


Given, K, =1,86 K kg mol”, w=1.25 g, W=20 g and 
AT =1.06K. 
_ 1000 1.86 1.25 
20 x 1.06 


= 109.66 


Example 41. 7wo elements A and B form compounds 
having molecular formulae AB, and AB,. When dissolved in 
20.0 g of benzene, 1.0 g of AB, lowers the freezing point by 
2.3°C, whereas 1.0 g of AB, lowers the freezing point by 1.3°C. 
The molai depression constant for benzene in 1000 g is 5.1. 
Calculate the atomic masses of A and B. 


Solution: We know that, 
_ 1000Ky xw 
Wx AT 
Molecular mass of AB, (from given data) = ie 
20 x 2.3 
= 110.86 
and Molecular mass of AB, (from given data) = LOCO le 
1.3.x 20 
= 196.15 
Further, AB,=A+4B=196.15 se’) 
AB, = A+ 2B =110.86 Gi) 
Subtracting eq. (ii) from (0), . 
2B = 85.29 
B= 42.645 


Putting the value of 2 in eq. (ii), 


A + 85.29 = 110.86 


or A = (110.86 — 85.29) = 25.57 . 
Thus, the atomic masses of A and B are 25.57 and 42.645 
respectively. 


Example 42. 1.355 g of a substance dissolved in 55 g of 
CH,COOH produced a depression in the freezing point of 
0.618°C. Calculate the molecular weight of the substance 
(Ky, = 3.85). _ {CECE (Mains) Bihar 2005] 
wp, X 1000 


Mp XW 


Solution: AT = Ky x 


where, wg = mass of solute, mg = molar mass of solute, w, = 
mass of solvent 


0619= 3.95 oe 
: mg X55 
my = 153.47 


'* Example 43. An aqueous solution of a non-volatile solute 
boils at 10017°C. At what temperature will the solution freeze? 
(Given: K, = 0.512 K kg mol“ and K, =1.86K kg mol“) 
We know that, 

AT, = molality x K, - 
0.17 = molality x 0.512 


Solution: 


m 
512 


Molality of the solution = 7 


Let depression in freezing point be AT, 


_ 0.17 
0.512 
Thus, the freezing point of the solution is 
"0.00 - 0.62 = ~ 0.62°C 
.. Example 44. 18 of glucose, Cg.H,20,, is dissolved in lkg 
of water in a saucepan. At what temperature will the water boil 
(1.013 bar pressure)? K ,, for water is 0.52 K kg mol”. 


x 1.86 = 0.62°C 


Solution: AT=K,x bal aS 
Mg XW, 
AT = 0.52x 18% 1000 
180 x 1000 
T.—T, = 0.052 
T - 373 = 0,052 
T = 373.052K 


| Example 45, A solution of urea in water has boiling point 
of 100.19°C. Calculate the freezing point of the same solution if 
Ky and K, for water are 187K kg mol“ and 0.52 K kg mol 


respectively. - 
Solution: AT, = (100.15 — 100) = 0.15°C 


We know that, - AT, =molalityxK, 
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K, 0.52 
AT; = molality x K ft 
= 0.2884 x 1.87 = 0.54° C 
Thus, the freezing point of the solution = — 0.54°C - 


Example 46. In a cold climate, water gets frozen causing 
damage to radiator of a car. Ethylene glycol is used as 
antifreezing agent. Calculate the amount of ethylene glycol to be 
added to 4 kg of water to prevent it from freezing at -8C(K f for 
water = 1.85 K kg mol - ). (UIT 1992) 


Solution: Given,” . 
AT = 6C, W = 4kg = 4000 g, m= 62, K, =1.85 
~ ie mx W x AT 
~  :1000x Ky 
_ 62 x 4000 x 6 


= 27? = 804.328 
1000x 1.85 


Example 47. A solution containing 0.2563 g of 


naphthalene (molecular mass =128) in 50 g of carbon 
tetrachloride yields a boiling point elevation of 0.201°C while a 
solution of 0.6216g of an unknown solute in the same mass of the 
solvent gives a boiling point elevation of 0.647°C. Find the 
molecular mass of the unknown solute. 

Solution: We know that, 


“ AT, xWxm 
* 1000 w 
BOrCG.. Rip OREO oaigig 
1000 x 0.2563 


K, is now used in the second part of the problem. 
_ 1000x K, xw 

AT, x W 
_ 1000 x 5.019 x 0.6216: 


= 96.44 
0.647 x 50 


-Example 48. Calculate the molal depression constant of a’ 
solvent which has freezing point 16.6C and latent heat of fusion 
180.75J g7'. 


a RTF 
Solution: | are earn 
1000 x Ly 
R=8.314JK" mol’, 
T, =16.8 C= 273 + 16.6 = 289.6K, 
Ly = 180.95 Ig”. 
Substituting the values in the above equation, 


ic, = 8314 x (289.6) _ 


oe 3.86 
1000 x 180.75 


ILLUSTRATIONS. OF OBJECTIVE QUESTIONS 


25. Calculate the molal depression constant of a solvent which has 
freezing point 16.6°C and latent heat of fusion 180.75 J g™!: 


|JEE (Orissa) 2005] 
(a) 2.68 (b) 3.86 (c) 4.68 (d) 2.86 
[Ans. (b)] 
(Hint: K,= 20 Ty = 273 + 166 = 289.6 K 
© *S* To00L 
_ 8.314 x (289.6) 
1000 x 180.75 
= 3.86] 


26. The elevation in boiling point for 13.44 g of CuCl, dissolved 
in 1 kg of water as solvent will be (K, = 0.52 K kg mol”; 


molar mass of CuCl, = 134.4 g/mol): (LIT 2005) 
{a) 0.05 (b) 0.10 . (c} 0.16 (d) 0.20 

fAns. (c)] ; . 

[Hint: i=3, assuming complete ionization of CuCl, 

AT =ix K, x Wp x 1000 
Mg X Wy 
gcse Oe 2H ieesoie] 
: 134.4 x 1000 


27. Asolution containing 7 g of a solute (molar mass 210 g mol”) 
in 350 g of acetone raised the boiling point of acetone from 
56°C to 56.3°C. The value of ebullioscopic constant of 
acetone in K kg mol” is: 

(a) 2.66 (b) 3.15 
[Ans. (b)] Brg 


(c) 4.12 (d) 2.86 


Wp X 1000 
Mg X W4 
7% 1000_ 
210 x 350 


_ 0.3 x 210 x 350 


57x 1000 


28. The normal boiling point of toluene is 110.7 ( and its 


[Hint: AT =K, x 
0.3=K, x 


=3.15K kg mol |] 


boiling point elevation constant is 3.32K kg mol‘. The 
enthalpy of vaporization of toluene is nearly: 
(a) 17 kJ mol! (b) 21 kJ mol! 


(c) 51 kJ mol (d) 68 kJ mol! 
[Ans. (b)] 
2 3 2 
(Hint: K,= Rp" 4 yy. (8.314 x10) x 383.7) 
1O00L 1000 x L 
L=0.368kI/g 


Latent heat per mol*= 0.368 x molar mass of acetone 
© = 0,368 x 58 = 21.344 kJ mot] 
29. An aqueous solution freezes at -0.186°C (K, = 1.86 K kg 
mol!, K, = 0.512K kg mol”'). The elevation of b. pt. of the 
solution is: 
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(a) 0.186 (b) 0.512 (c) ‘22 (d) 0.0512 
[Ans.  (d)] 
[Hint: AT =K, Xm 

0.186 = 1.86 x m 


m=0.1 
AT =K, Xm=0.512 x 0.1 = 0.0512] 


30. The amount of urea to be dissolved in 500 cc of water 
(K; = 1.86) to produce a depression 2* %.186°C in the 


freezing point is: [UGET (Manipal) 2006] 
(a) 9g (b) 6g (c)3¢ (d) 0.3 g 
[Ans. (c)] 
(Hint: AT =K, gael 
Ms x Wy 
jsesing eA 
60 x 500 


Wz =3 gl ; 
31. What should be the freezing point of aqueous solution 
containing 17g of C,H,OH in 1000 g of water (K, for water 
=1.86deg kg mol’)? 


(a) _ 0.69°C (b) 0.34°C 

()0.0°C (d) — 0.34°C 

[Ans. (a)] 

(Hint: AT Oy ee Manoa 17x 1000 _ 
“Mg X Wy 46 x 1000 


Freezing point of solution = 0 — 0.69 = —0.69°C] 


5.13 OSMOSIS AND OSMOTIC PRESSURE 


Osmosis: When a semipermeable membrane is placed between 
-a solution and a solvent, it is observed that solvent molecules 
enter the solution and the volume of solution increases. It is also 
observed that if two solutions of unequal concentrations are 
separated by a semipermeable membrane, the solvent molecules 
- from a solution of lower concentration move towards a solution 
of higher concentration. This phenomenon was first observed by 
Abbe Nollet (1748) and termed as Osmosis (Greek, osmos = to 
push). Osmosis is defined as the spontaneous flow of solvent 
molecules through semipermeable membrane from a pure 
solvent to a solution or from a dilute to a concentrated 
solution. : 

The phenomenon of osmosis can be memensiraies by the 
following experiment: 

Two eggs of same size are taken and their outer hard shell is 
removed by dissolving in dilute hydrochloric acid. One of the 
eggs is placed in distilled water and the other in saturated salt 
solution. 

After sufficient time, it is noticed that the egg placed in water 
swells up and that placed in salt solution shrinks. In the first case, 
water enters the concentrated egg fluid while in the second case, 
water comes out of the egg as zal solution is more concentrated 
than the egg fluid. 


Difference between Osmosis and Diffusion 


The two processes, diffusion and osmosis, 
distinguished in terms of the following aspects: 

(i) In diffusion, solute as well as solvent molecules flow in 
opposite directions while in osmosis _ the flow of solvent 
molecules occurs in one direction only. - 

(ii) For osmosis, a semipermeable membrane* is required 
while for diffusion it-is not required. 


can be 


Semipermeable membrane 


“A membrane which allows the solvent molecules to pass 
through it but prevents the passage of solute molecules through it 
is called a semipermeable membrane.” 

Examples of semipermeable membranes are- - too. many. 
Parchment paper, membranes covering the animal and plant cells 
and many gelatinous inorganic substances such as calcium 
phosphate and copper ferrocyanide, etc., act as semipermeable 
membranes. Animal and plant membranes are not all completely 


semipermeable. The best semipermeable membrane used is 


prepared by deposition of copper ferrocyanide, Cu alFe(CN)¢], 
in the pores of a porous pot. 

Working of semipermeable membrane ; Sev~ral theories 
have been put forward to explain the. wuiuoy v1 semipermeable 
membrane. These are : 

(a) The sieve theory : The theory was suggested by Traube. 
According to this theory, a semipermeable. membrane contains-a. 
large number of small pores which act like a sieve. The pores 
allow the smaller molecules of solvent to pass through it but does 
not allow the larger molecules of solute to do so. However, this 
theory fails in those cases of semipermeability where the solute 
molecules-are smaller than the solvent molecules. 

{b) The solution theory : According to this theory, a 
membrane is permeable to those substances which dissolve in it 
and is impermeable to those which are insoluble in it. Thus, a 
layer of phenol acts as a semipermeable membrane when placed 
between a solution of Ca(NO, ),. Phenol allows water to pass 
through it because water is soluble in phenol. It is impermeable to 
Ca{NO, )2 because Ca(NO, ), is insoluble in phenol. 

(c) Vapour pressure theory : According to this theory, a 
solvent can pass through a semipermeable membrane because the 
vapour pressure of the pure solvent is higher than the vapour 
pressure of the solution. This theory i is widely aceepied ys because it 
explains the phenomenon of osmosis. 

Osmotic pressure: A porous pot is taken and a 
semipermeable membrane of copper ferrocyanide is deposited in 
its walls. It is fitted with a long glass tube with the help of a 
rubber stopper. It is filled with concentrated aqueous sugar 
solution and placed in distilled water. Osmosis occurs and the 
level of the solution in glass tube rises over a period of time. - 
After a few days, the level becomes stationary. At this 
equilibrium state the hydrostatic pressure of the liquid column 
exactly balances the tendency which enables the water molecules 
to pass through semipermeable membrane. 


* Membranes which allow the passage of only solvent molecules through them are called semipermeable membranes. Egg membrane, goat’s bladder 
and cell membranes can serve as semipermeable membranes but these are not perfect for laboratory measurements. Artificial membranes of gelatinous 
inorganic substances such as copper ferrocyanide are used these days as semipermeable membranes. 
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Fig. 5.12 Hydrostatic pressure determination 


The hydrostatic pressure developed as a result of osmosis 
is a measure of osmotic pressure of the solution. Osmotic 
pressure is also defined as the hydrostatic pressure built up on 
the solution which just stops the osmosis. 

Osmotic pressure = hydrostatic pressure 
t=hdg | 
where, = increase in level in the tube of unit cross section, 
d = density of solution and g = acceleration due to gravity. 

Actually, this will not be an exact measure of osmotic pressure 
of the solution originally taken because sufficient dilution has 
taken place with time. 

If osmosis takes place due to concentration gradient i.e., when 
two solutions of different concentration are separated by 
semipermeable membrane then, 

nm = hdg = ACRT 
Alternative definition: An apparatus as shown in Fig. 5.13 


consists of a water-tight chamber which is divided into two | 


halves by a semipermeable membrane and fitted with a 
water-tight piston and a flow indicator in separate compartments. 
The compartment having a piston is filled with solution and the 
other compartment is filled with a pure solvent. Water (solvent) 
tries to flow into the solution side. To check this tendency, a 
certain pressure shall have to be applied by the piston. This 
external pressure is thus a measure of osmotic pressure of the 
solution. The external pressure which must be applied on the 


External 
pressure 


Flow 
indicator 


Semipermeable membrane - 
Fig. 5.13 
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solution in order to stop the flow of the solvent into the 
solution through semipermeable membrane is equal to 
osmotic pressure. 


Determination of Osmotic Pressure: Berkeley and 
Hartley’s Method 
Various methods are employed for the measurement of 
osmotic pressure but the best known method was suggested by 
Berkeley and Hartley. The apparatus used is shown in Fig. 5.14. 
A porcelain tube having copper ferrocyanide membrane in its 
walls is enclosed in a metallic jacket. The porcelain tube is fitted 
with a reservoir of pure solvent at one end and a capillary tube at 
the other end. In a metallic jacket, there is an arrangement for 
applying external pressure which is measured with the help of 
ressure gauge. 


External 
pressure 


Stop cock’ 


Semipermeable 
membrane 


Steel vessel 


Fig. 5.14 Berkeley and Hartley's method 


Procedure: The porcelain tube is filled with pure solvent 
and the metallic jacket with solution. The level in the capillary 
tube will tend to move down as the solvent flows towards 
solution due to osmosis. External pressure is now applied on the 


.solution by the piston so that level in capillary remains stationary. 


The reading of pressure gauge is recorded. This is the osmotic 
pressure of the solution. 

Advantages: (i) It is a quick and accurate method. 

(ti) The concentration of the solution does. not change 


. because flow of solvent is not permitted into solution; so the 


results obtained by this method are reliable. ° 

(iii) As the osmotic pressure is balanced by external pressure, 
there is no strain on membrane and the danger of its bursting is 
eliminated. So, this method can be used to measure high osmotic 
pressures also. 


Comparison of osmotic pressures: de-Vries divcionei an 


approximate method for comparing the relative osmotic 


pressures of aqueous solutions. A solution of low osmotic . 
pressure is termed hypotonic and solution of high osmotic 
pressure is termed hypertonic. The protoplasmic layer, lining the 
cell walls of plant cells is easily penetrated by water but is almost 
impermeable to the substances dissolved in‘ the cellular fluid. 
When a plant cell is placed in hypotonic solution, the water is 
drawn in and the cell swells. If the cell is placed in a hypertonic 
solution, water will diffuse out of the cell fiuid atid partial 
collapse of the cell will take place when hypotonic solution is 
separated from hypertonic solution using semipermeable 
membrane, then osmosis takes place from hypotonic to 
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hypertonic because solvent concentration is greater in hypotonic 
- solution. This phenomenon is known as plasmolysis. The change 


in cell can be observed under a microscope. When the plant cell is. 


placed in the solution of same osmotic pressure as that of the cell 
fluid, no change in the structure of the cell is observed. Such 
solutions having same osmotic pressures are termed isotonic. By 
putting, therefore, cells of the same kind into solutions of 
different concentrations, it can be ascertained whether the 
solution is hypertonic or hypotonic or isotonic. 


IN 
=o 
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Fig. 5.15 Plasmolysis — 
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Some biological explanation on the basis of osmosis are given 
below: - 
(i) In animals, circulation of water to all parts of body takes 
place due to osmosis. . 
Gi) Plant roots absorb water from soil due to osmosis. Concen- 
‘tration of cell sap inside the root hair cells is higher than that of 


water present in the soil. Water enters the root cells due to © 


endosmosis. 
(iii) Water absorbed by plant roots is circulated in the entire 
-plant body and reaches to the top of a tall tree due to osmosis. 
(iv) Osmosis helps in plant growth and germination of seeds. 
(v) Red blood cells burst when placed in water; it is due to 
-endosmosis. 

(vi) Various functions of plants are controlled by osmosis, 

ée.g., stretching of leaves and flowers, opening and closing of 
” flowers. 

’ (vii) Use of salt and sugar in pickles and jams acts as 
preservatives. It prevents growth of bacteria and fungi by 
osmosis. 

(viii) Dead bodies swell under water due to endosmosis. 

(ix) When dried fruits and vegetables are placed in water, they 
slowly swell and return to the original form. It is again due to 
endosmosis of water into the fruits and vegetables. 

Intravenous drip of saline water : Saline drip to the patients 
is also based on the principle of osmosis. 

Gi) A 0.91% solution of NaCl in water is isotonic to human 
blood. Hence, in this solution red blood cells neither swell nor 
shrink. 

(ii) Aqueous solution of NaCl with concentration less than 
0.91% is hypotonic to blood. On placing red blood cells in this 
solution, endosmosis results into bursting of RBCs. 

(iii) Aqueous solution of NaCl with concentration more than 
0.91% is hypertonic to blood. On placing red blood cells in it 

_ exosmosis or plasmolysis results into shrinking of cells. 


514 VAN’T HOFF THEORY OF DILUTE 
SOLUTIONS 


van’t Hoff realised that an analogy exists between gases and 
solutions provided osmotic pressure of solutions is used in place 
of ordinary gas pressure. He showed that for dilute solutions of 
non-electrolytes the following laws hold good: 

1. Boyle-van’t Hoff law: The osmotic pressure (P or 1) 
of a solution is directly proportional to its concentration (C ) 
when the temperature is kept constant. The concentration of the 


solution containing one gram mole in V litre is equal to 
1 1 : 


V V 

Thus, P&C (when temperature is constant) 
or Pe iL 
or ' PV = constant or mV = constant 


van’t Hoff presumed that the osmotic pressure is due to the 
bombardment of solute molecules against the semipermeable 
membrane as the gas pressure is due to hits recorded by gas 
molecules against the walls of its container. 

2. Pressure-Temperature law (Gay-Lussac-van’t Hoff 
law): Concentration remaining same, the osmotic pressure of a 
dilute solution is directly proportional to its absolute temperature 
(T),ie, 


Pel 


P Tt 
or —~ = constant or — = constant 
T : T 
Combining the two laws, ie, when concentration and 
temperature both are changing, the osmotic pressure will be 
given by: 


PxCT 
or P=kCT 
1 *, Jl 
or P=k-—-T since, C= 2) 
V V 
or PY = ST or nV = ST 


S is called molar solution constant. 
Here, V is the volume of solution containing one gram mole of 
the solute. The value of § comes out to 0.082 litre atm K7! mol! 


which is in agreement with the value of R, the molar gas constant. 
In case, the solution contains m gram moles in V litre, the general — 
equation would become: , 
PV =nST or nV =nST 

3. Third law: Equimolecular solutions of different solutes 
exert equal osmotic pressure under identical conditions of 
temperature. Such solutions which have the same osmotic 
pressure are termed isotonic or iso-osmotic. When two isotonic 
solutions are separated by a semipermeable membrane, no flow 
of solvent molecules is observed on either side. 
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The law is similar to Avogadro’s hypothesis. It can be stated 
as, “Equal volumes of dilute solutions of different solutes, 
having the same temperature and osmotic pressure, contain 
equal number of molecules”. 


PV =n,ST 
P Viz n»ST 

Thus, 2, must be equal to 7, when P,V and T are same. 

The analogy of dilute solutions with gases is thus perfect. This 
led van’t Hoff to suggest that a solute in dissolved state (2, in 
solution) behaves as a gas and the osmotic pressure of the 
solution is equal to the pressure which the solute would exert 
if it were a gas at the same temperature and occupying the 


same volume as that of the solution. This statement is known as 
van’t Hoff theory of dilute solutions. 


For solution I, 


For solution II, 


5.15 DETERMINATION OF MOLECULAR 
MASSES 


In the case of dilute solutions, it has been stated that the equation 
PV =nST holds good. Instead of one gram mole of the solute 
present in V litre of solution, let wg gram of solute (mol. mass 
ma ) be present in V’ litre of solution; then 


w 
n=—andV=V’ 
My 


Thus, the equation PV = nST becomes: 
py’="2.. sr 
Mp 
we XSXT 
or nz =— 
Py’ 


Knowing the value of P experimentally, the value of m aohe, 


molecular mass of the solute can be determined. 

Consider two solutions I and I having n, and x, moles of the 
solute in V, and V, litres of solution respectively. Let P, and P, 
be their osmotic pressures at the same temperature (T ). 


From the equation PV =nST, 


For solution I, PY, =n, ST 
or P= 7 ST 
"— Forsolution i, Py = a 
or = P, = —* ST 


Vy 


If both solutions are jasiniiie: ie, P, = P,, obviously, 


1 sr = "2. sr 
V, V, 
or Mica Ver, 
Vi Vy 
/ / 
se Wim — W/m, 


yn OV, 
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WW 


or 


m XV, my XV° 


This is the condition for isotonic solutions. 
If molecular mass of one solute is known, the molecular mass 


of the other can be determined without using osmotic pressure 
values. 


. Osmotic pressure of mixture of two solutions: 


Case I: Let two solutions of same substance having 
different osmotic pressures m, and, are mixed. Osmotic 
pressure of the resultant solution can be calculated as, 

TV, + HV, =RegV, +V,)~ 
where, V, and V, are the volumes of two solutions and 1p is the 
resultant osmotic pressure. 

Case II: Let , and n, are the number of moles of two 
different solutes present in, and V, volumes respectively. 

Osmotic pressure of the mixture can be calculated as, 
nijRT — nyipRT 
Vth) YW +¥) 

_ mh + Nh) 

VY, +¥%) 


R=N, +h, = 
RT 
Here, i, and i, are van’t Hoff factor for the two solutes. 


2222888 QiSome Soiven Examptes\ $833; : 


‘Example 49... 200 em? of an aqueous solution contains 1.26 


gota polymer. The osmotic pressure of such solution at 300 K is 


found to be 2.57x 10° bar. Calculate the molar mass of the 
polymer. 


Solution: TV = bib RT 
s My 
Mp —Wa AT 
, Vo 
al 26 1.26 0.083 x 300 61038 gp mncl™ 
0.2 257x107 


_ Example 50. A solution is prepared by dissolving 1.08 g of 
Monigae serum albumin, a protein obtained from blood plasma, in 
50cm? of aqueous solution. The solution has an osmotic pressure 
of 5.85mm Hg at 298K: 

(a) What is molar mass of albumin? 
(b) What i is height of water column Pigeed s in solution? 
d(H,0)=1g om? 


Solution: 


(a) Molar mass of albumin can be calculated 
using following relation: 
: Wp X RT ae 
Mp =———— AG 
| mp nV G) 
Given, w, = 1.08 g; R = 0.0821 litre atm K7' mol 
5.85 50 


T= as t= —— atm; V = —— = 0.05 litre 
760 1000 
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Substituting these values in eq. (i) 
1.08 x 0.0821 x 298 


my = = 68655 2 / mol 
* (5.85/ 760) x 0.05 oy) 
(b) t=h-d-g 
3-85 1013252 hx 1x 107 x 9.8 
760 
h=7.958x10* m= 7.958 x 10° cm 
“. Example.51, Calculate osmotic pressure of 5% solution of 


cane sugar (sucrose) at 15°C. 


Solution: m= mol. mass of sucrose (C,7H>,0,,) = 342 
w=5g, V =100mL = 0.1 litre 
S = 0.082, T = (15 + 273) = 288K 
Applying the equation PV =~ ST, 
, 5 1 _ 
P=—— x — x 0.082 x 288 
342 0.1 
= 3.453 atm 


Example 52. The solution containing 10 g of an organic 
compound per litre showed an osmotic: pressure of 1.18 


atmosphere at 0°C. Calculate the molecular mass of the 


compound (S = 0.0821 litre atm per degree per mol ). 
Solution: Applying the equation, 
= .sT 
PY 
Given, w=10 g, P=1:18 atm, V=1 litre, S = 0.0821 and 
T=273K. — , 


m= — 9 x 0,0821x 273 = 189.94 
118x1 


_.Example 53. The. osmotic pressure of a _ solution 
containing 30 g of a substance in | litre solution at 20°C is 3.2 
. atmosphere. Calculate the value of S. The molecular mass of. 

' solute is 228. 


Solution: Applying the equation, 


prelsr 
m 


_mxPxV 
wxT 
Given, m= 228, P = 3.2atm, V = llitre, w= 30g and 


T = 20+ 273= 293K. 
_ 228x3.2x1 


(30x 293 


or 


=0. 083 litre atm per degree per mol 


Example. 54. What is the volume of solution containing \g 
mole of sugar that will give rise to an osmotic pressure of 
latmosphere at 0°C? 


Solution: Applying the equation PV = n- ST, 
=(xsxT 
P : 


Given, n=1,P =latm, S = 0.082land T = 273K 


- “x 0.0821 273 = 22.4 litre 


Example 55. Find the osmotic pressure of M/20 solution 


of urea at 27°C (S = 0.0821 lit atmK~' mol ~'). 


Solution: Applying the equation PV = n-ST, 


p=_.sT 
Vv 


or : P=Molarity x 5 xT 


Given, 


¥ 


molarity. = 5 = 0.05, S = 0.082 land T = 27+ 273 = 300K 


Substituting values, 
P=0.05x 0.0821 x 300= 1.2315 atm — 


~ Example 56. The osmotic pressure of a solution of an 
organic substance containing 18g in one litre of solution at 293 K 


- is 2.414 x n Nm™. Find the molecular mass of the substance if. - 


S =8.3JK"! permol 
Applying the equation, 
P¥=~.SsT 
m 


Solution: 


or : m=—_-ST 
. - PV 
Given, P = 2.414x 10° Nm7?,¥ =1.0lit=1x 107 m? 
S =8.3IK"' per mol, w= 18g and T = 293K 
_ 18 
2.414x 10° x 1x 103 


Example 57. 4 5% solution of cane sugar is isotonic with 


x 8,3 x 293 = 181.33 


" 0.877% solution of urea. Calculate the molecular mass of urea if 


the molecular mass of cane sugar is 342. 


Solution: Let the molecular mass of urea be m,. 
Molar concentration of sugar = BS ica 
: m xV, 342x001 
and Molar concentration of urea = —~2— = oe 
: . , mM xV, My, x 0.1 
For isotonic solutions, 
Wy _ We 
mV, mV, 
5 _ 0.877 
3420.1 m,x0.1 
0.877 x 34 
m, = ee ? = 59.987 


{LUSTRATIONS OF OBJECTIVE QUESTIONS 


- 32. _ Find out the osmotic pressure of 0.25 M aqueous solution of 


urea at 27°C (R = 0.082 litre atm K~! mol”', R = 1.987 cal 


K"'mol™!). [CET (Gujarat) 2008} 
(a)6.15 atm (b) 0.615 atm (c) 0.0615 atm © 61.5 atm 
[Ans. @) 


‘ SOLUTIONS ~~ 


[Hint : m =CRT 


= 0.25 x 0.0821 x 300 
= 6.157 atm] 
33. Two solutions of glucose have osmotic pressures 1. 5 and 2.5 
atm. | litre of first solution is mixed with 2 litre of second. 
solution. The osmotic pressure of the resultant solution will 


be: 

(a) 1.62 atm (b)6.12atm (c)1.26atm (d) 2.16 atm 
jAns. (d] : 

(Hint: nV, + 22%, =12(V, + Vy) 


15x1+25x2=N, x3 
Ta = 93 =2.16 atm] | 


34. 18 g glucose and 6 g urea are dissolved in 1 litre aqueous 
solution at 27°C. The osinotic pressure of the solution will 


be: 

(a) 3.826 atm (b) 4.926 atm 
(c) 2.92 atm (d) 9.42 atm 
[Ans. (b)] , 
(Hint: 9 2V = (a, + m)RT 


nV -(2 + “er 
my Mm, 


nxia( te S| x 0.0821 x 300 
180 60 


nm = 4.926 atm] 


35. A solution containing 10 g per dm? of urea ee w. = 60) is 


isotonic with a 5% solution of a non-volatile solute. The 
molecular mass of this non-volatile solute is: 


[CBSE (sresica) 2006} 
(a) 250 g mol! (b) 300 g mol! 
(c) 350 g mol"! ~. (d) 200 g mol! 
{Ans. (b)] , 
(Hint: 7, (urea) = 71, (unknown solute) 


C, (urea) = C, (unknown solute) 


E x a |" al 
Mz X v urea Mg X E unknown solute 


10x1000._ 5 x 1000 
60x 1000 mg x 100 
mg =300¢ mol” ] ; 
36. The osmotic pressure of a solution at 0°C is 4 atm. What will 
- be its osmotic pressure at 546 K under similar conditions? 


(a) 4 atm (b) 2 atm ({c) 8 atm (d) 1 atm 
[Ans. (c)] 
eae: “mt, _ CRT, 
Tine ie CRT, 
mT 
Tt, T, 
4 2B 
T, 546 
N, = 8 atm] 
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37. The temperature at which 10% aqueous Solution (2) of 


glucose will exhibit the osmotic pressure of 16.4 atm, is: 

(R = 0.082 dm? atm K~ 'mol”") [PMT (Kerala) 2008] _ 
(a)360°C —s (b) 180 K (0) 90K (d) 300K 

(e) 360 K 

[Ans. (e)] 

[Hint : nV =nRT 


164 x{ 100 ne 
\ L000 180 


T =360K] 


_ 5.16 REVERSE OSMOSIS 


When a solution is separated from pure water by a 
semipermeable membrane, water moves towards the solution on 
account of osmosis. This process continues till osmotic pressure 
becomes equal to hydrostatic pressure or osmosis can be stopped 
by applying external pressure equal to osmotic pressure on 
solution. If external pressure greater than osmotic pressure is 
applied, the flow of solvent molecules. can be made-to proceed 
from solution towards pure solvent, i.e:, in reverse direction of . 
the ordinary osmosis. This type of osmosis is termed reverse 
osmosis. Reverse osmosis is used for the desalination of sea 
water for getting fresh drinking water. 


5:17 ABNORMAL COLLIGATIVE 
PROPERTIES 


The colligative properties of solutions depend on the number of 
solute particles present in solution. Various relations derived for 


. colligative properties hold good in dilute solutions only when | 


there is no change in molecular state of solute.-In case, the total _ 
number of particles of the solute changes in- solution, the 
colligative preperty shall also change accordingly. The number of 
particles in solution may change in two ways: 
() By dissociation: © When the substance is an electrolyte, 
i.e, the substance undergoes ionisation and number of particles 
increases in solution, the ions act as particles. The number of 
particles, thus, increases on ionisation and the value of colligative 
property increases accordingly. 
(ii) By association: When the substance undergoes 
association, i. e., two or more molecules of the solute associate to 
form a single giant particle, the number of particles decreases and 
consequently the value of colligative property decreases. Thus, 
Normal value of colligative property 
ec No, of particles of solute taken 
Abnormal value of colligative property 
cc No. of particles of solute after 
ionisation or association 


Abnorinal colligative property 


Thus, the ratio, , may have the 


Normal colligative property 
value either more than 1 or less than 1. The ratio is termed van’t 


Hoff factor which is represented by ‘i’. Thus, 
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‘Table 5.6 Illustrations of van’t Hoff Factor ‘i’ for Different Solutes 


No. of particles in 3 ‘ 
van’t Hoff Abnormal 
Tonisation or association the solution from factor ‘i? molecular mass 
; 1 mole solute oo 

5 : Moormal 

AB — A +B : ™Moormal 

H,COOH, etc. 1-o o a : l+a 
aCl,, BaCl, 0) AB Se Mrormal 
H,SO,, K,[PtCl,] ia a mm | 1+ 20 
ee 5 : A,B === 2A* + B?~ Mnormal 
l-o 20 a | ; 1+ 20 

AB, => A™ + 3B" Mrormal 

electrolyte AB, or OO, °° ‘I-a@ "of 3a, of, 1430 
A,B == 3A* + BP | Mrormal 
, 1a 30 1+ 30 
enzoic acid forming nA == An normal 

dimer in benzene fq 

i- te - | a 

ny; 

One mole of solute | AB, , === A* "9 + (2-1) BE 1+ (@-De] Moerral 

giving 7 ions in the l-a@ a (n= No. = [l+ @-Do] 


= Pobs (AP Jobs. 
© Prormat — (AP )normat 
_ (ATs ors. AT Dots. 
© (AT, normal ‘(AT + oornnal 
Actual no. of particles in solution 
No. of particles taken 


(i) Suppose one molecule of an electrolyte gives ‘n’ ions on 
dissociation and ‘«’ is its degree of ionisation. Obviously, 


Number of ions produced = na 
and Number of unionised molecules = 1~— a 
Total number of particles in solution = 1—a + na 


=l+(n-Da 
Thus, 
van’t Hoff factor ‘i’ pred (rd > lifis 2 or more 
and . O= aa 
. n-l 


(ii) Suppose ‘n’ molecules associate to form one giant 
molecule and ‘a’ is the degree of association; then . 

nA == (A), 

a-® ain 


Total number of particles in solution =1-a+a/n 


-14(4-1Ja 
r 52 , 


— as(2-t}o 
Thus, van’t Hoff ea pea < lifis 2 or more 


7 1-i 
1-I/n 
As, Colligative property ~ alae 
So, Observed colligative property a ‘Normal mol. mass 
Normal colligative property Observed mol. mass 
Normal mol. mass 


Thus, j= 
: Observed mol. mass 


In case of dissociation, 
_ Normal mol. mass 


j= =l+(n-lDarl 
Observed mol. mass 


Observed mol. mass will always be less than normal mol. mass. 
In case of association, 
_ Normal mol. mass _ |, ( 1 ) 


i Observed mol. mass n 


Observed mol. mass will always be higher than normal mol. mass. 


Relation between osmotic pressure and vapour pressure 


Let an aqueous dilute solution filled in a capillary tube is 
closed at one end by a semipermeable membrane. The tube is 
placed in pure solvent (water). Entire apparatus is closed by a 
belljar. At osmotic equilibrium, the belljar is saturated with water 


SOLUTIONS 


vapour. At equilibrium osmotic pressure (71) becomes equal to 
hydrostatic pressure. . 


n=hxd | . @) 
where ‘h’ is height in the column, 7 is osmotic pressure. 
Let, Po = Vapour pressure of pure solvent 


p= Vapour pressure of solution 


+——— Saturated space 
with water vapour 


Solution 
Pure solvent | 


-- Semipermeable 
membrane 


Fig. 5.16 


Pressure at level Z; = pg; Pressure at level L, = p. Pressure at 
L, will be greater than pressure at L,. Then 
Po Pp=hD — (ii) 
where ‘D’ is density of solvent vapour at pressure po. 
Dividing eq. (i) by eq. (ii), we have, 
nm _hd_d 
Po-p hD D 
at a fixed temperature d/D is constant. 


1 = constant ( py ~ p) ... (ili) 
ie, Te<( py ~ p)or Ap ... (iv) 


Thus, osmotic pressure is directly proportional to the lowering 
of vapour pressure. 


We know that, PV = ART 
W 
ie, poM = RT = DRT 
RID. 
Po rae .. (v) | 

Dividing eq. (iii) by eq. (v), we get 
Pas eee 

Po d RID 
ey 
Po dRT 


M. 
Ata fixed temperature, m and —— is constant. 


Ap 


Thus, —«,ie., osmotic pressure is proportional to 
Po 


relative lowering of vapour pressure. 


fee o = 0.733 or 
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Partial pressure of immiscible liquids 
Let ‘4’ and ‘B” be the two volatile and immiscible liquids; p 

and pz be the partial pressures of ‘A’ and ‘B’ respectively. 
Then, pee eis 

PR Neg 


where, M, and Mz, are molar‘concentrations of ‘A’ and ‘B’ 
respectively. 


Pa Waly 
Pp Wel m, 
where, W, and W, are weights of ‘ 4’ and ‘B’, m, and mg are 


molecular weights of ‘ A’ and ‘ B’ respectively. 


_ Example $8. Phenol associates in benzene to a certain 
extent for a dimer. A solution containing 20 x 107° kg of phenol in 


1.0 kg of benzene has its freezing point decreased by 0.69 K. 
Calculate the fraction of the phenol that has dimerised (K f Of 
benzene is 5.12°K kg mol nie 


Solution: Observed mol. mass 
1000 K , x w 
WAT 
_ 1000x 5.12x 20x 107 
. 1x 0.69 
Normal mol. mass of phenol (C,H;OH) = 94 
Normal mol. mass 94 
So SS 
148.4 


= 148.4 


Observed mol. mass 


73.3% 


Example 59. The freezing point depression of 0.001m 
K,.[Fe(CN )¢ ]is 7.10 x 10°? K. Determine the value of x. Given, 


Ky = 1.86K kg mol” ' for water 


Solution: Axv=Ix Ky xm 


7.10 107 =x 1.86x 0.001 


i= 3.817 
-  i-] 
= ——_ 
n-l 
_ 3.817-1 
(x+1-1 
x=2.817=3 


*. Molecular formula of the compound is K ,[Fe(CN)g ]. 


Example 60. 4 ~ solution of potassium ferrocyanide is 


46% dissociated at 18°C. What-will be its osmotic pressure? 
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Solution: Normal osmotic pressure = 


LK Cy 
mxV : ; 


(when no dissociation has taken place) 


“ =0.1,V =llitre, § = 0.0821,T = 18+ 273= 291K 


Normal osmotic pressure = “ x 0.0821 x 291 = 2.389 atm 


' Potassium ferrocyanide is an electrolyte. It dissociates as: 


K4Fe(CN) 4 === 4K* + [Fe(CN) 6] 
(i-a@) 4a “ox 


Total number of particles =l-a+4a+a=1+ 4a 
a = 0.46; so, 1+ 4a =14 4 x 0.46 = 2.84 
Observed osmotic pressure 2.84 
Normal osmotic pressure .- 1 
Observed osmotic pressure = 2.84 x 2.389 


= 6.785 atm 


Example 61. 4 0.5% aqueous-solution of KCI was eine 

to freeze at — 0.24° C. Calculate the vant Hoff factor and degree 

_ of dissociation of the solute at this concentration ( K, for water 
‘= 1.86K kg mol™!). 


oe, 1000x K , x w 
Solution; Observed mol. mass of Kcl= = —___+___ 
_ «AEXW? 

Given, K, =1.86K kg mol! ,w=0.5g, W =100g, AT = 0.24 
So, Observed mol. mas’,of KCl = bAusdag ncaa = 38.75 

. co 0.24 x 100 
Normal mol. mass of KC] = 39 + 35.5 = 74.5 

Normal mol. mass ° 


van’ t Hoff factor = ~ 
Observed mol. mass 

ey) 

38.75 | 

KCl == K* 

(1- a) a 


Total number of particles = Il-~-a+a+a=1+0 
i=1l+a 
1.92=1+0. 
So, , , ~  @=1,92~1=0,92 
i.e., 92% dissociated: 
sf Example 62. The freezing point of a solution containing 
0.2 g of acetic acid in 20 g of benzene is lowered by 0.459°C. 


Calculate the degree of assOciafion of acetic acid in benzene (K, 
for benzene is 5.12 K kg mol - Fy: (IIT 1994) 


Solution: Let the observed molecular mass of acetic acid be 
Mops - ; 
1000x K, x w 
Mobs, Fo 
Wx AT 
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_ 1000 x 5.12 x 0.2 

20x 0.45 
Normal molecular mass of acetic acid = 60 
aor COOH == (CeECO) 2 


ate) a2 


= 113.78 


Before association 
After association 


van’t Hoff factor = Normal mol. mass 


Obs. mol. mass 


_1-a+a/2 
a 
pL 
113.78. 2 
or - &=0.945 


or 94.5% associated . 


38. 0,002 molar solution of NaCl ae degree of dissociation of 
90% at 27°C has osmotic pressure equal to: 


(a) 0.94 bar  (b) 9.4 bar 
(c) 0.094 bar (d) 9.4.x 107 bar 
[Ans. (c)] 
{Hint: a= oo 
Oa yey 
~i 

= iCRT 

= 1.9 x 0.002 x 0.082 x 300 

= 0.094 bar] 


39, A 0.2 molal solution of KCI freezes at — 0.68°C. If Ky for 


H,O is 1.86, the degree of dissociation of KC1 is: 
(a) 75% 


(b) 83% (c) 65% (d) 92% 
[Ans. (b)] 
[Hint: AT =ixK,;xm 
0.68 = i x 1.86 x 0.2 
i=1.83 
i-l 
a= 
n-l 
= 1.83 -1 = 0.83 
= 


Tonization = 83%] 


40. A certain substance ‘ 4’ tetramerises in water to the extent of 
80%. A solution of 2.5 g of A in 100 g of water lowers the 
freezing point by 0.3°C. The molar mass of A is: 


{a) 122 (b) 31 (c) 244 (d) 62 
fAns. (d)] 
(Hint: a= = 
1 
1-— 
n 
(seo ,i=04 
1 
t= 
4 


SOLUTIONS 


AT =iK, Xm 

wz X 1000 
mg X Wy 
2.5 x 1000 
mg x 100 


0.3 = 0.4 x 1.86 x 


0.3 = 0.4 x 1.86 x 


mpg = 62] 
41. van’t Hoff factor of Hg,Cl, in its aqueous solution will be 
(Hg,Cl, is 80% ionized in the solution): 
(a) 1.6 (b) 2.6 (c) 3.6 
[Ans. (b)] ; a8 
[Hint: Hg,Cl, === * Hg3* + 2cl- 
n=3 


Dias 


n-] 
_i-l 
“3-1 
i= 2.6] : 
42. 0.1 M aqueous solution of MgCl, at 300 K is 4.92 atm. What 
will be the percentage ionization of the salt? 


0.8 


(a} 49% (b) 29% (c) 39% (d) 69% 
{Ans. {(a)] 
{Hint: w= iCRT 


(d) 4.6 43, 
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4.92 =i x 0.1 x 00821 x 300 
i=1.99 
i-] 
Q=— 
: n-l 
IRISH 209 0g 
3-1 2 


Percentage ionization = 49%] 
Which of the following solutions will exhibit highest boiling 


point? (KCET 2006) 
(a) 0.01 WM Na,SO, (b) 0.01 44 KNO, 

(c) 0.015 M urea (d} 0.015 M glucose 

iAns. (a)] 


(Hint: AT =ixk, xm 


ix m of Na,SO, is highest, hence its boiling point will also be 
highest. : ; 


Na,SO, ixm=3x0.01=0.03 
KNO, ixm=2x0.01=0.02 
Urea ixm=1x0.015=0.015. 
Glucose 


ixm=1x0.015=0.015] 
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1//]//4 


' Example 1. 
solution of a non-electrolyte having an osmotic pressure of 2.0 
atmosphere at 300K. 


(Ky = 186K ig mol, R= 0.821 liire-aim K mol‘) 


(LIT 1993) 
Solution: We know that, 
P=CRT 
; : a) 
or, C= Ze = a. mol lit! 


RT 0.0821 300 

In dilute solution, the density of water can be taken as 1.0 g 
cm 
2 Pe 2 a 
0.0821 x 300 0.0821 x 300 

Let AT be the depression in freezing point. 
j AT = K; x molality 

2 

0.0821 x 300 


Hence, ol kg? 


= 1.86 =0.151K 


Freezing point = (273 — 0.151) = 272.749 K or —0.151°C 


Example.2. Calculate the amount of NaCl which must be 
added to 100 g water so that iia! point is depressed by 2 K. 
For water, K, =1.86 K kg mol. a 


Solution: NaCl is a strong electrolyte. It is completely 
dissociated in solution. 


Degree of dissociation, a =1 


NaCl =="Na* + CI 


(n=2 
No. of particles after dissociation = 1+ (n - l)a 
om [+ (2- 1)x 1=2 
AT ops. No. of particles after dissociation 


AT peo. | No. of particles when there is no dissociation 
_ 
AT neo. 
or an Al. 1 
Let w g of NaCl be dissolved in 100 g of water. 
1000x Ky xw 
Wxm 
AT reo, X WX m _ 
1000x Ky 


=2 


| So, . AT eo. = 
1x 100x 58.5 


or we 
; 1000 x 1.86 


= 3.145 g° 


Example 3. The degree of dissociation of Ca(NO; ) in a 
dilute solution containing 14 g of the salt per 200 g of water at 
100°C is 70%. If the vapour pressure of water is 760 mm, 
calculate the vapour pressure of solution. — . (IIT 1991) 


‘MISCELLANEOUS NUMERICAL EXAMPLES. Z 


Calculate the freezing point of an aqueous 


Zt 


Solution: 


AP neo, = Lowering in vapour pressure when there is no 


F dissociation 
= Do et (given, po = 760mm, w= 14g, 
Wm 
.  W = 200g, M =18,m= 164) 
- 10X14 X18 ogy 


200 x 164 
As Aet e 70 
Degree of dissociation = —— = 0.7 
100 
Ca(NO,), —==Ca”* + 2NO3 


(n= 3) 


AP obs. _ No. of particles after dissociation 


APine. No. of particles when there is no dissociation 
lt (n~ Dot (3-1)x 07 
1 ‘1 
So, AP ons = 2-4 X APtheo, = 2.4 x 5.84 
= 14.02 mm 
Po — Ps = APops, = 14.02 
| P, = Po — 14.02 = 760- 14.02 = 745.98 mm 


Example 4. Calculate the osmotic pressure of solution 
obtained by mixing 100 mL of 3.4% solution of urea (molecular 
mass = 60) and 100mL of 1.6% solution of cane sugar (molecular 


=24 


+ mass = 342) at 20°C. 


Solution: No. of moles of urea = = = 0.0567 


No. of moles of cane sugar = a = 0,0047 


Total number of moles = (0.0567 + 0.0047) = 0.0614 
Total volume of solution =(100 + as =.200 mL 
=O.2 lite. 
PY= (Total number of moles) x. SxT 


0.0614 


P= x 0.0821 293 = 7.385 atm 


Example 5. Calculate the ‘ibtnial boiling point of a sample 
of sea water found to contain 3.5% of NaCl and 0.13% of MgCl, by 
mass. The normal boiling point of water is 100°C and K , (water) 

=0.51K kg mol ~'. Assume that both the salts are completely 
ionised. . 
Solution: Mass of NaCl = 3.5¢ 


No. of moles of NaCl = 33 
58.5 


~ SOLUTIONS 


Number of ions furnished by one molecule of NaCl is 2. 


So, actual number of moles of particles furnished by 


sodium chloride = 2 x a 


, Similarly, actual number of moles of particles furnished by 


magnesium chloride = 3 x —— ea 


Total number of moles of particles = (2 x ast +3xX Se) 


95 
= 0.1238 


Mass of water = (100— 3.5 — 0. 13)= 96.37 g = 2 ig 


Molality = 2-!238 1000 =1.2846 
96.37 
AT, = Molality xK, 
= 1.2846 x 0.51= 0.655K 


- Hence, boiling point of sea water = 373.655 K or 100.659°C. 


“Example 6. A solution of a non-volatile solute in water 
is a boiling point of 375.3 K. Calculate the vapour pressure of 
water above this solution at 338 K. Given, pg (water) = 0.2467 
atm at 338K and K , for water = 0.52. 


Solution: AT, = (375.3 - 373.15)=2.15K | 
We know that, 
AT, = Molality xK, _ 
2.15 = Molality x 0.52 
Molality = oo 4155 
0.52 


i.e.,4.135 moles of the solute present in 1000 g of water (55.5 
moles). : 


$55 955.5. 
4.1354 55.5 59.635 


Vapour pressure of water above solution 


Mole fraction of water = 


= Mole fraction x py 
555 
~ 59.635 
EE ‘Example 7. pea water is 3.5% by mass of a salt and has a 
density 1.04 g em™ at 293 K. Assuming the salt to be sodium 


chloride, calculate the osmotic pressure of sea water. Assume 
complete ionisation of the salt. 


Solution: Mass of NaC] = 


X 0.2467 = 0.23 atm 


352 
No. of moles = ae 
58.5 


Actual number of moles of particles of solute in solution 


Volume of solution = le litre . 
e104 x 1000 
= 2X35, 1.04% 1000 , 99801 x 293 = 2993 atm 


585 — 100 


“Example 8. Molality of a solution in aqueous medium is 
0. 8. Calculate its mole fraction and the PORISE by mass of 
solute if molar mass of solute is 60. 


Solution: We know that, 
j xX, x 1000 12. 
~ (=x, Km, : 
where, xp = mole fraction of solute — 
m, = molar mass of solvent 
0.g= 22% 1000 
(l— xz )x 18 
Xz = 0.014 
Letwp =xg,w, =100 g 
_ Wz X 1000 
mp X Wy 
_ xx 1000 
~ 60x 100 


x= 48% 


Example 9, Calculate the boiling point of a solution 
containing 0.61 g of benzoic acid in 50 g of CS,(1) assuming 
84% dimerisation of the acid. The boiling point and K, of CS, 


are 462° C and 2.3 K kg mol! respectively. (IT 1997). 
Solution: AT =i x K,, x Molality 
=ikK, x w x 1000 
a mxw 
_ 1-i 
1-1/n 
Oe4eclst. 
1-1/2 
—«£= 058" 
AT = 0.58 x 2.3 x 2OL%1000 _ 9 1334 


122 x 50 
T -T) =0.1334 - 
Paty 0.1334 = 46.2 + 0.1334 = 46.3334 

"Example 10. 4 very small amount of a non-volatile solute 
as does not dissociate) is dissolved in 56.8cm> of benzene 
(density 0.889 g cm”? ). At room temperature, vapour pressure of 
this solution is 98.8 mm Hg while that of benzene is 100 mm Hg. 
Find the molality of the solution. If the freezing temperature of 


this solution is 0.73 degree lower than that of benzene, what is the 
value of molal freezing point depression constant of benzene? 


(IT 1997) 
Solution: PP Xs 
, Aiba ke . 
100 


353 


354 


X, =0.012 
Molality = Xj. 1000 _ 00121000 = 0.1557 
(1-X, )mg- 0.988 x 78 


AT = K, x Molality 
0.73 = Ky x 0.1557 
K, = 4.688 * 


Fe ample 11. The solution of a non-volatile solute in water 
freezes: at — 0.30°C. The vapour pressure of pure water at 298 K 
is 23.51 mm Hg and Ky for water is 1.86 degree/molal. 

Calculate the vapour pressure of this solution at 298 K . 
(IIT 1998) 


Solution: AT = K, x Molality 


0.3 = 1.86 x Molality 
Molality = 0.161 


- Molality = Xa *1000_ 
(l- X4 )xXmy 


(I- X, )18 
X 4 = 0.00289 


 0.161= 


Example 12. x g of a non-electrolytic compound (molar 

mass = 200) is dissolved in 1.0 litre of 0.05 M NaCl solution. The 

osmotic pressure of this solution is found to be 4.92 atm at 27°C. 

Calculate the value of‘x . Assume complete dissociation of NaCl 

and ideal behaviour ae this solution. (IIT 1998) 
Solution: 


(i) For NaCl: n= 


iCRT =2x 0.05 x 0.0821 x 300 
= 2.463 atm 
(ii) For unknown compound: 


m=CRT =—— x 0.0821 x 300= 0.1231x atm 
3007. 
Total osmotic pressure N=, + 7%, 


4.92 = 2.463 + 0.1231x 
x= 19,959 g 


Example 13. The freezing point of a solution containing. 
30 cm? of ethylene glycol in 50g of water is found to be -34°C. 
_ Assuming ideal behaviour, calculate the density of ethylene glycol 


(Ky for water=1.86K kg mol ea (LIT 1999) 
Solution: Ara Kp x CM 
mxW 
541 86x Ce 
- 62x 50 
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d=1.13 g/cm’ 


ixample 14. A 1.2% solution of NaCi is isotonic with 
7.2% solution of glucose. Calculate the van t Hoff factor of NaCl. 


(MLNR 1997) 
Solution: NaCl ". glucose 
(Nac) = TR giucose) 
iC\RT  =C)RT 
iM, =O, 
jf 12/585) _ 7.2/180 
V an 2 
= 12% 585 _ 1 95 
1.2 x 180. 


cy Example 15. 1.4 g of acetone dissolved in 100 g of 
benzene gave a solution which freezes at 277.12 K. Pure benzene 
Jreezes at 2718.4 K. 2.8 g of solid (A) dissolved in 100 g of benzene 
gave a solution which froze at 277.76 K. Caiculate the molecular 


mass of (A). GIT 2000) 
Solution:. We know that, 
AT = K, x wx 1000 
mxw 
where, AT = Depression in freezing point 
K, = Molal depression constant of benzene 
w= Mass of solute - 
m= Molecular mass of solute’ 
W= Mass of solvent 
Casel:  (278.4-277.12)= K, x 2% 100 
" 38x 100 
14 : 
1 28= Ky, x— a €| 
aur (ql) 
Case: (278.4~277.16)= K, x 28X10 
m4) X 100 
0.64= K, —& (2) 
MA) 


Dividing eq. (1) by eq. (2), we get 
3, Example 16. To 500 cm? of water, 3.0x 10° kg of acetic 
acid is added. If 23% of acetic acid is dissociated, what will be the 
depression in freezing point? K ‘7 and density of water are 1.86 K 
kg! mol ~' and 0.997 g cm™> respectively. (IIT 2000)" 
Solution: Mass of solute = 3.0x 10° kg = 3.0 
Pelle. mass of solute = 60 
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Mass of solvent = 500 x 0.997 = 498.5 g 
_ We know that, 


Degree of dissociation (a) = aoe 


n-1 


or i= 1.23 
AT =ixK , x molality © 
3x 1000 


_ = 1.23x 1.86x = 0.229 
60x 498.5 


i.e., depression in freezing point = 0.229 


density of solution is 1.1 g/cm. Calculate osmotic rise. 
(1 atm = 76cm Hg, dy, = 13.6g/cm*) 


Solution: t= hdg 


cers E IG peel asta 2 eS aaa Ea 


_1.3X76X136 | 


= 1221cm 


=. -Example 18. (a)10g of a certain non-volatile solute were 
dissolved in 100 g water at 20°C. The vapour pressure was 
lowered from 17.3555 mm to 17.2350 mm; calculate the m.wt. of 
the solute. 

(b) The vapour pressure of pure water at it 25°C i is 23.62 mm. 
What will be the vapour pressure of a solution of 1.5g urea in 50g 


of water? (HT 2001) 
Solution: (a) We know that, Po~P = dad Baki 8 
17.3555-17.2350_ 10x18 
17.2350 mp X 100 
(b) . p=Pox4 . ; 
7 50 
nA 18 
P= Po = 23.62 x 
Ag tng 50° = 15 
18 60 
p= 23.41mm Hg 


. 2 if molecular weight of x, y and z are same: 


b. pt. K, 
x 100 0.68 
y 27 0.53 
zZ 253 0.98 (LIT 2003) 


Example 17. Osmotic pres of a solution is 1.3atm. The . 


ie “yin 100g benzene; ae 


Example 19. Match the boiling point with K , for x, y and . 


Solution: Molal elevation constant may be calculated as, 
pee RT, : (where, T) = boiling point of pure solvent 
boo ~ 1000 je L, = latent heat of vaporization 
i per gram 
RT, AH, 
~~ AH ly = ) 
1000. ie | 
mg (here, AH, = molar latent heat of .. 
‘5 vaporization 
RT,’ Ms m, = molar mass of solute) 
1000 AH, ; 
Since, ASy = Aly 
_ RT my Ty 


K bigoo ~ a sas 
1 1000AS, here, AS) = entropy of vaporization 


By considering AS, as almost constant, K, «Ty. 
K,(x)=0.68; K,(y)=0.53 and K,(z)=0.98 

Example 20. 1.22¢ C,H;COOH is. added into two 

solvents and data of AT, and K , are given as: 

(a) In 100g CH,COCH;,; AT, = 0.17, K, =1.7 kg ie) ws 

AT, = = 0.13; Ky= =2. 6kg ‘kelvin | mol” 


Find out the molecular weight of CoH sCOOH i in bath cases. 
and interpret the result. GIT 2004) 


Solution: (a) AT=K, x 


wy X1000 | 
mg XWy 
1.22 x 1000 . 
mg X 100 


0.17=1.7x 


mM, = 122 
(normal molecular mass of paaioic acid) 
(by . apa Kes x 1000 
. Mg XW4 
0.13= 2.6 X 1.22 x 1000 
mg X 100 
My = 244 
(Abnormally double molecular mass of benzoic acid, it shows 
association of benzoic acid i in benzene.) 


© Example 21. How much C,H sQH should be added to 

itre H,O so that it will not freeze at - 20°C? 
K ¢ =1.86°C/m. 

Mass of 1 litre water = 1000 g 
AT =K,x wz X 1000 

_ Mg X Wy 

wg X 1000 

46 x 1000 

Wy = 494.68 

‘Example 22. Depression in freezing point of 0.1 molat 

solution of HF is ~ 0.201°C. Calculate percentage degree of 

dissociation of HF. (Ky =1.86K kg mol ') . 

[AIPMT (Mains) 2008] 


(BCECE 2006) 
Solution: 


20 = 1.86 x 
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Solution: Weknow 
AT =ix ky xm 
0.201= 1x 1.86x 0.1 


i= 1.0806 
He degree of dissociation HF may be calculated as. 
_ #1 _ 1,0806- 1 0.0806 
n-1l a=1 
paces dissociation = a x 100= 0. 0806x 100 
= 8.06 


Example 23. There is KI and sucrose solution with 0.1 M 
cor ontration, if the osmotic pressure of KI and sucrose solution 
is 0.465 atm and 0.245 atm respectively. Then find the van t Hoff. 
factor of KI and its degree of dissociation. {AIPMT Cane si 


Solution : . For KI 
nt =iCRT 
0.465 =ix O.1X RT. (i) 
For Sucrose ; 3 
m=CRT . : 
0.245 = 0.1x RT (ii) 
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Dividing eq. (i) by (ii) 
BS 0.465 


0.245 
4 i= 1.897 | 
Welnow, er 
: ~| 2-1 
= 0.897 
Percentage ionization = 0.897 x 100 
= 89.7 
~. Example 24. 102% solution of glycerine and 2% solution 


of glucose are isotonic. Molecular mass of glucose is 180 then 
find out the molecular mass of glycerine. [AYPMT (Mains) 2009] 
Selution: = 7 


glycerine * 7 glucose 


C (etycerine) = © Guiucsse) 


120x1000 _ 2x1000 
Mijyoerine X100 180X100 
Motycerine = 91.8 #7 


SUMMARY AND. IMPORTANT Pp 


POINTS TO REMEMBER 


1. Solution; It is a homogeneous mixture of two or more 
components whose concentration can be varied within certain 
limits. A solution containing only two components is termed a 

_ binary solution. One component is called the solute while other 
as solvent. The:component having the same physical state as the 
solution is. called the solvent. In solutions, in which the two 
components have the same physical state, the component present 
in larger. proportion is termed ‘the solvent and the other 
component is called solute. 

2. Soiwbility: A solution is said to be saturated when it 
contains as much solute as it can dissolve at a particular 
temperature in presence of the undissolved solute. A super- 
saturated solution contains more. quantity and an unsaturated 
solution contains less quantity of the solute than a saturated 
solution. 


-The amount of the solute in: grams which can dissolve at a 


particular temperature in 100 grams of the solvent when the- 


solution is saturated is termed solubility of the solute. 

3. Solubility of a gas in a liquid: Gases which can be 
easily liquified are more soluble in common solvents. The gases 
which form ions in water are highly soluble in water. The 
solubility of a gas generally decreases with rise in temperature 
and increases with increase in pressure. 

Mass of gas dissolved per unit volume of a solvent is directly 
~ proportional to the pressure of the gas at a given temperature. 
This is Henry’s law. 

, - m=KP — 
where, mis the mass of gas dissolved per unit volume of solvent, 
P is pressure of the gas in equilibrium with the solution and K is 
proportionality constant. ; 


(at constant temperature) 


4, Solutions of liquids in liquids: Miscible liquids form 
three types of solutions which may be ideal or non-ideal solutions. 

Ideal solution is that in which the attractive forces among the 
solute and solvent molecules are of the same order as that of 
solute intramolecular and solvent intramolecular forces. The AH 
mixing and AV mixing in such solutions is zero. Ideal solutions 
obey Raoult’s law. 

The solutions in which solute-solvent interactions are 
different from solute-solute and solvent-solvent interactions are 
called non-ideal solutions. The non-ideal solutions do not obey 


Raoult’s law for all concentrations. 


AH nix * Oand AV # Oin these solutions. There are two types 
of deviations from the ideal behaviour. 

() If AV, >0 and AH,;, >0 then non-ideal solutions 
show positive deviations. Such solutions form a constant boiling 
mixture of definite composition (azeotropic mixture) having 
boiling point less than either of both the liquids. In these 
solutions solvent-solvent and solute-solute interactions are 
stronger than solvent-solute interactions. Examples. are: 


' H,0+CH,0H;H,0+C,H,OH; C,H, +CH,OH; . 


CH +CCl,; (CH;),CO+ CgH,; (CH3),CO+ C,H; OH. 
(ii) If AVyj, <0 and AH, <0, then non-ideal solutions 

show negative deviations. In these solutions, solvent-solvent and 

solute-solute interactions are weaker than solvent-solute 


. interactions. Such solutions also form azeotropic mixture having 
- boiling point higher than either of the two solvents. Examples 


are: 
H,O+HCl  H,O+ HNO; 


CHC1, +(CH,), CO; 
ae + CeH,, etc. . 
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§. Methods of expressing the concentration of a solution: Some of the methods are given in the table. 


% WW) 7 Risse of. mute an 


Mass of solution 


1. ‘Mass percentage 


2. -Gram per litre 


"g/L Mass of solute in grams 
Volume of solution in litres = 
3. Parts per million ppm Mass of solute 106 
Mass of solution 

4, Molarity MM Number of moles of solute 

Number of litres of solution 
5, Molality 7 ‘ Number of moles of solute 

Numiber of kilograms of the solvent 
6. Normality oN Number of gram equivalents of solute 
> ; Number of litres of solution 

4. Mole fraction Xx Ly 

ng + Ny 
8. Formality F _ Number of formula mass . 


Number of litres of solution 


Number of parts by m mass ss of solute per hun- No effect 

dred parts of the solution. 

Amount of the solute in grams present in Changes with change 
one litre of solution. of temperature. 
Number of parts by mass of solute per 10° No effect 


parts of solution. 


Number of moles of solute per litre of solu-. Changes with change 


tion. of temperature. 
Number of moles of solute present in 1 kg No effect 

of the solvent. 

Number of gram equivalents of the solute Changes with change 
present in one litre of the solution. — of temperature. 

Ratio of number of moles of one component No effect 


. to the total number of moles of solution. 


Number of formula mass in grams present 
per litre of solution. 


Changes with change 
of temperature. 


6. Raouit’s law: The partial pressure of any volatile 
constituent of a solution at a constant temperature is equal to the 
vapour pressure of pure constituent multiplied by: mole fraction 
of that constituent in the solution. 

p4 =mole fraction of A x p9, 2 XR 

In the case of binary solution of two volatile liquids, the total 
vapour pressure of such solution can be piven as: . 

Total vapour pressure of solution = py 4x X4t pe B x X, R 


= Pat Pp 
Mole fraction of component A in vapour phase, 
0 ak 3 
x 
Le, Yy = Pa Pata PA 4 - 
PP p4aX4 + Pz Xp 
: en) 
fod eee 4 
similarly, Ypz = Pats 


py X4 + Dp Xp ‘3 

1. €olligative properties: The properties of dilute 
solutions containing non-volatile solutes, which depend upon the 
number of solute particles in solution are called colligative 
_properties. These properties do not depend upon the nature of 
solutes and solvents. The four colligative properties are: 

(i) Relative lowering in vapour pressure 

(ii), Elevation in the boiling point’ 

(iii). Depression in the freezing point 

(iv) Osmotic pressure. 

All these properties are dependent on the concentration of 
solutes in solution. ; 

§. Relative lowering in ‘vapour pressure: When a 
non-volatile solute is dissolved’ in a solvent, its vapour 
pressure decreases. ( Do — Ps ) is known as ie in vapour 


pressure. Panes a :) is called relative lowering in “vapour 
Po 


pressure. 


The relative lowering in vapour pressure of. a solution. 
containing non-volatile solute is equal to the mole fraction of the 


solute present in the solution. This is Raoult’s law. 
Mathematically, 
Po Ps n 
aot =X See 
Po solute n+N 


Let w g of the solute (mol: mass = m) be dissolved in W g of 


- solvent (molecular mass = M). 


Po7Ps____wim 
Po . wim+W/iM 


If the solution is very dilute w/m in 1 denominator can be 
neglected. ; 


Po7 Ps __ wim _wM ee Ap _W,4 Mz 

Po WIM mW Po My Wp 
9. Elevation of beiliag point: The boiling point of a 
solution containing non-volatile solute is always higher than the - 


boiling point of a pure solvent. The increase in boiling point is - 
termed elevation and represented-as AT,,. 


AT, « Molality of the solution . 
or AT, =mxK, . (Kj; isa molal elevation constant) 


1000x K, x w 1000x K, x wy 


ro. a 
Wxm Wa X My 


or AT, = 


where, w = mass of solute; m= molecular mass of solute; 
‘W = mass of solvent 
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RTZ 
K,, is equal to —° 
ai 10002 


- where,, fg = boiling point of solvent in absolute scale; 
_ L= latent heat of vaporization 
The units of K,, areK kg mol". 
10. Depression in freezing point: The freezing point of a 
solution containing non-volatile solute is always less than the 


freezing point of a pure solvent. The decrease in freezing point is 


termed depression and represented as AT’, . 
AT, « molality of the solution . 
or AT f =mx K f 


, 1000x K,;xw 
or. PR gage ed a 
. xm ; 


1000x Ky xwy 
= 


Wz XM, 
where, w = mass of solute; = molecular mass of solute; 
W = mass of solvent 


K, cy is equal to ates 


where, Ty = freezing point of solvent in absolute scale; 
L = latent heat of fusion. 
The units of K, are K kg mol. 


11. Osmosis and osmotic pressure: When. a solution is 
separated from the pure solvent with the help of a semipermeable 
membrane, the solvent molecules from the pure solvent move 
towards the solution: The movement of solvent molecules from 
low | concentration to higher concentration through 
semipermeable membrane is termed as osmosis. 

As a result of osmosis, a pressure is developed which is 
termed as osmotic pressure, ie, the hydrostatic pressure 
which develops on account of osmosis is called osmotic pressure. 
It is equal to A-d-g. It is also found that if an equal and opposite 
force is applied on the solution, the osmosis stops. Thus, the 


excess pressure that must be applied on the solution as to prevent. _ 


osmosis is also the measure of osmotic pressure. 

’ Osmotic pressure of a dilute solution is given by van’t Hoff 
equation, P=CRT, where C= concentration, R= solution 
constant and 7 = absolute temperature. 

n w 


VoomxvV . 


w= mass of solute in grams 
F = volume of solution in litres 
m= molecular mass of solute ~ 


Le, a oe -RT 
. V 


where, 


_ Best method for the determination of osmotic pressure is 
Berkeley and Hartley’s method. 

The term hypertonic and hypotonic are applied to compare the 
osmotic pressures of two solutions. The solution having lower 


(K; is a molal depression constant) 


osmotic pressure is termed hypotonic and the solution having 


higher osmotic pressure is termed hypertonic solution. The two 
solutions having equal osmotic pressures are termed as isotonic. 
Condition for isotonic solutions is 

tg 

mV, mV, 

A 0.91% solution of pure NaCl is isotonic with human blood 
cells (RBC). An NaCl solution with concentration less than 
0.91% is called hypotonic and RBC will swell and burst in the 
solution. An NaCl solution with concentration greater than 
0.91% is called hypertonic and RBC will shrink in this solution, 
i.e., will undergo plasmolysis or crenation. 


12. van’t Hoff factor: When the solute undergoes 
dissociation or association in solution, the number of particles 
in solution increases or decreases and thus, the colligative 
property changes accordingly. In 1886, van’t Hoff introduced a 
factor ‘i? known as van’t Hoff factor to express the extent of 
dissociation or association of 3 solute in solution. 


van’ t Hoff factor,i - 
Observed colligative. property ; 
~ Theoretical or normal colligative property 


7 No. of particles after dissociation or association 
No. of particles when there is no dissociation or association 


_ Normal molecular mass of the solute 
Observed molecular mass of the solute . 


From the value of ‘i’ it is possible to determine the degree of 
dissociation or association. 


In case of dissociation ‘i’ is greater than 1. 
od +(n-Da 
7] 
where, n is the number. of particles per molecule and a is the 


- degree of dissociation. _ 


or ; g=—~— | 


Similarly, in case of association, ‘i’ is less than 1. 


u4(4-1} a 
n 
1 


where, n is the number of molecules which are associated to form 
one giant molecule and & is the degree of association. 


_t-1 


or a= 


Molecular masses of electrolytes observed by the methods 
based on colligative properties are always less than normal 
molecular masses. 
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13. Calculation of osmotic pressure’ ‘from: lowering. of. 


vapour pressure:. 
P, 6 = P = TM, 
Py RaT 
where, P, = vapour pressure of pure solvent 


. P = vapour pressure of solution 
1 = osmotic pressure , 
my = = molecular mass of solvent _ 
d'= density of solution in gmL~! 
R = gas constant in atm mL / deg/ mol, i.¢., 82.1 . 
‘14, Variation of vapour pressure with temperature 
(Clausius-Clapeyron equation): 


log Py - AH Ciees 
OUP, (2.303R[T, 7; 


where, P, = vapour pressure at 7, 
P, = vapour pressure at T, 
AH = latent heat of vaporization per mole 


15. Variation of vapour pressure of a liquid with external 
pressure: 


{ Po 
lo - Py - 
en(22}= Tar ¢ 2-7) 


where, p, = vapour pressure at external pressure P, 
Pr = vapour pressure at external pressure P, 
V, = molar volume of liquid. 


16. Molecular masses of polymers are best determined by 
osmotic pressure method because other colligative properties 
give so low value that they cannot be measured accurately. 


VA To. avoid the: freezing of water in a car radiator, in the 


7 ges ‘weather, ethylene glycol i is added to lower the freezing 
" point of water. 


18. Freezing point is same as snelting point. Hence, instead of 
depression in freezing point, depression in melting point can be 
determined. For this purpose camphor is used as solvent because 
it has high molal depression constant, i.e.,40K m as 


19. Relationship between different colligative properties: 
(i) Osmotic pressure 7 and boiling point elevation A7;,: 


dRT- 


5 


1 =AT, x 


i) Osmotic pressure 1 and freezing point depression Bry 
dRT 


j 
(iii) Elevation in boiling point and relative pS of 
vapour pressure: : 


ae 


1000K, | AP . 
x—; m, = molar mass of eave 
my, Po ; 


AT, = 


(iv) Depression in freezing point and relative lowering of 
aEoe pressure: . a 


m4 0 


20. Hygroscopic and deliquescent substances both absorb 
moisture from the air. The former do not change their state, ¢.g., 
glycerol, whereas the latter dissolve into it, e.g., NaQH.. They 
absorb moisture because the vapour pressure of their saturated 
solution is less than that of water vapours present in surroundings 
at that temperature. 

The substances like Na ,CO, -10H,O which lose their water of” 
crystallisation are called efflorescent. 
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1, Match the following: 
‘Set-I . 
- (A) 10 vol H,O, | 
(B) 20 vol H,0, - 
-(C) 30 vol H,0, 
(D)100 vol H,0, 
The correct match is : 
(a) A-4,B-3,C-2, 


D- 
(b) A~1, B= 2,C-3,D- 
(AL B-3.02 2 D— 


ee 


_ (dd) A-4,B-2,C-3,D-1 


 Set-II 
1. Perhydrol 
2. 5.358 


"3.1.785N ° 


4.3.03 % 


[CPMT (UP) 2008] 


2. Matrix Matching Problems (For IIT aspirants): 
[A] Match the solutes in Column- I with the van’t Hoff factors 


in Column-II: 
Column-I 


(a) K,[Fe(CN),] 
(b) Al, ($4); 


ES. wo Ul | 
(c) NH, —C—NH, 
(d) CaCl, 
’ @ = Degree of ionization. 


Column-II 


(p):1+0 


_(q) Greater than | 


(r) (1+ 40) 
(s) 1 - 


[B] Match the solutions i in Column-I with their nature in 


Column-II: 
Column-I 
(a) Benzene + toluene 
(b) Ethanol + water 
(c) Benzene + chloroform 


(d) Carbon tetrachloride 
+ chloroform 


Column-II 
(p) Non-ideal solution 
(q) Ideal solution 
(r) AH mix > 0 
(s) AH =0 


mixing 


[C] Match the solutions in Column-I with their nature in 


Column-Il: 
Column-I 
(a) n-hexane + n heptane 


(b) Acetone + chloroform 
(c) Acetone + aniline 


(d) Ethanol + water 


Column-II 
(p) Can be perfectly 
- separated by distillation 
(q) Maximum boiling 
azeotrope 


_(t) Cannot be perfectly 


separated by distillation 
(s) Nearly ideal 


" (a) S,:0.1M glucose, 


[D] Match the solutions in Column-I with their osmotic: 
properties in Column-II: 
~ Column-I Column-II 
(p) 5, and S, are isotonic 
S5:0.1.M urea a ke 
(b) S;: 0.14 NaCl, . 
Sz: 0:1M Na,SO, 
(c)'S,:0.1M NaCl, 
*  §,:0.1M KCI 
(d) S,:0.1M CuSO, 
S:0.1.M sucrose 
[Nete: Assume that the electrolytes are completely ionised.] 
[E] Match the solutions in Column-I with their colligative 
properties in Column-II: : 


(q) No migration of solvent 
_ across the membrane 
(r) S, is hypertonic to S, 


(8) S; is hypotonic to S._ 


Column-I Column-Il 
(a) 0.1 M Ca;(PO,), (p) Solution with highest 
boiling point 


(b) 0.1 M@ NaCl (q) Solution with van’t Hoff 
factor greater than 1 
(r) Solution with lowest 
osmotic pressure 
_ (s) Solution with lowest 
freezing point 


(c) 0.1 M glucose 


(d) 0.1 M CaCl, 


{Note: Assume that the electrolytes ate completely ionised.] 


[F] Match. the concentration terms of List-I with their 

informations in List-II: 
List-I P List-IT 

(a) Molarity (p) Number of gram formula mass 
of solute dissolved per litre of 
solution 

(q) Number of moles of solute 
dissolved per kg of solvent 

(r) Depends on temperature 


(d) Strength of solution -(s) Number of moles of solute 
dissolved per litre of solution 


(b) Molality 


(c) Fermality 


J. (a) A-4, B-3, C-2, D-1. 


2. [A] (a—q, 1); (b—4, 1); (c—s); (d—p, g) 


[B] (a—4, s); (>—p, 1); (C—p); (d—s) 


[C] @—p, 8); (6—, 1); (C—q, 1); (44) 


[D] (a—p, q); (bs); (c-—p, gq); (4-1) 


[E] (@—», 4, s); (bg); (c—-1); (dq) 
[F] (a—t, s); (b—q); (c—p, 1); (d—1) 


(Ans. 
. 7.45 g of potassium chloride is dissolved in 100 g of water. 


10. 


11. 


12 


13. 


. 15 g of methyl alcohol is present in 100 mL of solution. If the 
density of solution is 0.96 g mI7', calculate the mass 
percentage of methyl alcohol i in solution. 


[Aus. 15.625%] 
A solution is prepared by dissolving 15 g of cane sugar in 60 g 
water. Compute the mass per cent of each component of solution. 


[Ans. Mass percentage of sugar 20%, Mass percentage of water 
80%] 


. The density of the solution ofa salt X is 1.15 gmL7'.20 mL of 


the solution when completely evaporated gave a residue of 
4.6 g of the salt. Calculate the mass percentage of the solute in 
solution. 


[Ans. 20%] 


. (a) 5.85 g of NaCl is dissolved in 200 mL of water. What will 


be the molarity of this solution? 

[Ans. 0.5 M] 

(b) Calculate the molarity of the solution obtained by 
dissolving 20.6 g NaBr in 500 mL of water. 

[Ans. 0.4 M] 


The density of a solution containing 40% by mass of HCl is 


1.2 g/mL. Calculate the molarity of the solution. 
[Ans. 13.154] 


. Concentrated sulphuric acid has deiay of 1.9 g/mL and 99% 


H,SO, by mass. Calculate the molarity of the acid. 
[Ams, 19.19 M] 


. A mixture of alcohol and water contains 54% water by mass. 


Calculate the mole fraction of alcohol in this solution. 

[Ans 0.25] 
What amount of oxalic acid is required to prepare 250 mL 
0.1 N sobution (Given: molecular mass of oxalic acid = 126)? 
1.575 g] 


What will be the molality of the solution? 
[Ans. 1 7] 
A solution is prepared by mixing 50 g sugar in 100 g of water 
at 25° C. Calculate the following: 
(i) Mass per cent of water. 
Gi) Mole fraction of sugar. 
Gii) Molality of the solution. 
[Ams. (i) 66.6 (ii) 0.0256 Git) 1.46 m] 
A solution contains 25% water, 50% ethanoic acid and 25% 
ethanol by mass. Compute the mole fraction of each 
component: : 
{Ams. Mole fraction of water = 0.5022; 
Mole fraction of ethanoic acid = 0.3013; 
Mole fraction of ethanol = 0.1965] 


. Find the amount of 98% pure Naz0Oy a to prepare 


5 litres of 2 N solution. 
[ Ans. 540.8 g impure Na,CO,] 


Calculate the final molarity when 2.0 litre of 3.0 M sugar 


_ Solution and 3.0 litre of 2.5 M sugar solution are mixed and 
_ then diluted to 10 litres with water. 


14, 


‘1. 


[Hint; After mixing number of nae tai sugar present 
=2x%34+3x2.5=13.5; ; Final molarity => = 1 35M | 


If20. 0 mL of 1.0 M calcium chloride and 60 mL of 0. 2MCaCl, 


are mixed, what will be the molarity of the final solution? 
[ Ans. 0.40 M] 
Calculate the molarity of each of the ions in a solution when 


* 3.0 litre of 4.0 M NaCl and 4.0 litre of 2.0 M CoCl, are mixed 


16, 


17. 


18. 


19. 


28 


21. 


and diluted to 10 litre. 


[ Ams. Molarity Na* = 1.2 M; Molarity Co” = 0.8 M; Molarity 
Cl =2.8M] , 


[ Hint: NaCl = Na* + Cl 
i mole I mole 1 mole 
3x4mole I2mole l2mole . 
CoCl, =Co?* + 2Cr - 
1 mole - i mole’ 2 mole 
2x4 mole 8 mole 16 mole 


’ Total CI” ions = 28 mole] 
What volume of 96% H,SO, solution (density 1.83 g/mL) is 
required to prepare 4 litre of 3.0 M H,SO, solution? 
[Ans. 670 mL] 
[Hint: First determine the molaHey of 96% HLSO, and then 
dilute to get the desired solution.] 
Calculate the molarity of each ion in solution after 2.0 litre of 
3.0 M AgNO, is mixed with 3.0 litre of 1.0 Mf BaCl,.- 
[ Aus. Molarity of Ba” = 0.6 M; Molarity of NO} =1.2M ] 


{ Hint: BaCl, + 2AgNO, = 2AgCl1. + Ba(NO3), _ 
Initial 3 mole 6mole «6 _ mole Ag* will react 
2: * 
Ba® Ag _ with 6 mole CI to form 
6mole CI” ~ 6 mole AgCl(s) 
NO3, 

After 3 mole 6mole - 
reaction Ba** ‘NO; 


Total volume 3.0 + 2. 0= 5 litre. ] 


The density of a 10. 0% by mass of KC] solution in water is 
1.06 g/mL. Calculate molarity, molality and mole fraction of 
KCI in this solution. 


Ans, » Molarity = 1.42 M; Molality = 1.489 m; mole fraction of - 
KCI= 0.026] 
Calculate the molality and mole fraction of the solute in an 


aqueous solution containing 6 g of urea per 500 g of water 
(Mol. mass of urea= 60), - 


[ Ans. Molality =0.2 M; Mole fraction = 0.00359] 

Calculate the molality of 1 litre solution of 93% H, S80, 

(mass/volume). The fe denaty of the solution is 1.84 g/mL. 
(MENR 1993) 

[Ams. 10.428 m] 

Molarity of H,SO, is 0.8 and its density is 1.06 gem’, What 

will be its concentration in terms of. molality and mole: 

fraction. {CBSE (Mains) 2.005} 

[ Ams. m = 0.814; xy,50, = 0.014 ] 
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22. 


23. 


24, 


25. 


(26. 


27. 


28. 
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A 6.90 M solution of KOH in water contains 30% by mass of - 


KOH. Calculate the density of the solution. 

[Ans. 1.288 g mL] 

How many kilograms of wet NaOH containing 10% water are 
required to prepare 60 litre of a 0.5 4 solution? | 

[Ans. 1.33 kg] 

In an experiment, 18.0 g of mannitol was dissolved in 100 g of 
water, The vapour pressure of solution at 20° C was 17.226 mm 
of mercury. Calculate the molecular mass of mannitol. The 
vapour pressure of water at 20° Cis 17.535 mm of mercury. » 
[Ans. Molecular mass of mannitol = 181.02] 


The vapour pressure of water at 20° Cis 17.53 mm. Calculate — 


the vapour pressure of a solution at 20°C containing 6 g of 
urea in 100 g of water (molecular mass of urea = 60). 

[Ans. Vapour pressure of solution = 17.22 mm] 

The vapour pressure of ether (molecular mass = 74)is 442 mm 
Hg at 293 K. If 3 g of a compound A are dissolved in 50 g of 
ether at this temperature, the vapour pressure falls to 426 mm 
Hg. Calculate the molecular mass of A mene that the 


- solution of A is very dilute. 


[Ans. = 123] 
18.2 g of urea is dissolved i in 100 g of water at 50°C. The 


lowering of vapour pressure produced is 5 mm Hg. Calculate 
the molecular mass of urea. The vapour pressure of water at 
50° Cis 92 mm Hg. 

[Ans. 57.05] 


Po- Pe 0 


[Hint: Dee = , as the solution is not very dilute] 
Po n+N 


Calculate the vapour pressure of a solution at 100°C 


" containing 3 g of cane sugar in 33 g of water. 


29. 


30. 


31. 


32. 


. [Ans. 


[Ans. 
[Hint: 


756.36 mm of Hg] 


Apply = baad aad as ihe solution is very dilute. 
Po Wm 


Po = 760mm of Hg at 100° Cand m = 342], 
An aqueous solution containing 28% by mass of a liquid A 
(molecular mass = 140) has a vapour pressure of 160 mm at 


37° C. Find the vapour pressure of pure liquid 4 (the vapour 


pressure of water at 37°C is 150 mm). 

[Ans. p, = 358.3 mm] 

{Hint: Apply Py. = mole fraction of liquid A x p, + mole 
fraction of water x p,. Mass of water =100-28=72g] 
At 25°C, the vapour pressure of pure benzene is 100 torr, 
while that of pure ethyl alcohol is 44 torr. Assuming ideal 
behaviour, calculate the vapour pressure at 25° C of a solution 
which contains 10 g of each substance. 

[Ans. 64.775 torr] 

Estimate the lowering of the vapour pressure due to solute in a 
1.0 molal aqueous solution at 100° C. 

14mm of Hg or-14 torr] 

Find the molality of a solution containing a non-volatile solute 
if the vapour pressure is 2% below the vapour pressure of pure 
water. (Dhanbad 1990) 


[Ans. 1.133 m] 


33. 


34, 


35. 


36. 


37. 


Calculate the mass of a non-volatile solute of molecular mass 
40, which should be dissolved in po g of octane to reduce the 
vapour pressure to 80%. 

[Ans. 10g] 

10 g of a certain non-volatile solute was s dieolved : in 100 g of 
water at 20°C. The vapour pressure was lowered from 17.3555 
to 17.235 mm. Calculate-the molecular mass of the solute. 
[Ans, 257.45] 

0.534 g of solute is dissolved in 15 g of water then freezing 
point temperature changes from 0°C to -1.57°C. Molal 
depression constant of water, K , = 1.85 Kkg mol”, Find out: 


(i) Molal concentration 

(ii) Molecular mass of solute 
[Ans. (i) 0.848 (ii) 41.98 amu] 
Addition of 0.643 g of a compound to 50 mL of benzene 
(density 0.879 g/mL) lowers the freezing point from 5.51° Cto 
5.03°C. If K, for benzene is 5.12, calculate the molecular 
mass of the componnd. (HIT 1992) 
[Ans. 156] ; 

A solution made by dissolving 0.32 g of a new compound in 
25 g of water has freezing point — 0.201°C. aa the 


[AIPMT (Mains) 2009] 


~ molecular mass of the new compound. 


38. 


39, 


Given: 


40. 


41. 


42. 


43. 


£ 


"45. 


[Ans. 118.4] 

The boiling point of a solution of 0.1050 g of a substance in 
15.84 g of ether was found to be 0.1°C higher than that of pure 
ether. What is the molecular mass of the substance (Molecular 
elevation constant of ether per 100 g is 21.6)? (MLNR 1991) 
[Ans. 143.18] 

Calculate the ‘freezing point and the boiling point at 
latmosphere of a solution containing 30g cane sugar 
(molecular mass 342) and 150 g water. 

{Ans. " Boiling point = 100.3; Freezing point =— 1.09°C] 

When 36.0 g of a solute having the empitical formula CH,O is 
dissolved in 1.20 kg of water, the solution freezes at — 0.93°C. 
What is the molecular formula of the compound? 

[Ans. CH, 402 J 

Tn winter, the normal temperature in Kullu valley was found to 
be ~ 11°C. Is a 28% (by mass) aqueous solution of ethylene 
glycol suitable for a car radiator? 

K, for water = 1.86 K kg mol |. 


{Ans. Yes. The given solution freezes at — 11.66° C] 

Latent heat of fusion of water is 80. cal/g and its normal 
freezing point is 0° C. Calculate molal depression constant for 
water. (R = 1.987 cal) 

[Ans. 1.86 K kg mol] 

A solution containing 7.5 g of urea (molecular mass = 60) in 
1 kg of water freezes at the same temperature as another 
solution containing 15 g of solute ‘A’ in the same amount of 
water. Calculate molar mass of‘ A’. 

[Ans. 120] 

Caiculate the osmotic pressure of a decinormal solution of 
NaCl which is ionised to 80% at 27°C. 

[Ans. 4.43 atm] 

What is the volume of a solution containing 2 g mole of sugar 
that will give rise to an osmotic pressure of.1 nae pREES at 
STP? 


[Ans. 44.8 litre] 


46. 


47, 


SOLUTIONS 


If the osmotic pressure of 5 g per litre solution of a. compound 
at 27°C is 0.025 ace calculate the molecular mass of the 
compound. 

[Ans, 4926] 

The osmotic pressure of blood is 7.65 Gasorohers at 37°C 


~ How much glucose should be used per litre for an intravenous 


48. 


injection that is to have same osmotic pressure as blood? 
[Ans. 54.18 g of glucose per litre] 

10 g of cane sugar (molecular mass = 342) in 1x 10° m? of 
solution produces an osmotic pressure of 6.68 x 10° Nm at 
273 K. Calculate the value of S in SI units. 


[Hint: ape 

» nxT 
Given: V =1x107 m? '- P= 6.68 x 10° Nm; 
pnw 

342’ 

3 
5 = 6:58 108 x1 x10 342 aigg 1K mol} 
10 x 273 
49, A 250 mL water solution containing 48 g of sucrose 


50. 


51 


. 


52. 


53. 


(molecular mass = 342) at 300 K is separated from pure water 
by means of a semipermeable membrane. What pressure must 
be applied on solution as to prevent osmosis? 

[Ans. 13.8 atm] 

What would be the osmotic pressure of 0.05 M solution of 
sucrose at 5°C? Find out the concentration of a solution of 
glucose which would be isotonic with this solution of sucrose. 
(Molecular mass of sucrose = 342, Molecular mass of 
glucose = 180) 

[Ans. 1.14 atm; Concentration of glucose soln. = 9.0 g/L] 
Calculate the osmotic pressure of 0.5% solution of glucose 
(molecular mass 180) at 18°C. The value of solution constant 
is 0.0821-litre-atm K~' mol". 

[Ans. 0.6628 atm] 

At 10°C, the osmotic pressure of urea solution is 500 mm. The 
solution is diluted and the temperature is raised to 25° C, when 
the osmotic pressure is found to be 105.3 mm. Determine 
extent of dilution. 


(iviné: Original solution. 2° y= “xSx283 ...(i) 
; ne 760 m 
After dilution mee x P yy ae 2xS%298 i) 
V>_ 105.3 298 
or + x —— = 
V; 500 283 
¥,_ 298 500 
or ely each v hte 
V, 283° 105.3 


i.e, the solution is diluted to the extent that V, is five times the 
original volume (V,).] ‘ ; 
Two solutions containing respectively 0.75 g of urea 
(molecular mass 60) and 1.5 g compound X in 100 g of water 
boil at the same temperature. Calculate the molecular mass of 
Xx. * * 
[Ans. 120] 

A5% solution of glucose is isotonic with 1.1% solution of KCl 
at 30°C. Calculate the degree of ionisation of KCI. 
[Ans. 0.88 or 88%] 


55. 


56. 


57. 
’ (boiling point 46.3°C) boils at 47.98°C. The molal elevation 


58. 


59. 


60. 
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What should be the osmotic pressure of a solution of urea in 
water at 30°C which has boiling point 0.052 K higher than 
pure water? Assume molarity and antality, to be the same. K, 
for water is 0.52 K kg mol™!. 

{Ans. 2.487 atm] 

4.0 g of a substance A dissolved in 100 g H,O depressed the 
freezing point of water by 0.1°C while 4.0 g of another 
substance B depressed the freezing point by 0.2°C. Which 
one has higher molecular mass and what is the relation? 
[Ans M,=2M,] 

A solution containing 28 g of phosphorus in 315.g of CS, | 


constant for CS, is 2.34 K kg mol”. Calculate the molecular 
mass of phosphorus and deduce its formula in CS). 

[Ans. 123.8, P,] 

A solution of two volatile liquids A and B obeys Raoult’s law. 
At a certain temperature it is found that when the pressure 
abave the mixture in equilibrium is 402.5 mm of Hg, the mole 
fraction of A in the vapour is 0.35 and in the liquid it is 0.65. 
What are the vapour pressures of two liquids at this 
temperature? ~ 
[Hint: Let p, and pz be the partial pressures of vapours and Pp 
and p? be the vapour pressures of two liquids respectively. 


D4 = 0.65 py and Pa = 0.35p9 
Pat Pg = 402.5 (given) 
In vapour phase, 
—PA__=035 or p,=0.35 x 402.5 = 140.875 mm - 
Pat Pp 
So, py =216.72mm and p} = 747.5 mm] 


Calculate the amount of ice that will separate out on cooling a 
solution containing 50 g of ethylene glycol i in 200 g water to 


-— 9.3°C(K, for water = 1.86K kg mol” '), ait 1995) 
[Hint: AT =KyXm 
, 9.3 =1.86% m 
or m=5 


Thus, solution of 5.0 molality will have freezing point of - 9.3°C. 
Let W g water be needed to prepare 5.0 molal solution containing 


3 mole of ethylene glycol. 
50 x 1000 


So. eso 
62x W 
or i ON 5613 
— 62x5 


Hence, ice separating out = (200 — 161.3) = 38.7 g]. 
At 293.2 K, the density of a 60% aqueous solution of methanol 


is 0.8946 g/mL. Calculate volume of. mole of the solution. 


[Ans. 
[Hint: 


28.46 mL/mol] 
Let volume of solution be 100 mL 
W = 100 x 0.8946 = 89.46 g 
60 
=—— = 1.875 
cH50H 32 
29.46 
= ——— = 1 636 
7,0 = 18 
Total moles = 1.875 + 1.636 = 3.511 
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 [Ans. 3 kg ice] 


G.BB.- PHYSICAL CHEMISTRY FOR COMPETITIO 


oN 


Volume per mole = 100 = 28.48 mL/mol] 
: CH,OH 
1.2 kg ethylene glycol] | was added in a car radiator 


containing 9 litre water. The freezing of water was just 
prevented when car was running in the Himalayan valley at 
temperature — 4°C. Sudden thunderstorm in the valley 
lowered the temperature to — 6°C. Calculate the amount of ice 
separated. : 


w, x 1000 


[ Hint: AT =K,x A— Solute; B — Solvent 
M4 X Wz 
6 = 1.86 x 1200 x 1000 
W, = 6000 g 


TWweight of ice = Total weight of H,O — wt. of H,O at —6°C 
= 9000 — 6000 = 3000.g = 3 kg] 


. 2g mixture of glucose and sucrose is dissolved in 1 litre water 


. at 298 K to develop osmotic pressure of 0.207 atm. Calculate 


63. 


65. 


percentage composition of glucose and sucrose by mole as 
well as by mass. 

Percentage by mole: glucose = 65.194, sucrose = 34.806; 
Percentage by mass: glucose=50, — sucrose = 50.] 

If benzoic acid (mol. mass = 122) is associated into double 
molecules when dissolved in benzene and the osmotic 
pressure of a solution of 5 g of benzoic acid in 100 mL 
benzene is 5.73 atm at 10°C, what is the percentage association 
of benzoic acid? 

[ Ans. 80%] 


[ Hint: m=iCRT =i RT 
5.73 =ix M2 x 0.0821 x 283 
{= 0.6017 
etst A060 y 
d-im 1-12 


% association = 80%}, 


|. 0.1 formal solution of NaCl is found to be isotonic with 1.10% 


solution of urea. Calculate the ‘apparent degree of ionization of 


NaCl. 
[Ans. 0.83] 
[ Hint: Tract = Turea 
SARE 
ec 
ixOixeT =—tl_xer (n == RT) 
60 x 0.1 V 
i= 1.83 . 
tee cad ayer 
fol 2] 


The vapour pressure of water at 100°C is 760 min. What will 


be the vapour pressure at 95°C ? The latent heat of water at 
this temperature range is 548 cal/g. 


Ane. 634.3 mm] 
{ Hint: -Use Clausius-Clapeyron equation. 


lo Pr). AH ea 
S01) 2303aR (Tf, 


. Calculate the increase in vapour pressure of water per 


atmosphere rise in external pressure at 10°C. The vapour 
pressure of water at 10°C and | atm is “ue to 9.2 mm. 
[Ans. 0.1%] 

N 


B, he | 
int: Use| dlaeerey Te es 
[ Hint: toe (2 5 303RT @ ) : 


V, = molar volume of liquid] 


, An aqueous solution of H,SO, has density 1.84 g/mL. 


Solution contains 98% H,SO, by mass. Calculate: 
’ (i) molarity of solution 
(ii). overall molarity of solution 
(iii), molar volume 
(iv) specific volume 
_ (¥) relative decrease in vapour pressure with respect to 
.water, assuming H,SO, as non-electrolyte at this high 


concentration. 
[Hint @)  M= xxdx10 
Mz 
_ 98x 1.84 x 10 


= 18.4 
98 


(ii) Weight of solution (1 litre) = 1000 x 1.84 = 1840 g 
wy (weight of H,SO,) = fa x 1840 = 1803.2 g 


w, (weight of water) = 1840 — 1803.2= 368g © 
Wa We _ 36.8 368 1803.2 
My, Mz ‘18 (98 
= 2.044 +.18.4 = 20.444 
Overall molarity = 20.444 
Volume — 1000 
Total moles ~ 20.444 


Total number of moles = 


(iii) Molar volume = 


; = 48.914 a 
{iv) Specific volume = d — =—— mL/g = 0.543 mL/ g 
density i 7 
i) iliay Gn) = wa x 1000 e 98 x 1000 = 500 
My X Wy 98 x 2 
_ *B%* 1000 
(l1-xg) m, 
500 = 2% 1000 
(1— xp) X18 
Xp =(0.9 


According to Raoult’s law: od =X, = 0.9] 
Po 


; You are given two samples of HCI with molarity 0.341 and 


0.143; volume of each sample being | litre. What will be the 
maximum volume of 0.243 M HCl that can be obtained by 
mixing the given samples in the following two conditions? 

(i) When water is added for dilution. 

(ii) When no water is added. 

[ Ans. (i) 2.0204 litre; (ii) 1.98 litre] 


69. 


70: 


2. 


3. 


SOLUTIONS 


(ifits (i) Letx litre of 0. 341 MHCland | litre of 0.143 MHCI 
be mixed to obtain 0.243 M HCL. 
MV, + MoV. =MpV, + V>) 


 0.341x x + 0.143 x 1= 0.243 (1+ x) 


(0.341 — 0.243)x = 0,243 - 0.143 
0.098x = 0.1 
x = 1.0204 litre 
Total volume = 1 + x = 2.0204 litre 
Since, volume is greater than 2 litre, hence water is to be added. 
(ii) Let x litre of 0.143 44 HCI and 1 litre of 0.341 Af HCI are 
mixed to obtain 0.243 M HCL. 
MV, + MV, = Mp(V, + Vo) 
0.143 xx + 0.341 x 1 = 0.243(1 + x) 
. 0.1 = 0.098 
x = 0.98 litre 
Total volume = 14+ x =1.98 litre 
Since, volume is less than two litres, no water is to be added.] 
What is the vapour pressure of a solution of glucose which has 
an osmotic pressure of 3 atmosphere at 20°C? The vapour 
pressure of water at 20°C is 17.39 mm. Consider the density 
of solution equal to that of solvent. 


[Aiis: 17.35 mm] 
soe, Ap Ton 
ititi Use: — = —— 


The osmotic pressure. of an aqueous solution of a 


non-electrolyte is 18.8 atm at 15°C. What will be the vapour - 


pressure of this solution at 100°C (Density of water at 
100°C = 1 g/cc)? 


[Aiis. 0.958 atm] 
[Hit: Use, = =2 to calculate osmotic pressure at 100°C. 
1 42 
ee 
278 373 
T= 25.224 atm 


Set-1; Questions with single correct answer 
A solution is defined as a: 


(a) homogeneous mixture of two or more substances 
(b) heterogeneous mixture of two or more substances 


(c) homogeneous mixture of liquid and solid components: 


only 

(d) homogeneous mixture consisting of water as one of the 
components 

Ideal solution is formed when its components: 

(a) have zero heat of mixing only 

(b) have zero volume change on mixing only 

(c) have zero heat of mixing and zero volume change 

(d) can be converted into gases 

Solutions which distil without Tene in- composition or 

temperature are ae 


Use, 2=P . ™ 
Po dRT 
le 25.224 x18 
1 (1x 10°) x 0.0821 x 373 
p= 9.958 atm] 


71. Caisuiate the osmotic pressure at 25°C of a aiuto 
containing 1 g of glucose and 1 g ‘of sucrose in | litre of 
solution. 

If it were not known that the solute was a mixture of glucose 
and sucrose, what would be the. molecular weight of solute 

corresponding to the calculated osmotic pressure? 

(Anis; 0.207 atm, 236.384] 


[Hiriti Use; nV =(n, + m)RT to calculate osmotic pressure 
exic( ins aa) x 0.0821 x 298 
180 342 
= 0.207 atm 
» Use; nV =— RT to calculate molar mass of solute. 


0.207 x 1= 2 X 0.0821 x 298 
Ff ‘ 


. m= 236.384] 
72; 100 mL aqueous solution of glucose with osmotic pressure 
1.2 atm at 25°C is mixed with.300 mL aqueous solution of 
urea at 2.4 atm at 25°C. Calculate the osmotic pressure of 


mixture, 
{Anis: 1.68 atm] 
(Hifiti Use: 1V, + 2V, =2,(V, + V2) 
NV, + TV 
Tp ao 
Vi+V, 


_ 1.2.x 100+ 2.4 x 300 


= 1.68 atm]: 
500 , 


(b) azeotropic mixture 
(d) ideal 


(a) amorphous 
(c) supersaturated 

4, Azeotropic mixtures are: 
(a) mixture of two solids ; 
(b) those which boil at different temperatures 
(c) those which can be fractionally distilled — 
(d) constant boiling mixtures a 

5. The solubility of a gas in a liquid is directly perce to the 
pressure of the gas. This statement is: 
(a) Raoult’s law (b) Henry’s law 
(c) van’t Hoff’s law (d) None of these 

6. Which of the following is not correct for an ideal solution? 
(a) Raoult’s law is obeyed for entire concentration range and 


temperatures 
(b) AH = 9 
(c) AV, =0 


(d) AS mix =. 
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The solubility of a gas in liquid increases with: 
(a) increase intemperature _ 

(b) reduction of gas pressure _ 

(c) decrease in temperature and increase of gas pressure 
(d) amount of liquid taken 
Saturated solution of NaCl on heating becomes: 

(a) supersaturated . (b) unsaturated 

(c) remains saturated (d) none of these 


A supersaturated solution is a metastable solution whose 


concentration: 

(a) is equal to the solubility of the aubstance t in solvent 
(b) is less than the solubility 

(c) exceeds the solubility 

(d) continuously changes 

When a crystal of a solute is introduced into a supersaturated 
solution of the solute: 

(a) the solute dissolves 

(b) the solution becomes unsaturated 

(c) the solution remains supersaturated 

(d) ‘the excess of solute crystallises out | 

An electrolyte dissolves in water if: . 

(a) lattice energy is less than hydration energy 

(b) ‘lattice energy is greater than hydration energy 


- (c) lattice energy is equal to hydration energy 


(d) dissolution is endothermic 

The solubility of a substance is defined as the amount of solute 

in grams: 

(a) present in 100 g of the solvent 

(b) present in 100 g of the solution - 

(c) present in 100 mL of the solution 

(d) present in 1 litre of the solution _ 

Which of the following will form an ideal solution? 

(a) C,H,OH and water (6) HNO, and water 

‘(c) CHCI; and CH;COCH, (d) CH, and C,H;CH, 

Which of the following shows positive deviation from 

Raoult’s law? . . 

(a) C,H, and C,H,CH, (b) C,H, and CCl, 

- (dy CHCI, and CH,COCH, 

Which of the me shows negative deviation from 

Raoult’s law? , 

(a) CHCI, and acetone (b) C,H, and C,H;OH 

(c) CgH;CH; andCsH, = (d) CH, and CCl, 

An azeotropic mixture of two liquids boils at a lower 

temperature than either of them when: 

(a) itis saturated _ 

(b) it does not deviate from Raoult’s law 

(c) it shows negative deviation from Raoult’s law 

(d) it shows positive deviation from Raoult’s law 

A maxima or minima obtained in the temperature composition 

curve of a mixture of two liquids indicates: 

(a) an azeotropic mixture 

(b) an eutectic formation © 

(c) that the liquids are immiscible with one another 

(d) that the liquids are partially miscible at the maximum or 
minimum 


27. The molarity of pute water is: . 


18. ‘Among the following, that does not form an ideal solution is: 
(a) CoH, and C,H;CH, = (b) C,H,Cl and C,H,OH 
* (c) CgH,Cl and Cg. Br (d) C,H,Br and C,H.I 
19. Which of the following solution pairs can be separated by 
fractional distillation? 
(a) Water-HNO, ~ (b) Water-HCi 
(c) Benzene-toluene (d) C,H;OH-water 
20. When two liquids A and B are mixed, their boiling points 
become greater than both of them. The mixture is: 
(a) ideal solution 
(b) non-ideal solution with negative detain from | Raoult’s law 
(c) non-ideal solution with positive deviation from Raoult’s law 
(d) normal solution 
21. The azeotropic mixture of water (b.pt. 100°C) and HCl 
(b.pt. 85° C) boils at 108.5 °C. When this mixture is distilled, 
it is possible to obtain: 
(a) pure HCI 
(b) pure water 
(c) pure water as well as HCl 
_ @) neither HCI nor HO in their pure states 
22. Pressure cooker reduces cooking time because:(CPMT 1990) 
(a) the heat is more evenly distributed inside the cooker 
(b) a large flame is used 
(c) boiling point of water is elevated 
(d) whole matter is converted into steam 
23. A molal solution is one that contains one mole of a solute in: 
(a) 1000 g ofthe solvent —(b) one litre of the solution 
(c) one litre of the solvent (d) 22.4 litre of the solution 
24. In which mode of expression, the concentration of the solution 
remains independent of temperature? 
(a) Normality (b) Molality (c) Molarity (d) eal 
25. 8 g NaOH is dissolved in one litre of solution. Its molarity is: 


(a) 08M ()04M (c)02M  (@) 01M 


26. If 18 g of glucose is present in 1000 g of solvent, the solution 
is said to be: 


‘(b) .0.1- molar (¢)-0.5'molat @ 0.1 mnolal” - 

~ [CMC (Vellore) 1991] 
(a) 100M (6) 55.6M_(c) SOM — (a) 18M 

28. For preparing 0:1: M solution of H,SO, in one litre, we need 
H,SO,: . 


(a) 98g (b) 49g  (c) 490g (d) 0.982 

_29. Mole fraction of C,H,(OH), in a solution of 36 g of water and 
46 g of glycerine is: _ (CPMT 1991) 
(a) 0.46 (b) 0.36 = (c). 0.20 =~ (d) 0.40 


30. H,O, solution used for hair bleaching is sold as a solution of 


approximately 5.0 g H,O, per 100 mL of the solution. The. 
molecular mass of HO, is 34. The molarity of this solution is 


approximately: 
(a) 015M (b) 15M (c)3.0M (4) 34M 
31. The number of moles of solute per kg of a solvent is called its: 
(a) molarity (b) normality 


' (c) mole fraction (d) molality 
32. 1000 g aqueous solution of CaCO, contains 10 g of calcium 
carbonate. Concentration of the solution is: 


33. 


34, 


35. 
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(b) 100 ppm 
(d) 10000 ppm 


(a) 10 ppm 
(c) 1000 ppm- 


A solution of CaCl, is 0.5 mol/litre; then the moles of chloride - 


jon in 500 mL will be: 


(a) 0.5 (b) 0.25 (10d) O75 


If 5.85 g-of NaCl are dissolved in 90 g of water, the mole — 


fraction of solute is: [CMC (Vellore) 1991] 
(a). 0.0196 (b) 0.01 (c) 0.1 (d) 0.2 

What is the normality of 1 44 H,PO, solution? (ATIMS 1991) 
(a) 0.5N (b) 10N°. 

(c) 2.0N (d) 3.0N 

The molarity ofa 0.2 N Na,CO, solution will be: 

(a) 0.05 M (b) 0.2M 

(c) 0.1M (dd). 0.4M 

How many grams of H,SO, are present in 0.25 g mole of 
H,SO,? _(CPMT 1990) 
(a) 2.45 (b) 24.5  — (c) 0.25 (d) 0.245 


Colligative properties of the solution depend upon: 

(a) nature of the solution (b) ‘nature of the solvent 

(c) number of solute particles (d) number of moles of solvent 
Which of the following is a colligative property? - 

(AFMC 2009) 
(a) Surface tension (b) Osmotic pressure 

(c) Optical rotation (d) Viscosity 

Which is not a colligative property? 

(a) Osmotic pressure 

(b) Lowering in vapour pressure 

(c) Depression in freezing point 

(d) Refractive index 

Colligative properties are applicable to: 

(a) ideal dilute solutions (b) concentrated solutions 

(c) non-ideal solutions (d) all of these 

The vapour pressure of a solution having solid as solute and 
liquid as solvent is: - [PET (MP) 2004] 
(a) directly proportional to mole fraction of the solvent 

(b) inversely proportional to mole fraction of the solvent 

(c) directly proportional to mole fraction of the solute 

(d) inversely proportional to mole fraction of the solute 

If py and p are the vapour pressures of a solvent and its: 
solution respectively and N, and N, are the mole fractions of 
the solvent and solute respectively, then correct relation i is: 

(a) p=p oN? (b) p= py N, 

(C) Po = PN. (d) p= po(N,/N2) 


- On mixing, heptane and octane form an ideal solution. At 


373 K, the vapour pressure of the two liquid components 
(heptane and octane) are 105-kPa and 45 kPa respectively 
vapour pressure of the.solution obtained by mixing 25 g of 
heptane and 35-g of octane will be : Gnolar mass of heptane 


= 100g mol™ and of octane = 114g mol”) (AIEEE 2010) 
(a) 96.2 kPa © . (b) 144.5kPa © 
(c) 72 kPa: (d) 36.1 kPa 


5 25 
Hint: Heptane A, ny = —— =0.25 
IF P = 00° 


45. 


46. 


47. 


48. 


49. 


31. 


(c) 300 


(a) 14 torr 


| se 


Octane B, nz rae 0.31 
eae OA 
ny 0.25 
x4 = = 
nating 0,.25+0.31 
Xg = 0.55 
_ 0 “0 
P= P4X4+ P3Xg 
= 105x 0.45+ 45x 055- 
= 72 kPa } 


The vapour pressure of water at room temperature is 30 mm of 
Hg. If the mole fraction of the water is 0.9, the vapour pressure 
of the solution will be: 
(a) 30 mm of Hg (b) 24 mm of Hg 
(c) 21 mm of Hg - (d) 27mmofHg —— 
A mixture of ethyl alcohol and propyl! alcohol has a vapour 
pressure of 290 mm at 300 K. The vapour pressure of propyl 
alcohol is 200 mm. If the mole fraction of ethyl alcohol is 0.6, . 
its vapour pressure (in mm) at me same temperature will be: 

(AIEEE ane 
(() 3500 

(d) 700 
When a non-volatile solute is dissolved in a solvent, the relative 
lowering in vapour pressure is equal to: 
[AFMC 2004; PMT (Himachal) 2006] 

(a) mole fraction of solvent 
(b) mole fraction of solute - 
(c) concentration of solute in g L™ 
(d) concentration of solute in g per 100 mL 
The vapour pressure of a dilute aqueous solution of glucose is 
750 mm of mercury : 373 K. The a fraction 7 solute is: 


ee 0) = Or as @ = aut 
p~- P, 
Po 


(a) 360 


= Mole fraction of solute 


"p= Vapour pressure of water at 373 K is 760 mm] 
The vapour pressure of a pure liquid ‘4’ is ‘70 torr at 27°C. It 
forms an ideal solution with another liquid B. The mole 
fraction of B is 0.2 and total pressure of the solution is 84 torr 
at 27°C, The vapour pressure of pure liquid B at 27°C is: 

., [CET (Karnataka) 2009} 

(b) 56 torr () 140 torr (d) 70 torr 
“py = (L— 0.2) x 70 = 0.8 x 70 = 56 torr . 
Py = 84 ~— 56 = 28 torr 
28=0.2xp} or p} =140torr | 


The vapour pressure of water at room temperature is 23.8 mm 
Hg. The vapour pressure of an aqueous solution of sticrose 
with mole fraction 0.1 is equal to: 

(a) 23.9 mm Hg (b) 24.2 mm Hg 

(c) 21.42 mm Hg (d) 31.44 mm Hg 

The vapour pressure of pure A is 10 torr and at the same 
temperature when | g of B is dissolved in 20 g of A, its vapour 
pressure is reduced to 9.0 torr. If the molecular mass of A is 
200 amu, then the molecular mass of B is: 
(a) 100 amu (b) 90 amu = (c) 75 amu 


(Hint: 


_ (d) 120 amu 
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If the various terms in the following expressions have usual 
meanings, the van’t Hoff factor ‘i’ cannot be calculated by 
which of the following expression? 

(a) nV =JinRT 

(b) AT, =ixK,xm 

(c) AT, =ixK,xm 


(d) P solvent iy 


—* solution =i n 
P solvent N+n 
Semipermeable membrane is that which permits the passage 
of: (CPMT 1990) 


(a) solute seupleeles only 


(b) solvent molecules only 

(c) solvent and solute molecules both 

(d) neither solute nor solvent molecules 
Which inorganic precipitate acts as 
membrane? 

(a) Calcium sulphate (b) Barium oxalate 

(c) Nickel phosphate (d) Copper ferrocyanide 
During osmosis, flow of water through a semipermeable 
membrane is: [CBSE (Medical) 2006] 


semipermeable 


’ (a) from solution having higher concentration only 


57. 


58 


- 


"89, 


° 


. 60 


61. 


62. 


(a) density 


(b) from both sides of semipermeable cmon, wan equal 
flow rates 


() from both sides of semipermeable membrane with ‘unequal 


flow rates 
(d) from solution having lower concentration only 
At constant temperature, the osmotic pressure ofa solution is: 
(a) directly proportional to the concentration 
{b) inversely proportional to the concentration 
(c) directly proportional to the square of concentration 
(d). directly proportional to the square root of concentration 
Osmotic pressure observed when benzoic acid is dissolved in 


benzene, is less than that expected from theoretical - 


considerations. This is because : 
(a) benzoic acid is organic solute 
(b) benzoic acid has higher molar mass than benzene. 
(c) benzoic acid gets associated in benzene 
(d) benzoic acid gets dissociated in benzene 
Blood cells do not shrink in blood Decalise bloodis: 
- {PMT (Med) 2007] 
(a) hypertonic . (b) isotonic 
(c) equimolar (d) hypotonic 
Isotonic solutions have the same: 
(b) molar concentration 
(c) normality (d) strength 
The osmotic pressure of solution increases if: (CPMT 1991) 
(a) temperature is decreased 
(b) concentration is decreased 


_[MGIMS (Wardha) 2008] 


_(c) number of solute particles is increased 
.(d) volume is increased 


The osmotic pressure of a 5% seiiai of cane > sugar 


_ (molecular mass 342) at 15°C is: 


(a) 3.46 atm (b) 3.64 atm (c) 4.0 atm (d) 2.45 atm 


A solution has an osmotic pressure of 0.821 atm at 300 K. Its. 


concentration would be: ‘CIT 1990) 
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(c) 0.6% glucose solution 


(a) 066M (b) 032M (©) 0.066M (4) 0.033.M 


‘If 3 g of glucose (molecular mass 180) is dissolved in 60 g of 


water at 15°C, then the osmotic pressure of this solution will 
be: = 
(a) 0.34 atm (b), 0.65 atm (c) 6.57 atm (d) 5.57 atm 
The relationship between the values of osmotic pressure of 
0.1 M solutions of KNO, (P, )and CH,COOH (P, ) is: 
a) R=P, (b) Rh >P, 
qi --2 -  @are, 
PtP Bt+P, 
An electrolyte A gives 3 ions and B is a non-electrolyte. If . 
0.1 M solution of B produces an osmotic pressure P, then 
0.05 M solution of A will produce an osmotic pressure, 
assuming that the electrolyte is completely ionised: - 
(a) 1.5P_ (b) P (c) 0.5P (d) 0.75P 
1 molar solution of a non-volatile and non-electrolyte 
compound will produce an osmotic pressure ....... at O°C. 
(a) l atm (b) 44.8 atm (c) 10.0 atm (d) 22.4 atm 
If0.1 M solution of glucose and 0.1 M urea solution are placed 
on two sides of a semipermeable membrane to equal heights, 
then it will be correct to say that: » (CBSE 1992) 
(a) there will be no net movement across the membrane 
(b) glucose will flow towards urea solution 
({c) urea will flow towards glucose solution 
(d) water will flow from urea solution towards glucose solution 
Which solution will exert highest osmotic pressure? 
(a) 1 M glucose solution (b) 1 Murea solution 
(c) 1M alum solution (d) 1 Mf NaCl solution 
Which is the correct relation between osmotic pressure of 
0.1 M NaCl solution and 0.1 M4 Na,SO, solution?. 
(a) The osmotic pressure of Na,SO, is less than NaCl 
solution 
(b) The osmotic pressure of Na,SO, is more than NaCl 
solution 
(c) Both have same osmotic pressure 
(d) None of the above 
AO. 6% urea solution would be isotonic with: .. 
[CET (Karnataka) 2009] 
(b) 0.1 M KCI solution 
(d) 0.6% NaCl solution 
Which one of the following solutions will have highest 
osmotic pressure? (Assume that all the salts are equally 
dissociated.) 
(a) 0.1 MA1,(SO,); 
(b) 0.1 MBaCl,. 
(c) 0.1 MNa,SO, ; 
(d) The solution obtained by mixing ee volumes of (b) 
and (c) 
The following solutions have equal concentrations. vee one 
will show minimum osmotic pressure? 
(a) BaCl, (b) AgNO, 
() Na,SO, @) (NH,);PO, 
A solution of a substance containing 1.05 g per 100 mL was 
found to be isotonic with 3% glucose solution. ie molecular 
mass of the substance is: 


(a) 31.5 (b) 6.3 


(a) 0.1 M glucose sohition 


(c) 630 @ 63 
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The osmotic pressure of equimolar solutions of BaCl,, NaCl 
and glucose will be in the order: 
(a) glucose > NaCl > BaCl, (b) BaCl, > NaCl > glucose 
(c) NaCl> BaCl, > glucose (d) NaCl > glucose > BaCl, 
At 25°C, the highest osmotic pressure is exhibited by 0.1 4 
(CBSE 1994) 
(a) CaCl, (b) KCl (c) glucose (d) urea 
The plant cell will shrink when placed in: 
(a) water (b) a hypotonic solution 
(c} ahypertonic solution - (d) an isotonic solution 
The osmotic pressure of a solution at 273 K is 2.5 atm. Its 
osmotic pressure at 546 K under similar conditions will be: 
(a) 0.5atm (b) 1.0atm (c) 2.5atm (d) 5.0 atm 
Which one of the following pairs of solutions will be expected 
to be isotonic under the same temperature? 

[CET (Gujarat) 2006; AMU (Medical) 2009] 
(a) 0.1 M urea and 0.1 44 NaCl 
(b) 0.1 M urea and 0.2 M MgCl, 
(c) 0.1 M NaCl and 0.1 4 Na,SO, 
(d) 0.1 MCa(NO,), and 0.1 4 Na,SO, 
An aqueous solution of methanol in water has vapour 
pressure: 


(a) less than that of water (b) equal to that of water 

(c) more than that of water (d) equal to that of methanol 

An aqueous solution.is 1 molal in KI. Which change will cause 

the vapour pressure of the solution to increase? 
[CBSE (PMT) 2010] 

(a) Addition of NaCl (b) Addition of Na,SO, 

(c) Addition of 1 molal KI (d) Addition of water 


Osmotic pressure of a solution containing 0.1 mole of solute 
per litre at 273 Kis (in atm): 


© or (b) os x 0.0821 x 273 
9.0821 : 
(c) —~ x 0.0821x 273.) 4, 0.0821 
in a 


A solution of urea contains 8.6 g be litre. It is isotonic with a 
5% solution of a non-volatile solute. The molecular mass of 
the solute will be: : 

(a) 349 (b) 34.9. (c) 3490 (d) 861 

The hard shell of an egg was dissolved in HCl. The egg was 


then placed in a concentrated solution of NaCl. What will 


happen? 

(a) The egg will shrink 

(b) The egg will swell 

(c) The egg will become harder 

(d) There will be.hardly any visible change 
Blood has been found isotonic with: 

(a) saturated solution of NaCl 

(b) saturated solution of KC] 

(c) saturated solution of 1 : 1 mixture of NaCl and KCl 
(d) normal sodium chloride solution 

When a solute is dissolved in a solvent: 

(a) vapour pressure of the solvent is decreased 


(b) freezing point of the solution becomes less than that of 
solvent 
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(c) boiling point of the solution becomes higher than that of 
solvent : 


(d). all are correct 

The molal elevation constant is the ratio of the elevation in 
boiling point to: 

{a) molarity (b) molality 

(c) mole fraction of solute (d) mole fraction of solvent 

In cold countries, ethylene glycol is added to water in the 
radiators of cars during winters. It results in: 

(a) reducing viscosity (b) reducing specific heat 

(c) reducing freezing point (d) reducing boiling point 

The best colligative property used for the determination of 
molecular masses of polymers is: 

(a) relative lowering in vapour pressure 

(b) osmotic pressure 

(c) elevation in boiling point 

(d) depression in freezing point 

Ebullioscopy is concerned with: 

(a) osmotic pressure of a solution - 

(b) elevation of boiling point of a solution 

(c) depression in freezing point of a solution 

(d) relative lowering in vapour pressure of a solution 
Cryoscopy is concerned with: 

(a) osmotic pressure of a solution 

(b) elevation of boiling point of a solution 

(c) depression in freezing point of a solution 

(d) relative lowering in vapour pressure of a solution 
Molecular mass of a non-volatile solute can be determined by: 
(a) Cryoscopic method (b) Victor-Meyer’s method 

(c) Graham’s method (d) Duma’s method 
Beckmann’s thermometer measures: 

(a) boiling point of the solution 

(b) freezing point of the solution 

(c} any temperature 

(d) elevation in boiling point or depression in freezing point 
The freeaing point of 1% of lead nitrate solution in water will 
be: [UGET (Manipal) 2006] 
(a) 2°C (b) 1°C (c) OPC (d) below 0°C 
A solution of 1.25 g of non-electrolyte in 20 g of water freezes 
at 271.94 K. If Ky is 1.86 K kg mol” then molecular mass of 
the solute will be: 

(a) 207.8 (b) 179.79 (c) 209.6 (d) 109.5 


The ratio of the value of colligative property for KCI solution 

to that of sugar solution at the same concentration is nearly: 

(a) 1 (b) 2 (c) 0.5 (d) 2.5 

The freezing point order of the solution of glucose is: 

(a) 10% >3%>2%>1% = (b) 1%>2%>3%> 10% 

(c) 1% >3%>10%>2% (d) 10% > 1% >3%>2% 

Which one of the following solutions has the highest b.p.? 
[UGET (Manipal) 2006] 

(a) 0.1.4 NaChk (b) 0.1 M urea 

(c) 0.1 M BaCl, (d) 0.1 M glucose 


The freezing point of 1 molal NaCl solution assuming NaCl to 
be 100% dissociated in water is: 
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(a) - 1.86°C 
(c) +1.86°C 


(b) - 3.72°C 
(d) + 3.72°C 


‘Which of the following 0.1 Mf aqueous solutions will have the 


lowest freezing point? (MLNR 1990) 
(a) K,80, (b) NaCl (c) Urea (d) Glucose 
The freezing point of a 0.05 molal solution of a 
non-electrolyte in water is: (MLNR 1990) 
(a) ~ 1.86°C (b) — 0.93°C (c) — 0.093°C (d) 0.93°C 


The freezing point of equimolal aqueous solution will be ~ 


highest for: 

(a) CgH,NH,Cl (b) Ca(NO;), 
(c) La(NO;), (d) CeH,20¢ (glucose) 
Elevation in boiling point was 0.52°C when 6 g of a compound 
X was dissolved in 100 g of water. Molecular mass of the 
compound X is: (K,, for water is 0.52 per 1000 g of water.) 
(a) 120 (b) 60 (c) 600 (d) 180. 

The molal freezing point constant for water is-1.86. If 342 g of 
cane sugar is dissolved i in 1000 g of water, the solution will 
freeze at: ” 

(a) 186°C = (b) — 1.86°C (c) — 3.92°C (d) 3.92°C 

The molal elevation constant of water is 0.51.. The boiling 


(LIT 1990) 


. point of 0.1-molal aqueous ‘NaCl sohition is nearly:GUT 1991) 


105. 


(a) 100.05°C (b) 100.1°C (c) 100.2°C  (d) 101.0°C 


The molal elevation of an unknown solution: is equal to the 


i< molal elevation of 0.1 M solution of urea. The concentration of 
- unknown solution is: 
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Equimolal solutions of A and B show depression in freezing 


(a) 1M (b) 0.01 4 © 0.1 M (d) none of these 
Benzoic acid dissolved i in east will show a molecular mass 
of: 


(b) 64 Oe), 244 - (d) 366 
If the observed and normal osmotic pressures of a KCI 


solution are.5.85 and/3.20 atm, the degree of dissociation of © 


KClis: et tie oe 
(b) 0.082 = (c) 0.82. (d) 0.28 

The van’t Hoff factor of a 0.005 M aqueous solution of KCl is 
1.95. The degree of ionisation of KCI is: 

(a) 0.95 (b) 0.97 (c) 0.94 (d) 0.96 

If the observed and normal osmotic pressures of 1% NaCl 
solution are 5.7 and-3.0 atm, the degree of dissociation of 


- NaCl is: 


(a) 0.9 (b) 1.0 (c) 0.57 =~. (d) 0.3 

Which one of the following salts would have the same value of 
the van’t Hoff factor as that of K,Fe(CN),? (CBSE 1994) 
(a) Al,(SO,), (b) NaCl 

(d) Al(NO; ), 


point in the ratio of 2 : 1. A remains in normal state in solution. 
B will be in. . . state in solution. 


(a) normal (b) associated 
(c) hydrolysed (d) dissociated 
The values of observed and calculated molecular. mass of 


Ca(NO; }, are 65.4 and 164 respectively. The degree of 


ionisation of the salt will be: 


(a) 0.25 (b) 0.50 . (c) 0.60 (d) 0.75 


Which of the following compounds corresponds to van’t Hoff ~ 


factor to be equal to 2 in dilute solution? 


114. 


115. 


116. 


117. 


118. 


119, 


120. 


“(@) 130.20 


" expected to be: 


(a) KCl (b) BaCl, —(c) K,80, — () CgHj20g 

A solution containing 3.3 g of a. swbstance in 125 g of benzene 

(b.pt. = 80°C) boils at 80.66°C. If.K,, for benzene is 3.28 K kg 

mol! the molecular mass of the substance will be: 
(CPMT 1992) 

(b) 129.20 (c) 132.20 9 (d) 131.20 

The elevation in boiling point of a solution of 10 g of a binary 

electrolyte (molecular mass 100) in 100 g of water is AT,. The 

art a K, for water is: 


@A% =) 10 


The ai freezing point constant for water is 1.86 : e mol, 
Therefore, the freezing point of 0.1 M4 NaCl solution in water is 
(MLNR 1994) 
(a) —1.86°C (b) — 0.186°C(c) — 0.372°C (d) + 0.372°C 
Equal volumes of 44/20 urea solution and Af/20 glucose 
solution are _mixed. The mixture will have osmotic pressure: 
(a) equal to either of the solution 

(b) less than either of the solution 


(©) 107, (@) 


-(c) higher than either of the solution 


(d) zero 


Assuming the salts to be unionised in solution, which of the 


following has highest osmotic pressure? 

(a) 1% CsCl (b) 1% RbCI (c) I%KCI (d) 1% NaCl 
Pure benzene freezes at 5.3°C. A solution of 0.223 g of phenyl 
acetic acid | (CoH, CH, COOH) i in 4.4 g of benzene (K , = 5.12 
K kg mol”’) freezes at 4.47°C. From the observation one can 
conclude that: (AFMC 2610) 
(a) phenyl acetic acid exists as such in benzene 

(b) phenyl acetic acid undergoes partial ionization in benzene 
(c) phenyl acetic acid undergoes complete ionization in 


benzene 
(d). phenyl acetic acid dimerizes in benzene 
The movement of solvent molecules from higher 


concentration to lower concentration through semipermeable 
membrane under pressure is termed: 

(a) asmosis (b) reverse osmosis 

(c) dialysis (d) diffusion 


. During depression of freezing point experiment, an . 


equilibrium is established between the molecules of: ; 
(EAMCET 2009) 
(a) liquid solvent and solid solvent 


‘(b) liquid solute and solid solvent 


(c) liquid solute and solid solute 


- ., (d) liquid solvent and solid solute 


122. 


The niolecular weight of benzoic acid in benzene as 
determined. by depression in freezing point method 
corresponds to: aur se 
(a) ionisation of benzoic acid 

(b) dimerization of benzoic acid 


_ (c) trimerization of benzoic acid 


123. 


- (d) solvation of benzoic acid 


If 0.15 g of a solute, dissolved in 15 g of solvent, increases the 
boiling point by 0.216°C over that of the pure solvent, the 
molecular mass of the substance is (Molal elevation constant 
for the solvent is 2.16): (CBSE 1999) 


124. 


125. 


126. 


127. 
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SOLUTIONS 


(a) 1.01 ‘(b) 10 - 

(c) 10.1 (d) 100 

The vapour pressure of benzene at a certain temperature is 640 
nun of Hg. A non-volatile and non-electrolytic solid, weighing 


2.175 g, is added to 39.08 g of benzene. The vapour pressure. 


of the solution is 600 mm of Hg. What is the molecular mass 

of the solid substance? (CBSE 1999) 

(a) 49.50 "(b) 59.6 

(c) 69.5 (d) 79.8 

A5% solution of cane sugar (mol.-mass = 342) is isotonic with 

1% solution of a substance X. The molecular mass of X is: 
(CBSE 1998) 

(a) 34.2 (b) 171.2 

(c) 68.4 (d) 136.8 

The vapour pressure of a solvent decreased by 10 mm of 


‘mercury when a non-volatile solute was added to the solvent. 


The mole fraction of the solute in the solution is 0.2. What 
should be the mole fraction of the solvent, if the decrease in 
the vapour pressure is to be 20 mm of mercury? (CBSE 1998) 
(a) 0.8 (b) 0.6 
(c) 0.4 (d) 0.2 


[Hint: Mole fraction of ‘solute = lowetitig ia VaDOE Presi’ 


vapour pressure of solvent 


Comparing under the two conditions, 
0.2 _ 10 
mole fraction of solute 20 


or mole fraction of solute = 0.4 
mole fraction of solvent = (1 — 04) 2 10. 6] ¢ 
Which of the following 0.10 m aqueous solition will have the 


lowest freezing point? 
(a) Al,(SO,4)3 
(c) C620. 


\ (CBSE 1997) 
(b) KI 
(d) CHO, \ 


. A binary liquid solution is prepared by mixing n-heptane and . 


ethanol. Which one of the following statements is correct 

regarding the behaviour of the solution? (AIEEE 2009) 

(a) The solution formed is an ideal solution 

(b) The solution is non-ideal, showing positive deviation from 
Raoult’s law 

(c) The solution.is non-ideal, showing negative deviation 
from Raoult’s law 

(d) n-heptane shows positive deviation, while ethanol shows 
negative deviation from Raoult’s law 

X is a non-volatile solute and Y is volatile solvent. The 

following vapour pressures are obtained by dissolving X in Y. 


X/mol L! Y/mm Hg 
0.1 P 
0.25 P, 
0.01 P, 


The correct order of vapour pressure is : 

[EAMCET (Engg. ) 2010] 
() R<P<P, (b) P< P, <P 
() i <A<P, (d) 2, <P <P, 
12.2 g of benzoic acid (M = 122) in 100 g water has elevation 
in boiling point of 0.27. K, = 0.54 K kg mol”. If there is 
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- 132. 
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134. 
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136. 


. 137. 


138. 


139. 


£e). Both are equal 


100% sal seieatias the number of molecules of benzoic 
acid in associated state is: : 


(a) 1 (b) 2 

(3. (d) 4 | 

For [CrCl, -xNH,], elevation in boiling point of one molal 
solution is double of one molal solution of Blears, hence x is, 


- if complex is 100% ionised: 


(a) 4 (b) 5 

(c) 6 .(d) 3 

If glycerol and methanol were sold at the same price in the 
market, which would be cheaper for preparing an antifreeze 
solution for the radiator.of an automobile? 


(a) Glycerol (b) Methanol 

(d) None of these 

Two liquids 4 and B have P,?:P,°=1:3 at.a certain 
temperature. If the mole fraction ratio of x, :x, = 1:3, the 
mole fraction of A in vapour in equilibrium with the solution 


_ ata given temperature is: 


(a) 0.1 (b) 0.2 

(c) 0.5 (d) 1.0 

Relationship between osmotic pressure at 273 K when 1% 
glucose (m,), 1% urea (1.), 81% sucrose.(7, ) are dissolved 
in | litre of water: 
(a) 1, >.>, Guarsasn. 

(c) 1, >, >, ‘d) 1, =7,=73 
Which of the following property indicates 
intermolecular forces of attraction in liquid? © 

(a) High heat of vaporization(b) High vapour pressure 
(c) High critical temperature (d) High boiling point. 
One mole of sugar is dissolved in two moles of water. The 
vapour pressure of the solution relative to that of pure water is: 
(a) 2/3 (b) 1/3 

(c) 3/2 (d) 1/2 

The highest temperature at which vapour pressure of a liquid 
can be measured is: 

(a) critical temperature (b) inversion temperature 

(c) critical solu. temperature (d) b.pt. of liquid 

The expression relating molality (m) and mole fraction (x, ) of 
solute in a solution is: 


weak 


mM, 


mM, 
ay X= xX = 
ee 1+ mM, ©) % 1- mM, 
1+ mM, 1— mM, 
Cc) xX» = ——— d) x, = ———— 
(c) x mM, (d) x, mM, 


The diagram given below is a vapour pressure composition 
diagram for a binary solution of A and B. 


Vapour pressure ——> 


X3 — 


372 
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144. 
145. 


. 146. 


147. 


148. 


- (c) C>H,(OH), © 
142. 


‘Isotonic solutions have: 


-neutralize 10 mL of this solution is: 
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In the solution, A — B interactions are: 

(a) similar to A — A and B ~ B interactions 

(b) greater than A — A and B — B interactions 

(c) smaller than A — A and B — B interactions 

(d) unpredictable 

The best and accurate method for determining ‘osmotic 
pressure is: (AFMC 1995) 
(a) negative pressure method 


. (b) Berkeley and Hartely method i 


(c) Morse and Frazer method 


‘(d) Preffer’s method 


If all the following four compounds were soldat the same 
price, which would be cheapest for preparing an antifreeze 
solution for a car radiator? (AMU 1997) 
(a) CH,0H (b) C,H,OH 

(d) C3H;(OH), 

What is the osmotic pressure of the solution obtained by 


‘mixing 300 cm? of 2% (mass-volume) solution of urea with 


300 cm? of 3.42% solution of sucrose of 20°C? 
(R = 0.082 L atm K™. mol) : 


(SCRA 2009) 
(a) 5 atm (b) 5.2 atm (c) 2.6 atm 


(d) 4.5 atm 


[Hint : nV = (2) + (2) jer 
Mp Mp 
urea sucrose 


5 S00. -|4 als 22 laoe2 x 293 
*7000 60 . 342 |. . 
Tx 0.6 = (0.14 0.03) x 0.082 x 293 
T = 5.2.atm] 


A solution of 1 molal concentration of a solute will have 
maximum boiling point elevation when the solvent is: 

{PMT (MP) 2000} 
(b) acetone 
(d) chloroform 

(DPMT 2000) 

(a) same boiling point (b) same vapour pressure 
(c) same melting point (d) same osmotic pressure 
The depressions in freezing point for 1 M urea, 1 M glucose 


(a) ethyl alcohol 
(c) benzene — 


and .1 M NaCl are in the ratio: - {CET (Haryana) 2000] 
(a) 1:2:3 (b) 3:2:2 
(c) 1:1:2 (d). none of these 


An aqueous solution of 6.3 g oxalic acid dihydrate is made up 
to 250 mL. The volume of 0.1 N NaOH required to completely 
(IT 2001) 
(a) 40mL = (b) 20mL (c) 10m~L = = (d) 4mL 

The vapour pressure of a solvent A is 0.80 atm. When a 
non-volatile substance B is added to this solvent, its vapour 
pressure drops to 0.6 atm. The mole fraction. of B in the 
solution is: ; [PMT (MP) 2000} 
(a) 0:25 (b) 0.50 (c) 0.75 (d) 0.90 

An aqueous solution of sucrose, C,,H».O,;, containing 
34.2 g/L has an osmotic pressure of 2.38 atmospheres at 17°C. 
For an aqueous solution of glucose, CgH,,O,, to be isotonic 


with this solution, it would have: (AMU 1997) 
(a) 34.2 g/L : (b) 17.1 g/L 
(c) 18.0g% 


_ .@) 36.0 g/L of glucose 
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(c) m= 
151. 


The molal b.pt. constant for water is v.513°C kg mol”). When 


0.1 mole of sugar is dissolved in 200 g of water, the solution 

boils under a pressure of | atm at: (AIIMS 1991) 

(a) 100.513°C (b). 100.0513°C 

(c) 100.256°C (d) 101.025°C 

The correct expression relating molality (m), molarity (7), 

density (d@ )and molar mass (M, ) of a solute is: 

(a) m= a+MM, (b) m= 

_d+MM, 
M 


d-MM, 
‘avn d—- MM, 

M 
The expression relating mole fraction of solute (x, ) and 
molarity (M ) of the solution is: 


MM, MM, 
(a) y=) _ », =_M__ 
M(M, -M,)+p . M(M, —- M,)-p 
(c) po ee (d) pe 
MM, MM, 


(where (€ is the density of solution and M, and M, are the 
molar.masses of solvent and solute, respectively.) 

The boiling point of a solution of 0.11 g of a substance in 15 g 
of ether was found to be 0.1°C higher than that of pure ether. 


The molecular weight of the substance will be (K, = 2.16): 
[PET (MP) 2002] 
(a) 148 (b) 158 (c) 168 (d) 178 


2.5 litre of 1 M/ NaOH solution are mixed with another 3 litre 
of 0.5 M NaOH ‘solution. Then the molarity of the resulting 


solution is: [CBSE (PMT) 2002] 

(a) 080M (b) 10M  (c).0.73M (d) 050M 

In a mixture, ‘A’ and ‘B conmponents show the negative 

deviations as: (ATE GE 2002) 

(a) AV, >0 

(b) AV, <0 

(c) A-—B interaction is weaker than A- A and B-B 
interactions 


(d) none of the above reasons is correct 
A solution contains non-volatile solute of molecular mass M. 


Which of the following can be used to calculate the molecular 
mass of solute in terms of osmotic pressure? 


[CBSE (PMT) 2002] 
(a) M, ="2.VRT (b) m,=(™) = 
Tt V) © 
| : 34): | om 
© M,=(™) xer @ M, (2) = 


(m, = mass of solute; V = volume of solution; m = osmotic 
pressure) 

0.6 g of an organic compound when dissolved in 21.7 g water 
freezes at 272.187 K. The molar mass of the organic 
compound is close to: 


(K , of water is 1.86 deg/molality; freezing point is 273 K) 
(SCRA 2009) 

(a) 61 g mol”! 

(c) 65 g mol! 


(b) 63 g mol! 
(d) 67 gmol™ 
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- SOLUTIONS 


Osmotic pressure of urea solution at 10°C is 500 mm. Osmotic 


- pressure of the solution becomes 105.3 mm, when it is diluted 


and temperature raised to 25°C. The extent dilution is: 

[PMT (MP) 2004] 
(a)8times (b)Stimes (c)4times  (d)7 times 
The average osmotic pressure of human blood is 7.8 bar at 
37°C. What is the concentration of an aqueous NaCl solution 


that could be used in blood stream? (AIIMS 2004) 
_(a) 0.15 mol/L (b) 0.30 mol/L 
(c) 0.45 mol/L (d) 0.60 mol/L: 


Camphor is often used in molecular mass determination 
because: 


(a) it is readily available 

(b) it has very high cryoscopic constant 

(c) it is volatile 

(d) it is a solvent for organic substances 

A 0.004 M solution of Na,SO, is isotonic with a 0.010 M@ 
solution of glucose at same temperature. The apparent degree 
of dissociation of Na,SO, is: [IIT (S) 2004] 
(a) 25% (b) 50% (c) 75% (d) 85% 

Which of the following liquid pairs shows a positive deviation 
from Raoult’s law? [AIEEE 2004; AMU (Med) 2007] 
(a) Water-hydrochloric acid (b) Benzene-methanol 

(c) Water-nitric acid (d) Acetone-chloroform 

Which one of the following statements is false? 


(AIEEE 2004) . 


(4) Raoult’s law states that vapour pressure of a component 
over a solution is proportional to mole fraction 

(b)The osmotic pressure (1) of a solution is given by the 
relation 1 = MRT where M is molarity of the solution 

(c) The correct order of osmotic pressure for 0.01 M aqueous 
solution of each component is: 

BaCl, > KCl > CH,COOH > Sucrose. 

(d)Two sucrose solutions of same molality prepared in 
different solvents will have the same freezing point 
depression 

A solution of sucrose (molar mass = 342 g mol") has been 

prepared by dissolving 68.5 g of sucrose in 1000 g of water. 

The freezing point of the solution obtained will be: 

(K , for water = 186 K kg mol) 


[CBSE (PMT) 2010] 
(a) -0.372°C (b) -0.520°C 
(c) +0.372°C : (d) -0.570°C 
[Hint: AT =K, pe seal 
mg X Wy 
> 186x068 x 1000 
342 x 1000 
=0.372 
Freezing point of solution = 0 — 0.372°C 
+ 372°C] 
Which of the following is incorrect? [CET (J&K) 2005] 


(a) Relative lowering of vapour pressure is independent of the 
nature of the solute and the solvent 

(b) The vapour pressure is a colligative property 

(c) Vapour pressure of a solution is lower than that of the 
solvent 


[CBSE-PMT (Pre.) 2004] 


165. 


166. 


167. 


168. 


* 169. 


170. 


171. 


172. 


173. 


174. 
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((d) The relative lowering of vapour pressure is directly 
proportional to the original pressure 

Calculate the molal depression constant of a solvent which has 

freezing point 16.6°C and latent heat of fusion 180.75 J g™!. 
[JEE (Orissa) 2005] 

(a) 2.68 ° (b) 3.86 (c) 4.68 (d) 2.86 

If for a sucrose solution, elevation in boiling point is 0.1°C 

then what will be the boiling point of NaCl solution for same 


molal concentration? {BHU (Pre.) 2005] 
(a) 0.1°C (b) 0.2°C (c)0.08°C = (d) 0.01°C 
Which has minimum osmotic pressure? - (DCE 2005) 


(a) 200 mL of 2 M NaCl solution 

(b) 200 mL of 1 M glucose solution 

(c) 200 mL of 2 M urea solution 

(d) All have same 

Solution A contains 7 g/L of MgCl, and solution B contains 

7 g/L of NaCl. At room temperature, the osmotic pressure of: 
(DCE 2005) 

(a) solution A is greater than B 

(b) both have same osmotic pressure 

(c) solution B is greater than A 

(d) can’t determine 

The van’t Hoff factor for BaCl, at 0.01 M concentration is 


1.98. The percentage dissociation of BaCl, at this 
concentration is: [PET (Kerala) 2005] 
(a)49 (b) 69 (c) 89 (d) 98 

(e) 100 


Equimolar solutions in the same solvent have: (AIEEE 2005) 
(a) same boiling point but different freezing points 

(b) same freezing point but different boiling points 

(c) same freezing and boiling points 

(d) different freezing and boiling points 

A solution of urea (mol. mass 56 g mol”') boils at 100.18°C at 
the atmospheric pressure. If K, and K,, for water are 1.86 and 
0.512 K kg mol! respectively, the above solution will freeze 


at: [CBSE-PMT (Pre.) 2005] 
(a) 0.654°C (b) - 0.654°C 
(c) 6.54°C (d) - 654°C 


If 0.5 g ofa solute (molar mass 100 g mol~') in 25 g of solvent 
elevates the boiling point by 1 K, the molar boiling point 


constant of the solvent is: [PMT (Kerala) 2006] 
(a) 2 (b) 8 (c) 5 (d) 0.5 
(e) 10 


Osmotic pressure observed when benzoic acid is dissolved in 
benzene, is less than that expected from theoretical 
considerations. Thisis because: {[KCET 2006] 
(a) benzoic acid is an organic solute 

(b) benzoic acid has higher molar mass than benzene 

(c) benzoic acid gets associated in benzene 

(d) benzoic acid gets dissociated in benzene 

A 5% solution by mass of cane sugar in water has freezing 
point of 271 K and freezing point of pure water is 273.15 K. 
The freezing point of a 5% solution (by mass) of glucose in 
water is: : : (AIMS 2006) 
(a) 271K (b) 273.15 K (c) 269.07K (d) 277.23K _ 
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177. 


7 Dividing eq. (i) by eq. (ii), we get, 
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wa x 1000 
My X Wy. 
5 x 1000 | 
342 x 95. 


wees ar 2K, se 5 x 1000 
180 x 95 


@ (for sucrose) 


...(ii} (for glucose) 


AT 418K 
| TET, -4.18 
= 273.15 — 4.18 = 269.07 K] 


18 | s “glucose (CgH,20,) is added to 178.2 g of water. The 


vapour pressure of water for this aqueous solution at 100°C is: 

. (ATEEE 2006) 
(a)'759 torr (b) 7.60 ren (©) 76 torr — (d) 752.4 torr 
Depression in freezing peint is 6 K for NaCl solution.: If K , 


for water is 1.86 K/kg- mol,’ amount of NaC] dissolved in 1 kg 
water is: ‘(DCE 2006) 
(a) 3.42 (b) 1.62 (c) 3.24 (d) 1.71 
Observe the following observations: 
Kops = observed colligative property 
Mea = theoretical colligative property assuming nora 
behaviour of solute 


_ van’t Hoff factor (i) is given by: {CET (J&K) 2006]. 
« (8) T= Mops X Meat (b) i= Robs + Moai 
(c) i = Mobs = Real (d) i= = Tops 
; Kea 
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A'5:25%. solution of a substance is isotonic with a 1.5% 
solution of urea (molar mass = 60g mol"') in the same 
solvent, If the densities of both the solutions are assumed to be 
equal tol g cm™, molar mass of the substance will be: 
(AIEEE 2007) 
(b) 90.0 g mol"! 

(d) 105.0 g mol” 


(a) 210.0 g mol ~ 
(c) 115.0 g mol”. 


[Hint: . For isotonic solutions: 
eam oe om = CRT 
C=C; 
15/60 _ 5.25/m 
yo OY 
m= 210] 


bancentrated aqueous sulphuric acid 98% H,SO, by mass has 
a density of 1.80 g mL’. Volume of acid required to make 


one litre of 0.144 H,SO, solution is: [CBSE (Med) 2007] 
(a) 16.65 mL (b) 22.20 mL 

(c) 5.55 mL ~ @) 11.10 mL 

(Hint: “oM sendy 2 981.80 x10 © 18 

ce 98 
MV, =MY, 
18 x V7, = 0.1 x 1000 
100 


V, =—— =5.55 mL] 
18 . 


If the vapour pressures of pure Aand pure B at 298 K are 60 


_and 15 torr respectively, what would be the mole fraction of 


A in vapour phase (at this temperature) in a solution. that 


181.. 
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(a) 17.325 mm Hg 


contains 20 mole per cent of A in the (4A + B) binary mixture 


in the liquid phase? (SCRA 2007) 
(a) 0.2 (b) 0.3 

(c) 0.5 (d) 0.7 

{Hint: x, =——=0.2, Xp = 0.8 


P= Pat Pp = Paka + Poxe 
= 6002+ 15*08=12+12=24 
Mole fraction of A in the vapour phase, i.e, y, may be calculated 
as: 
P4 = V4% DP 
12= yy X24 


- 12 
=—=0.5 
Ya 4 ] 


‘When 20 g of naphthoic acid (C,,H,O,) is dissolved in 50 got. 


benzene (K p=l72kg inol”!), a freezing point depression of 


2K is observed. The van’t Hoff factor (i) is: (IT 2007) 
(a) 0.5 (b) 1. 
(c) 2 (d) 3 
[Hint: AT =ix K, x 2 *1000 

Mpg X Wy 

Qerxi7x Xie 

172 x 50 
i=0.5] 


At 80°C, the vapour pressure of pure Jiquid A is 520 mm of Hg 
and that of pure liquid B is 1000 mm of Hg. If a mixture of 
solution A and B boils at 80°C and | atm pressure, the amount . - 
of A in the mixture is: (1 atm = 760 mm of Hg) (AIEEE 208) 
(a) 50 mol per cent (b) 52 mol per cent 

(c) 34 mol per cent (d) 48 mol per cent 

[Hint : p= pi x4 + De Xp 

760 = 520 x x, + 1000 (1- x,) 
x, = 0.50, i.¢., 50 mol per cent.] 


-183. The vapour pressure of water at 20°C is 17.5 mm Hg. If 18 g 
of glucose (C;H,,O, ) is added to 178.2 g of water at 20°C, the 


vapour pressure of resulting solution will be : (AIEEE 2008) 
(b) 17.675 mm Hg - 


(c) 15.75 mm Hg (d) 16.5 mm Hg 
[Hint:) - p= Px, : : 
=175x 178.2/18 
178.2/18+ = 
180 : 
= 17,325 mm Hg] © 


Which of the following can be ‘measured - the Ostwald- 
Walker dynamic method ? : AKCET 2008) 


. (a) Vapour pressure of the solvent 
_ (b) Relative lowering of vapour pressure 


(c) Lowering of vapour pressure 

(d) All of the above 

Cryoscopic constant is the depression in’ freezing. point 
produced by : {Comed (Karnataka) 2008] 
(a) 1% solution (b) 1 molar solution © 

(c) 1 molal solution (d) 1 N solution 
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Which among the following gas will greatly deviate from 


Henry’s law in water ? [PMT (Kerala) 2008] 
_ (aH, (b) N, 
(c) CH, (@) CO, 
(e) Ar 
Vapour pressure increases with increase in : 
[JEE (Orissa) 2008] 


(a) concentration of solution containing non-volatile solute 
(b) temperature upto boiling point 

(c) temperature upto triple point 

(d) altitude of the concerned place of boiling 

When mercuric iodide is added to the aqueous solution of 
potassium iodide: {BHU (Mains) 2008] 
(a) freezing point is raised 

(b) freezing point is lowered 

(c) freezing point does not change 

(d) boiling point is raised 

[Hint : 2KI+ Hgl,——> K,[Hgl,] 

Number of particles decreases due to above reaction hence 
freezing point is raised.] 

The Henry’s law constant for the solubility of N, gas in water 
at 298 K is 1x 10° atm. The mole fraction of N, in air is 0.8. 
The number of moles of N, from dissolved in 10 moles of 


water at 298 K and 5 atm pressure is: _ (IT 2009) 
(a)4x10% (b) 4x 10° 
(c) 5x104 (d) 4x 10° 
(Hint : PN, =Xn, X Protal 
=0.8x5=4atm 
According to Henry’s law : 
Pn, =Ky XIN, 
ai ee 
Mn, XMy,0 
x, +%H,0 _ 1x 10° 
My 4 
yy +10 oasx10? 
My, 
ty, = 4x10 J 


A 0.002 m aqueous solution of an ionic compound 
Co(NH; )s5 (NO, JCI freezes at -0.00732°C, Number of moles 
of ions which | mol of ionic compound produces .on being 
dissolved in water will be : (K , = —1.86°C/m) 


. [CBSE (Med) 2009} 
(al (b) 2 (c) 3. (d) 4 
[Hint: AT =ixKy;xm 
0.00732 = £1.86 x 0.002 
i= 1.967 =2] 


A solution is separated from pure solvent by a semipermeable 
membrane at 298 K. The difference in the height of the 
solution and the solvent is 0.9 m. If K , and freezing point of 
the solvent are 30 K kg mol and 250. 3 K, respectively, the 


temperature at which the solution freezes is: (ESAT 2010) 
(a) 250,10 K (b). 250.25 K — 
(c) 250.20 K (d) 250.05 K 


(Assume density of solution to be 1 g/cc) 
(Hint: = x13.6xgx76=90xgxl1 
n =0.087 atm 
wm = CRT 
0.087 = C x 0.082 x 298 
C =3.56x10°M 
AT=K pxm 
= 30x 3.56x10°=0.1 
“. Freezing point of solution will be : 250.3 — 0.1 - 
= 250.2 K] 


Set-2: The questions given below may have more than 


1, 


“(€) Cely20g 
. Difference between diffusion and osmosis is: 


one correct answers 


The given graph indicates: 


Xa= 1 
Xp=O0 , Xa= 


Xg= 1 


(a) (+) deviation (b) (-) deviation 

(c) no deviation (d) none of these 

Which is the correct statement? 

(a) Minimum boiling azeotropic mixture boils at temperature 

lower than either of the two pure components 

(b) Maximum boiling azeotropic mixture boils at temperature 
higher than either of the two pure components ; 

(c) Minimum boiling azeotropic mixture shows (+)ve deviation 

(d) Maximum boiling azeotropic mixture shows (—)ve deviation 

A certain non-volatile substance (non-electrolyte) contains 

40% C, 6.7% H, 53.3% O. An aqueous solution containing 5% 


_ by mass of the solute boils at 100.15° C. Molecular formula of 


the compound is: 
(a) CH,O (b) C,H,O, 
(4) CyHy20) 


(a) a semipermeable membrane is required for osmosis while 
diffusion requires no semipermeable membrane 


_ (b) in osmosis the movement of molecules is only in one 


direction whereas in diffusion movement is on both sides 

(c) in osmosis only the solvent moves while in diffusion 
solute and solvent both move. 

(d) rione of the above 

For a. non-volatile solute: 

(a) vapour pressure of solute is zero 

(b) vapour pressure of -solution = vapour ‘pressure of pure 
solvent 

(c) vapour pressure of solution = vapour pressure of solvent 
in solution . 

(d) all of the above ~N 


‘. 
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8. 


10. 
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In which of the following cases does osmosis take place if the 
solutions are separated by a semipermeable membrane? 

(a) 0.1 M NaCl and 0.2 M glucose , 

(b) 0.1 M sucrose and 0.1 M fructose 

(c) 0.05 MK,[Fe(CN),] and 0.1 M CaCl, 

(d) 10° MCaCl, and 1.5 x 10° M NaCl 


Match the following: 
Solute (equimolar) tt (OP) ratio 
(i) Urea, glucose, fructose (A) 1:0.8:1 - 
(ii) NaCl, MgCl, ,K,SO, . (BY 1:2:3 
(iii) Al,(SO,)3, Na,PO,,K,Fe(CN,) (C) 1:1:1 
(iv) Glucose, NaCl, CaCl, (D) 2:3:3 
(i) (ii) Gi) (iv) 
(a) A B C D 
(b) B D Cc A 
(c) D iB. A Cc 
.@ - ¢ D. A B 
Match the following graph: 


Mole fraction 


A Gi) (+) deviation 
B (ii) Ideal 
C (iii) (—) deviation 
(a) (A) Gi), (B) Gi), (C) aii) 
(b) (A) (iii), (B) Ga), ©) @) 
(c) (A) Gi), @) Gi), C) @ 
(d) none of these 
Vapour pressure of methyl alcohol and ethyl alcohol solutions 
is represented by P =115x, +140 where x, is the mole 
0 


P. 5 
fraction of methyl alcohol. The value of lim —%- is: 
: x4 70 Xp 
(a) 255 (b) 115 
() 140 (d) 135 


To 10 mL of 1 M BaCl, solution 5 mL of 0.5 M K,SO, «:. 
added, BaSO, is precipitated out. What will happen? 

(a) Fpt. is increased (b) B.pt. is increased 

(c) Ept. is lowered (d) B.pt. is lowered 


11. 


12. 


AB. 


14, 


15. 


16. 


17. 


18. 


19. 


Which is a dimensionless quantity? 
(a) Mole fraction (b) Molality 
(c) % by wt. of solvent (d) % by wt. of solution 
Which of the following concentration terms is/are independent 
of temperature? : [PET (Kerala) 2006; 
CET (Gujarat) 2006; DCE 2007] 
(a) Molarity 7 
(b) Molarity and mole fraction 
(c) Mole fraction and molality 
(d) Molality and normality 
(e) Only molality ° 
In the depression of freezing point experiment, it is found that: 
(HIT 1999) 
(a) the vapour pressure of the solution is less than that of pure 
solvent . ; 
(b) the vapour pressure of solution is more than that of pure 
solvent 
(c) only solute molecules solidify at the freezing point 
(d) only solvent molecules solidify at the freezing point 
Which of the following is/are correct for a solution of a 
particular concentration? * 
(a) Molarity is always less than molality 
(b) Formality is equivalent to molarity 
(c) Mole fraction is equivalent to mass fraction 
(d) Normality of H,SO, solution is double than its molarity 
Effect of adding a non-volatile solute to a solvent is: 
(a) to lower the vapour pressure 
(b) to increase its freezing point 
(c) to increase its boiling point 
(d) to decrease its osmotic pressure 
Which of the following form/s an ideal solution? 
(a) Ethyl bromide + ethyl iodide 
(b) Ethyl alcohol + water 
(c) Chloroform + benzene 
(d) Benzene + toluene 
Osmotic pressure of a solution is: 
(a) directly proportional to the molar concentration of the 
solution 
(b) inversely proportional to the molecular weight of the 
solute 
(c) inversely proportional to the temperature 
(d) directly proportional to the volume of the solution 
Which of the following is/are true? 
(a) For the same solution, elevation 
point = depression in freezing point 
(b) van’t Hoff factor for a dilute solution of BaCl, is 3 
(c) Elevation in boiling point is due to increase in vapour 
pressure 
(d) Depression in freezing point is due to decrease in vapour 
pressure 
In the following question, more than one of the answers given 
may be correct. Select correct answer and mark it according to 
the code : [BHU (Mains) 2008] 
A solution containing components A and B exhibits positive 
deviation from Raoult’s law only when 


in boiling 


20. 


SOLUTIONS 


(1) AV ining = + VE 

(2) AF rixing = — VE 

(3) A — B attraction forces < A —- A and B — B attraction 
forces : ; 

(4) A — B attraction forces > A — A and B — B attraction 
forces : 

Codes: 


(a) 1, 2 and 3 are correct 

(b) 1 and 2 are correct 

(c) 2 and 4 are correct 

(d) 1 and 3 are correct ; 

Consider the following statements in respect of an ideal 

solution: 

1. Raoult’s law is valid for an ideal solution over the whole 
concentration range ; 

2. Enthalpy of mixing is zero, ie., AH, = 0 

3. Volume of mixing is not zero, i.¢., AV, # 0 

4, The components of ideal solution cannot be separated by 
fractional déstillation. 

Which of the statements given above is/are correct? 

' (SCRA 2009) 


21 


22. 


(a) 1,2 and3 
(c) | and 3 only 
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(a) 3 and 4 

(c) | and 2 

Consider the following : 

At constant pressure, boiling point of a solution is greater than 

the boiling point of its pure liquid solvent because 

‘1. Solute is non-electrolyte 

2. Solute is involatile 

3. Chemical potential of solvent in solution is less than the 
chemical potential of solvent in its. pure state at constant 
pressure 

Which of the above are correct? 

(b) 1 and 2 only 

(d) 2 and 3 only 

Which values can be obtained from the information 

represented by the vapour pressure curve of a liquid? 

1. Normal boiling point 

2. Normal freezing point 

3. Enthalpy of vaporisation 

(a) 1 only 

{c) 1 and 3 only 


(b) land 4 
(4) 2 and 3 


(SCRA 2009) 


(DUMET 2010 
(b) 1 and 2 only 
(d) 1,2 and 3 
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Assertion-Reason TYPE QUESTIONS 


Peas 


The questioris given below consist of tw statements each printed as 
‘Assertion’ (A) and ‘Reason’ (R). While answering these questions 
you are required to choose any one of the following four options: 

. (a) If both (A) and (R) are correct and (R) is the correct 


explanation for (A).: 


- (b) If both (A) and (R) are correct but (R) is not the correct 


explanation for (A). 
(c) If (A) is correct but (R) is incorrect. 
(d) If (A) is incorrect but (R) is correct. 


(A) The dissolution of gases in water is always an endothermic 


process. 


(R) Dissolution of gases in water proceed with negative value 


of AS. 


(A) Water boiling at 100°C at 1 sone eae in a. 


-beaker is not at equilibrium. - 
(R) It refers to an open system. 


. (A)A solution which contains one gram equivalent of solute 


"per litre of the solution is called a normal solution. 


. (R) A normal solution means a solution in which the solute 


does not associate or dissociate. 

(A) The sum of mole fractions of all the components of a 
solution i$ unity. 

(R) Mole fraction is a temperature dependent quantity. 

(A) Iodine is more soluble in CCL, than in water: 

(R) Non-polar solutes are more soluble in non-polar solvents. 

(A) Vapour pressure of 0.5'M sugar solution is more than 
0.5 M KCI solution. 

(R) Lowering of vapour pressure is directly proportional to the 
number of species present in the solution. 

(A) Non-ideal solutions-form azeotropic mixture. 

(R) Boiling point of azeotropic mixture is higher than boiling 

points of its both components. 

(A) One molar solution is always more concentrated than one 
molal solution. 

(R) The amount of solvent in 1 M and 1 m aqueous solution is 
not equal. 

(A)Camphor is used as tia in .the .determination of 
molecular mass of naphthalene and anthracene etc. 

(R) Camphor has high molal elevation constant. 


10. 


11. 


12. 


13. 


14. 


15. 


16. 


17. 


' 18. 


-(R)In’ an 


(A) 0.1 M solution of glucose has same increment in freezing 
point than 0.1 M solution of urea, 

(R) K , for both has different values. (AITMS 1997) 

(A) Molarity of 0.02 N solution of HNO, is 0.02 M. - 

(R) Molarity and normality of a solution are never equal. 

(A) Larger the value of cryoscopic constant of the solvent, 
lesser will be the freezing point of the solution. 

(R) Depression in the freezing point depends on the nature of _ 
the solvent. 

(A) 0.1 Mf solution of NaCl has greater osmotic pressure than 
0.1 M solution of glucose at same temperature. 

(R) In solution, NaCl dissociates to produce more number oF 

particles. 


(A) Henry’s law and Raoult’s law are not independent, ie.,one 
can be derived from the other. 


_ (R) The partial pressure is directly proportional tothe mole 


__. fraction of the concerned species for ideal solutions. 
(A) The water pouch of instant cold pack for treating athletic 
' injuries breaks when squeezed and NH,NO, suseolves 
- thus lowering the temperature. 
(R) Addition. of non-volatile solute into solvent results into 
depression of freezing point of solvent. (AIIMS 2006) 
(A) In a pressure cooker, the water is brought to boil. The 
- cooker is then removed from the stove. Now on removing 
__-the lid of pressure cooker, the water starts boiling again. 
(R) The impurities in water bring down its boiling point. 
[Hint: In pressure cooker, water boils above 100°C. When the 
lid of cooker is opened, pressure is lowered so that boiling point 
decreases and water boils again. ] 
(A) An. increase in surface area increases the rate. Of 
evaporation. 


~ (R) Stronger the inter-molecular attractive forces, faster is the 


rate of evaporation at a given temperature. 
(A).An ideal solution obeys Raoult’s law. 
‘ideal - solution, solute-solute as well as 
solvent-solvent interactions are similar to solute-solvent 
interaction. © 
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The following questions contain single correct option: 


1. Three solutions of HCI having normality 12 N, 6 Nand 2 Nare 


mixed to obtain a solution of 4 N normality. Which among the 
following volume ratio is correct for the above three 
components? 


(a) 1:1:5 (b) 1:2:6 (c) 2:1:9 (d)1:2:4 
(Hint: NV, + NV+ NwV,=Np% + ¥y+Vs) 
_ 12x14 6x24+2x6=N,(9) 
ie Nz=4) 
. 6.8 gH,O, is dissolved in 224 mL solution. This solution will 
be labelled as: 


(a)0.224V (b)20V.@) SV (4) 10V 
“tint, a = 222.1000 _ 68 , 1000 
"mg XV 34 224 
200 
224 
Volume strength V = M x 11.2 
200 


=——x11.2=10] | 
224 


. Asolution weighing a g has molality b. The molecular mass of 
solute if the mass of solute is ¢ g, will be: 


(a) ey 1000 (b) b &s 1000 
b (a-c) a (a-b) 
ig2 c 1000 a@ © “ 1000 
¢ (a-c) a (b-a) 
[Hint;  Molality, m = “2 x 100° 
Mp OW, 
pa 2000 
mz (a-c) 
my =£ x 1000, 
3b (a-0) 


. Two solutions of H,SO, of molarities x and y are mixed in the 
ratio of V, mL. :¥, mL to form a solution of molarity M,. If 
they are mixed in the ratio of VY, mL: mL, they form a 
solution of molarity M,. Given V, /V, = ~ >and eal a ; 
Br ts i a M, 4 
then x: yis: 
(a) 2:1 (b) 4:1 


(c) 1:2 (d) 3:1 


{Hint: Molarity of the mixture can be calculated as: 
MV, + M,V,=M,(V, +) 
where, M, = resultant solution 

Vixx+¥,x y= MV, + ¥p) . Gi) 

Voxxt+V,x y=MV, + Vo) ix Gi} 
Dividing eq. (i) by eq. (ii), we get 

Vxt Poy M, 
VoxtViy My- 


Substituting My =~ and — = ~ we can calculate x: yj 
You are given 500 mL, of 2 N HCl and 500 mL of 5 N HCI. 
What will be the maximum volume of 3 M HCI that you can 
make from these two solutions? 


(a)250mL = (b) 750 mL (c) 500 mL = (d) 1000 mL 
The mole fraction of a given sample of J. 2 in CeH, is 0.2. The 
molality of J, in CH, is: 
(a) 0.32 (b).3.2 (c) 0.032 (d) 0.48 
[Hint: m= ap 10 m = molality 
"(1 ~ xg), = = mole fraction of slue 
_ 02 x 1000 = molar mass of solvent ] 
0.8 x 78 
. A15-volume sample of an H,O, solution is equivalent to: 
(a)5.30N ()1L77N (c)2.68N (d)7.50N 
[Hint V =5.6N 
15=5.6N 
N = 2.68] 


If P, is the vapour pressure of a pure liquid A au the mole 
fraction of A in the mixture of two liquids A and B is x, the 
partial vapour pressure of A is: ee 

(a) (1-x)Py  (b) xP, (c) — rh Py (dy Py 


Difference between diffusion and osmosis is: 

(a) a semipermeable membrane is required for osmosis while 

__ diffusion requires no semipermeable membrane — 

(b) in osmosis, movement of molecules is in one direction 
whereas in diffusion, the movement is on both sides 

(c) in osmosis ‘only the solvent moves while in diffusion 
solute and solvent both move 

(d) all of the above 


10. 
inn 
Roe mm 
Vapour a Vv 
pressure at eas 
of toluene P 
of benzene 
02 04 06 08 - 1 
Mole fraction of benzene 
Choose the correct option: 
(a) ‘A’ represents vapour composition and ‘B’ the liquid 


_ composition 

(b) ‘A’ as well as ‘B’ represent liquid composition 

(c) Both ‘ 4’ and ‘B’ represent vapour composition 

(d) ‘A’ represents liquid compere’ and ‘B’ the vapour 
composition 


ll. 


12. 


13. 


14. 


15. 


SOLUTIONS 


Insulin (C,Hj905),, is dissolved in a suitable solvent and the _ 


osmotic pressure (7) of solutions of various concentrations 
(g/cc) C is measured at 20°C. The slope of the plot of n against 
‘C’ is found to be 4.65 x 10°. The molecular weight of insulin 
is: 


(a) 48x10" (b) 9x10", (©) 310° (d) 517x108 
(Hint: 2¥ =~8 xRT 
My 
= -(%2) a2 
V mg 
pac x FZ x 1000 . 20 
Nip ‘ 


where C = concentration in g/cc, 
ypoxxm ... (ii) 
Comparing eqs. (i) and (ii), 
Slope = an x 1000 
My 


an x 1000 
~ Slope 


_ 0,0821 x 293 x 1000 

4.65 x 10° 

"=5.17 10°] 

Solubility of deliquescent substances in water is generally: 
(a) high (b) low 
(c) moderate (d) cannot be predicted 
(Hint: A deliquescent substance absorbs large ammount of water, 
hence solubility is very high.] 


Consider the following vapour pressure-composition graph, 
SP is equal to: 


Vapour 


0.2 04 06 08 1 
(a) PO + RS (b) PO + OR + RS 
(c) SR + SQ (d) PQ + OR 


yg of anon-volatile organic substance of molecular mass M is 


dissolved in 250 g benzene. Molal elevation constant of 
benzene is K,. Elevation in its boiling point is given by: 


M 4K yy. K K 
Or, oO “Oa OS 
5 
[Hint: AT =K, x 28% 1000 
tp X Wy 
= o * 1000 4Kay 
b°'Mx250 ~M 


Which of the following represents correctly the changes in 
thermodynamic properties during the formation of | mole of 
an ideal binary solution? 


Jmor 0 Jmort 0 | 
. Mole fraction Mole fraction 
(a) (b) 
Jmor i | Jmort 0 | 
Mole fraction Mole fraction 
(c) (d) 


16. A solute forms a pentamer when dissolved in a solvent. The 
van’t Hoff factor ‘i? for the solute will be: 
(a) 0.2 (b) 0.8. (c) 0.5 (d) 0.6 

17. What is the molarity of HCl in a solution prepared by 
dissolving 5.5 g HCl in 200 g ethanol if the density of the 
solution is 0.79 g mL7!? 


(a)21M (b)0.93M  (c)6x10*M(@d)1.7M 
(e) 0.58 M 
(Hinge: ps OD 5 FS reais tat, 
0.79 
__ Wz X 1000 
Mp XV 
ck een Sg 
36.5 x 260.13 


“18. Which statement about the composition of vapour over an 


ideal 1:1 molar mixture of benzene and toluene is correct? 
Assume the temperature is constant at 25°C. 
Vapour pressure data (25°C): 
Benzene 75 mm Hg 
Toluene 22 mm Hg 
(a) The vapour will contain higher percentage of benzene 
(b) The vapour will contain higher percentage of toluene 


(c) The vapour will contain equal amount of benzene and 
toluene 


(d) Not enough information is given to make a prediction 
[Hint: A: Benzene B: Toluene 


P=P4* Pp ‘ 
P= PaX4t Pg Xz 


=15x4422x4 
2 2 
= 375+ 11=48.5 


Mole fraction of benzene in vapour, y, = ~4 =-—— = 0.78 
P 


Similarly, mole fraction of toluene in vapour, y, = 0.22 
. The vapour will contain higher percentage of benzene. ] 
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When 1.2 g of sulphur is melted with 15 g of naphthalene, the 
solution freezes at 77.2°C. What is the molar mass oF this form 
of sulpbur? 

Data for naphthalene: 

Melting point (m.pt.) 

Freezing point depression constant Ky - 


(a) 180 g mol™ (b) 190 g mol 
(c) 260 g mol! (d) 450 g mol! 
[Hint: AT = K, x “21000 

: ee Mp X Wy 

Ky wy X 1000 

AT Wy 
_ 68 1.2.x 1000 
“28° 15 


80°C 
6.80 K m7 


mM; = 


= 190] 


Which concentrations can be calculated if the mole action , 


_ and density of an aqueous solution of HCl are known? 


1. Molality 2.Molarity 3. Percentage by mass 
(a) 1 only ‘(b) 3 only 
(c) land2 only . (d) 1, 2 and3 | 


. The vapour pressure of a liquid in a closed container depends 


on: 
(1) temperature of liquid (2) quantity of liquid 
(3) surface area of the liquid e 
- (a) 1 only {b) 2 only 
. (c) 1 and 3 only (d) 1, 2 and 3 


“ade 


A solution is prepared by dissolving a 2.5 g sample of an 
unknown compound in 34 g of benzene (C,H, ) boils at 1.38°C 
higher than pure benzene. Which expression gives the molar 
mass of the unknown compound? 


Compound K, 
CoH 253°C m! 
2.50 34 
a) 2.53 x —— bab h oa oe 
(a) 138 (b) 553 
(25x10 x23 % 1 250x107 x 138 x 2.53 
| “34 34 


23. 


If liquids A and B form an ideal solution: 


_ (a) the free energy of mixing is zero - 


2 (b) the free energy as well as entropy of mixing are zero 
-(c) enthalpy of mixing is Zero 


- 24, 


25. 


26. 


(d) the entropy’ of mixing is zero 

Solute A is a- ternary electrolyte and solute B is a 
non-electrolyte. If 0.1 Mf solution of B produces an osmotic 
pressure of 2P at temperature 37 K then 0.05'M solution of A 
at T K will produce an osmotic pressure of: . 

(a) P (b) 1.5P (c) 2P - (d) 10P 

Which of the following plots represents the behaviour of an 
ideal binary liquid solution? 

(a) Plot of F,.4 v8 ¥, (mole fraction of 4 in srl is linear 
(b) Plot of Pra VS Yg is linear 

(c) Plot of 1/ Piggy vs yy is linear 

(d) Plot of 1/ Prorat VS yp, isnon-linear _ 

Total vapour ee of mixture of 1 mol 4 ( p% A= = 150 torr) 


and 2 mol B( p$ = 240torr) is 200 torr. In this case: 


27. 


29. 


' (Hint: 


(a) there is positive deviation from Raoult’s law ~ 
(b) there is negative deviation from Raoult’s law 
(c) there is no deviation from Raoult’s law 


(d) molecular masses-of A and B are also required for 
calculating the deviation 


2 

Hint: X4=—~ Xp =— 

[ AaB BH 
P= p4%4+ Dp Xp 


=150x 5 + 240% = = 50+ 160 = 210 mm 


Pexp. < Pcalenlated 
.. There is negative deviation from Raoulit’s law.] 

A compound MX, has observed and- normal molar masses 
65.6 and 164 respectively. Calculate the rent degree of 
ionization of MX: 

(a) 75% (b) 85% (c) 65% 
[Hint: es Normal molar mass 

Observed molar mass 


(d) 25% 


ee n= 3 (number of ions) 


. Percentage ionization of MX, will be 75%.] 
28. 


Compound PdCl,-6H,O is a hydrated complex; 1 molal 


aqueous solution of it has freezing point 269.28 K. Assuming 


100% ionization of complex, calculate the molecular formula 
of the complex (K, for water = 1.86 K kg mol‘): 


(a) [Pd(H,O), ICl, (b) [Pd(H,0), C1, JCI, - 2H,0 
_ (€)[Pd(H,0);C1;]C1-3H,0 (d) [Pd(H,0),C1,]-4H,0 
[Hint: AT =ixKyxm . ; 
(273 ~ 269.28) = i x 1.86X1 
3.72 =i X 1.86 
i=2 
i-1 
Qa= 
n-l 
|= == ot n=2 


Thus, the complex should give two ions in the solution, i.2, the 
complex will be [Pd(H,0),C1,]C1-3H,0] 
Inulin is dissolved in suitable solvent and the osmotic pressure 


.(t) of solutions of various concentrations (g/em? )'C is 


measured a 279C. The slope of plot of x against C is found to 


be 4.1x 10°. The molecular mass of inulin is: 


(a)6x10° = (b) 3x 10° 


mV =nRT 


(c)6x103 — (d) 3x 10° 


mv =“ er 
m 


. x-(2)xLar 
V m 


ec) 
y=MX Gi) 


30. 


31. 


32. 


33. 
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" Slope of the line will be Le 


RT 


ihe, —~=4.1x 102 
m 
RT 9.0821 x 1000 x 300 
41x102 4.1x 10% 
=6x10°] i 


pH of a 0.1 Mf monobasic acid is measured to be 2. Its osmotic _ 
- pressure at a given temperature : T Kis: 


(a) 0.1RT (b) O.LIRT () LAR (d) 0.01RT 
[Hint: _H4 == H* + A7 
t=0 C 0 0 
be C-Ca Ca Co 
[H* ]=Co; [H* ]= 1078 
Co = 107 ‘ 
0.10 =1077 
a=0.1 
Gat pie 
n-l 2-1 
i=11- 
nm =iCRT 


=11x 01x RT =O.11RT ] 
The amount of ice that will separate on cooling a solution 
containing 50 g of ethylene Biyeoh in 200 g water at ~9.3°C, 
K, = 1.86K kg mol”: 


(a)38.71g (b)38.7img (c)42g (d) 42mg 
‘ wz X 1000 
[Hint: AT = K, x ————_ 
Mp x Wy 
Gatton oe 
62 X x Wy 


_ wy =161.29g (amount of water present at — 93°C) 
. Amount of ice separated = 200 ~ 161.29 
= 38.71 g] ° 
2 moles each of liquids 4 and B are dissolved to form an ideal 


solution. What will be the mole fraction. of B in the vapour 
aie 


p', =120torr; p? = 80 torr. 

(a) 1/4 () 1/2 

[Hint: P= Ps + Pp 
p= paxst ve Xp 


=120x2 + 80x = 
4 


% 


(c) 3/5 -(d) 2/5 


ed ais 


yg = mole fraction of B in the vapour phase 
Pe AO 2 ] 
Prorat 100 5 
Lowering of vapour pressure in | molal aqueous solution at 
100°C is: 


(a) 13.44 mm Hg (b) 14.12 mm Hg 
‘(c) 31.2 mm Hg (d) 35.2 mm Hg 
[Hint: Molality and mole fraction are related as follows: 


34. 


35. 


36. 


37. 


38. 
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m= 28-* 1000 . att 
(1- xg )m4 Xp = mole fraction of solute 
— Xp X 1000 m, = molar mass of solvent 
(1 xp) x18 oe 
- xp =0.0176, x4 = 0.9824 - 
P= PoXs ; : 
p= 760 x 0.9824 
= 746.624 
Ap = py ~ p= 760 ~ 746.624 
. = 13.4 mm Hg] 


The temperature at which the molarity oF pure water is equal 
to its molality is: 


(a) 273 K 

(c) 277K 

Isopiestic solutions have: 
(a) same vapour pressure (b) same osmotic pressure 

(c) same freezing point (d) same boiling point 
Molarity and molality of a solution of caustic soda are 
respectively 11.12 M and 94.12 m. The density of the solution 
is: 
(a) 0.556 g mL! 
(c) 55.6 g mL! 


©) 298 K 
(d) none of these 


(b) 5.56 g mL! 
(d) none of these 


(Hint: d=M (4 + 
m 


molar mass of salut) 
1000 


d= u(t + rad 

94.12 1000 

= 0.556 g mL") 
Which of the following solutions has osmotic pressure nearer 
to that of equimolar solution of K,[Fe(CN),]? 
(a) Na,SO, (b) BaCl, 
(c) Al,(SO4)s DCypHyO}, © 
Equal amounts of a solute are dissolved in equal amounts of 
two solvents 4 and B. The lowering of vapour pressure for the 
solution A is twice the lowering of vapour pressure for the 
solution B. If M, and M, are the molecular weights of 


_ solvents A and B respectively, then: . 


(My = My /2 
_ (d) My = 2M, 


(a)M,=Mz, 
(c)M, =4M, 


- Following questions may have more than one correct options: 


1. Consider the following solutions: 


I. 1 Msucrose. IL 1 MKCL 
Ill. 1 M benzoic acid in benzene IV. 1 M (NH3)3 FO; 


. Which of the following is/are true? 


(a) All solutions aré isotonic 

(b) HI is hypotonic of I, II and IV 
(c) I, IL and III are hypertonic of IV 
(d) IV is hypertonic of I, Il and III 


. Osmotic pressure of the solution depends on: 


(a) nature of solute 

(b) nature of solvent 

(c) temperature 

(d) molar concentration of solute 
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3. The following is a graph plotted between the vapour pressures 
of two volatile liquids against their respective mole fractions. 


PB. 
Vapour pe Vapour 
pressure pressure 
Xa=1 Xq=0 
Xp=0 Xg=1 


Which of the following statements are correct? 


(a) When x, =1 
- (b) When xz =1 
(c) Whenx, =1 


and x, = 0, then p= p% 
and x, =0,then p = p$ 
and x, = 0, then p< p) 


(d) When x, =1 and x, =Q then p> Py 
. Which of the following combinations are correct for a binary 


solution, in which the solute as well as solvent are liquid? 
(a) CoH, and C;H,CH,; AH,,, > 0; AMs,, = 0 
O 


| 
(c) H,O and ACI; AAs, > 0; AMVs, < 0 
(4) H,0 and C,H;0H; AHs., > 05. AV sa, > 0 


. Asolution containing 0.1 g ofa non-volatile organic substance 
P (molecular mass 100) in 100 g of benzene raises the boiling 
point of benzene by 0.2°C, while a solution containing 0.1 g of 
another non-volatile substance Q in the same amount of 
benzene raises the boiling point of benzene by 0.4° C. What is 


the ratio of molecular masses of P and Q? (SCRA 2007) 
(a) 1:2 (b) 2:1 (c) 1:4 (d) 4:1 

“( wg X 1000 
paint: EDe - eee 


T)o , -( oe 
2 


My X Wy 


nc 
sed cass > 
04 ( StesoMn) 

100 x ma 0 


mp = 50 
‘(mg )p + (mg )g = 100: 50 
=2:1] 

. Consider 0.1 M solution of two solutes X and Y.The solute X 
behaves as uni-univalent electrolyte while -the solute Y 
dimerises in solution. Which of the following statements are 
correct regarding these solutions? 

1. The boiling point of solution of X will be higher than that 

of Y 


10. 


2. The osmotic pressure of solution of ¥ will be lower than 
that of X 


3. The freezing point of the solution of X will be fower than 
- that of Y 


4. The relative lowering of vapour pressure of both the 
solutions will be the same 


Select the correct answer from the codes given below: 
(a) 1, 2,3 (b) 2, 3,4 (c) 1, 2,4 (d) 1, 3,4 


. For a given value of degree of dissociation, which of the 


following have correct van’t Hoff factor? 


(a) NaCl i= 2+ 
(b) Ca(NO,), i=1+2o 
(c) K,[Fe(CN) ¢] i=1+4a 
(d) (NH;)3 PO, i=3+a 


» 1 mole benzene ( Penis = 42 mm) and 2 mole toluene 


(Poivene = 36mm) will have: 


(a) total vapour pressure 38 mm 


(b) mole fraction of vapours of benzene above liquid mixture 
is 7/19 , 


(c) positive deviation from Raoult’s law 
(d) negative deviation from Raoult’s law 
[Hint: p= px, + py xX, A— Benzene, B > Toluene _ 


= 42x14 36x2 
3 3 


= 214 | = 38 mm 
3 
Mole fraction of benzene in vapour = Poensene _ 42/3 
Porai 38 


=7/19] 


. The decrease in freezing point of an aqueous solution of a 


substance is 1.395 K and that in the freezing point of a 

benzene solution of the same substance is 1.28 K. The 

substance: 

(a) dissociates in aqueous solution as well as in the benzene 
solution 

(b) forms complexes in the solution 

(c) associates in the benzene solution 

(d). dissociates in the aqueous solution and not in the benzene 
solution 

The vapour pressure of water at 7 (K) is 20 mm Hg. The 

following solutions are prepared at T (K): 

I. 6 gofurea (mol. wt. = 60) is dissolved in 178.2 g of water. 
II. 0.01 mole of ghicose is dissolved in 179.82 g of water. 
IIL. 5.3 g of Na,CO, (mol. wt. = 106) is dissolved in 179.1 gc of 


water. 

Identify the correct order in which the vapour pressures of 
solutions increase: [EAMCET (Medical) 2006] 
@mULLl ® LILI @ LIM d@d Lui 
[Hint: : 

L ger Ap = 6/60 + 6 

nytng 1782/18 60 
=0.01 
ed =Xp = 0.01 


Po 
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IL xe=—e— =O - 15 UL. Consider ‘lowering-‘of vapour. pressure (Ap), elevation in 
: nyt ny . 179.82 + 0.01 ; boiling point (AT; ) and depression in freezing point (AT, )of 
18 a solvent for the same molar concentration of each of the 
= 0.001 following three solutes : 
Po Which of the following is/are the correct sequence? 
fie 53/106 _ 9 095 . . . (SCRA 2009) 
fy + Ng V9.1 5.3 (a) Ap:3<2<1 ~ (b) AT, :1>2>3 
ae 18 106 (c) AT, : 3<2<1 (d) None of these 
Ap ., [Hint : van’t Hoff factor of both BaCl, and MgCl, are same, i.e., 
Py ae 3, hence none of the given sequence are correct. ] 
= 3x 0,005 
= 0.015 
Vapour pressures of solutions will increase in the following 
sequence: © 


(il) < @) < dD.) 


8 Single correct option _ | ) 
1. (b) 2. (d) 3. (a) 4. (a) 5. (b) 6. (b) 1. (c) 8. (b) . 


9. (d) 10. (c) 11. (d) 12. {a) 13. (c) 14. (b) 15.6) 16. (a) 
17. (e) 18. (b) 19. (b) _ 20. d) 21. (a) 22. (c) 23. (c) 24. (a) 
25. (c) 26. (b) . 27. (a) 28. (c) 29. (a) 30. (b) 31. (a) 32. (d) 
33. (a) 34. (c) 35. (a) 36. (a) 37. (c) 38. (b) 

@ One or more than one correct options ; 
1. (b,c, d) 2. (c, d) 3. (a,b) — 4. (b, d) 5. (b) 6. (a) 7. (b,c) 8. (a, b) 


9. (c,d) 10. (a) 1. @) 
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e Passage 1 
_. a4 1.24 M aqueous solution of KI has density of 1.15 g/cm’. 


Answer the following questions about this solution: 


1. Percentage composition of solute in the solution is: 


(a) 17.89 (b) 27.89 (c) 37.89 (d) 47.89 
2. Molality of this solution will be: 
(a) 2.61 (b) 1.31 (c) 4.12 (d) 3.12 


3. What is the freezing point of the solution if ‘the KI is 
completely dissociated in the solution? 


(a) — 4.87°C (b) — 3.22°C 
(c) — 1.22°C (d) None of these 

4. Experimental freezing point of the solution is — 4.46°C. What 
% of K1 is dissociated? 
{a) 82% (b) 90% (c) 83% (d) None 

5. Normality of this solution is: 
(a) 0.62 (b) 1.24 (c)2.48  - (d)3.72 

@ Passage 2 


The colligative properties of electrolytes require a slightly 
different approach than the one used for the colligative properties of 
non-electralytes. The electrolytes dissociate into ions in a solution. It 
is the number of solute particles that determines the colligative 
properties of a solution, The electrolyte solutions, therefore, show 
abnormal colligative properties. To account for this effect we define 
a quantity called the vant Hoff factor, given by: 


Actual number of particles in solution after dissociation 


z Number of formula units initially dissolved in solution 
i= 1( for non- electrolytes); 
i>1( for electrolytes, undergoing dissociation } 
i<1( for solutes, undergoing association ). 


. Answer the following questions: 


1. Benzoic acid undergoes dimerisation in benzene solution. The 
van’t Hoff factor ‘i’ is related to the degree of association ‘a’ 
of the acid as: 

(aji=l-~a 


7 og 
(cji=1 5 


(b)i=1l+a 
sa14% 
Qiele: 


2. A substance trimerises when dissolved in a solvent 4. The 
van’t Hoff factor ‘i’ for the solution is: 


(a) 1 (b) 1/3 . 
_(c)3 (d) unpredictable 
3. For a solution of a non-electrolyte in water, the van’t Hoff 
factor is: 
(a) always equal to 0 (b) <1 
(c) always equal to 2 (d) > lbut < 2 
4. 0.1 M K,[Fe(CN),] is 60% ionized. What will be its van’t 
Hoff factor? 
(a) 1.4. (b) 2.4 (c) 3.4 (d) 4.4 


’ 2@ LINKED. COMPREHENSION TYPE QUESTIONS. @= <4 


(Hint a= ae n= Ssince, K,[Fe(CN),] gives 5 
i? ions in the solution 
i-l : 
0.6 = —— 
§-1 
i=34] 


5. A solution of benzoic acid dissolved in benzene sich that it 
undergoes molecular association and its molar mass - 
approaches 244, Benzoic acid molecules will exist as: 

(a) dimer (b) monomer 
(c) tetramer (d) trimer 

6. The molar mass of the solute sodium hydroxide obtained from 
the measurement of the osmotic pressure of its aqueous 
solution at 27°C is 25 g mol”!. Therefore, its dissociation 


percentage in this solution is: [CET (J&K) 2009] 
(a) 75 (b) 60 
(c) 80 ({d) 70 
(Hint: _ Normal molar mass mo) 


Abnormal molar mass 


n-1 
i=1+ 0 for binary electrolyte 


itu’ a=06 
25 


% ionisation = 60 | 


@ Passage 3 


Many chemical and biological processes depend on osmosis 
which is, the selective passage of solvent molecules through a porous 
membrane from a dilute solution to a more concentrated one. The 
osmotic pressure % depends on molar concentration of the solution 
(1% = CRT ). If two solutions are of equal solute concentration and, 
hence, have the same osmotic pressure, they are said to be isotonic. 
If two solutions are of unequal osmotic pressures, the more 


- concentrated solution is said to be RUPEES and the more diluted 


solution is described as hypotonic. : 

Osmosis is the major mechanism for transporting water upward 
in the plants. Transpiration in the leaves supports the transport 
mechanism of water. The osmotic pressure of seawater is about 30 
atm; this is the pressure that must be applied to the seawater 
(separated [from pure water using a semipermeable inembrane) to get 
drinking water. : 

Answer the following questions: 

1. A plant cell shrinks when it is kept in: 
(a) hypotonic solution (b) hypertonic solution 
(c) isotonic solution (d) pure water 

2. 4.5% solution of glucose would be isotonic with respect to 
soles solution of urea. 
{a) 4.5% (b) 13.5% 
(c) 1.5% (d) 9% 

3. Glucose solution to be injected into the bloodstream must have 
same ..... as that of the bloodstream. 
(a) molarity (b) vapour pressure 

" (c) osmotic pressure (d) viscosity 
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4. Isotonic solutions have same: 
(a) density 
(c) molality 
(e) normality 

5. Osmotic rise of a solution depends on: 
(a) density (b) temperature 
(c) nature of solvent (d) none of these 


(b) molarity 
(d) mole fraction 


e Passage 4 


Compartments ‘A’ and ‘B’ have the Salbwwine combinations of 
solutions: 


A . B 
1. 0.1 MKC! 0.2 M KCI 
2. 0.1% (n/V ) NaCl 10% (m/V ) NaCl 
3. 18 g/L glucose 34.2 g/L sucrose 
4. 20% (m/V ) glucose 10% (m/V ) glucose 


Answer the following questions: 
1. Indicate the solutions which is/are isotonic: 


_ (a) 1 only (b) 3 only (c) 4 only (d) 2 only 
2. The solutions in which the compartment ‘B’ is hypertonic: 
(a) 1,2 -(b) 2,3 (c) 3, 4 (d) 1,4 


3. Indicate the solution(s) in which the compartment ‘A’ will 
show the increase in volume: 
(a)1 (b) 2 (c)3_ (d)4 

4. Indicate the solution(s) in which the compartment ‘B’ will 
show the increase in volume: 
(a) 1,2,4 (b) 1,2 (c) 2,3 (d) 3,4 

5. The solution in which there will be no change in the level of 
the solution in the compartments ‘A’ and ‘B’ is: 
(a) 1 (b) 2 (c)3 (d) 4 


e Passage 5 


The boiling point elevation and the freezing point depression of 
solutions have a number of practical applications. Ethylene glycol 
(CH,OH -CH,OR ) is used in automobile radiators as an antifreeze 
because it lowers the freezing point of the coolant. The same 
substance also helps to prevent the radiator coolant from boiling 
away by elevating the boiling point. Ethylene glycol has low vapour 
pressure. We can also use glycerol as antifreeze. For boiling point 
elevation to occur, the solute must be non-volatile, but no such 
restriction applies to. freezing point depression. For example, 
methanol (CH,OH ), a fairly volatile liquid that boils only at 63°C is 
sometimes used as antifreeze in automobile radiators. 

Answer the following questions: 

1. Which of the following is a better reagent for depression in 

freezing point but not for elevation in boiling point? 


CH,OH 
CH,0H | 
(a)CH,OH_ (b) | (c) CHOH — (d) CgH,,0¢ 
CH,OH - | 
CH20H 


2. 124 g each of the two reagents glycol and glycerol are added 
in 5 kg water of the radiators in the two cars. Which of the 
following statements is wrong? 

(a) Both will act as antifreeze 

(b) Glycol will be better 

(c) Glycerol is better because its molar mass is peager than 
glycol —— ; 

(d) Glycol is more volatile than glycerol 

3. 620 g glycol is added to 4 kg water in-the radiator of a car. 
What amount of ice will separate out at — 6°C? K ; = 1.86K 
kg mol?!: ; 

(a) 800 g (b) 900 g (c) 600 g (d) 1000 g 

4. If cost of glycerol, glycol and methanol are same, then the 
sequence of economy to use these compounds as antifreeze 
will be: 

(a) glycerol > glycol > methanol 
(b) methanol > glycol > glycerol : 
. (c) methanol = glycol = glycerol 
(d) methanol > glycol < glycerol 
5. Which among the following is the most volatile and the best . 


antifreeze? 
(a)CH,O0H (b)C,H,OH (c)Glycol — (d) Glycerol ~ 
e Passage 6 ~ 


The solutions which boil at constant temperature like a pure 
liquid and possess.same composition in liquid as well as vapour state 
are called azeotropes. The components of azeotropes cannot be 
separated by fractional distillation. Only non-ideal solutions form 
azeotropes. Solutions with negative deviation form maximum boiling 
azeotrope and the solutions with positive deviation form minimum 
boiling azeotrope. Boiling point of an azeotrope is never equal igthe 
boiling points of any. of the components of the azeotrope. 

Answer the following questions: 
1. The azeotropic solutions of two miscible liquids: 
{a) can be separated by simple distillation 
(b) may show positive or negative deviation from Raoult’s 
law - : 
(c) are supersaturated 
(d) behave like single pure component and boil at a fixed 
temperature ; 
2. Solutions which distill without any chan s in cempontion or 
temperature are called: 
(a) saturated (b) supersaturated 
(c) ideal (d) azeotrope 
3. The azeotropic mixture of water and HCI boils at 108. eC. 

This solution is: 

(a) ideal © 

(b) non-ideal with positive deviation 

(c) non-ideal with negative deviation 

(d) cannot be predicted 
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4. 100 mL liquid A and 50 mL liquid B are mixed to form 138 mL 
; solution: It.is: 48 
". (a) ideal solution (b) high boiling azeotrope 
(c) low boiling azeotrope ‘ (d) none of these 
§, Which . among the following combinations is maximum 


' - boiling azeotrope? 
(a) H,O + CH;OH (b) CCl, + CHC1, 
(c) (CH;),CO+C,H;OH (d)H,O+HNO, 
e Passage 7 


The properties such as boiling point, freezing point and vapour 
pressure of a pure solvent change when solute molecules are added 
to get homogeneous solution. These are called colligative properties. 
Applications of colligative properties.are very useful in day-to-day. 
life. One of its examples is the use of ethylene’ glycol and water 
‘mixture as anti-freezing liquid in the radiator of automobiles. 

A solution M is prepared by mixing ethanol and water. 

The mole fraction of ethanol in the mixture'is 0.9! * 

Given .: Freezing point depression constant 
(Ky for Wien 1.86K kg mol” : 


Freezing point depression constant of ethanol (K, for ethanol ) 
= 2.0K kg mol! 


Boiling point elevation’ constant of water (K , for aie 
= 0.52K kg mol™! 


Boiling pom eave: constant of ethanol (K,, -for ethanol) 
= 1.2K kgmol! 
_ Standard freezing point of water = 273 | K 
Standard freezing point of ethanol = 155.7 K 
Standard boiling point of water = 373K 
Standard boiling point of ethanol = 351.5 K | 


of water 


Vapour pressure of pure water = 32.8 mm Hg 
Vapour pressure of pure ethanol = 40 mm Hg 
Molecular weight of water = 18g mol”! 
Molecular weight of ethanol = 46 g mol | 


In answering the following questions, consider the solutions to be 
ideal dilute solutions and solutes.to be non-volatile and 
non-dissociative. 


Passage 1. 1 2. (b) 3. (a) 
Passage 2. 1. (c) 2. &) 3. (b) 
Passage 3. 1. (b) 2. (©) 3. (©) 
Passage 4. 1. ), 2. (a) 3. (d) 
Passage 5. 1, (a) 2. (c) 3. (b) 
Passage 6. 1. (0, d) 2.@ 3. (c) 
" Passage 7. 1. @) 2. b) 3. (b) 


Answer the following questions: 
1. 
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The freezing point of the solution M is: 


(a)268.7K = (b)268.5K (c)2342K (d)1S0.9K | 
The vapour pressure of the solution M is: 

{a) 39.3 mm Hg (b) 36.0 mm Hg 

(c) 29.5 mm Hg (d) 28.8 mm Hg 


Water is added: 10: ‘the:solution M such that the mole fraction of 
water in the solution becomes ‘0.9: The Boiling point of this 
solution is: 


(a) 380.4K = (b) 346.2 K (c) 375.5 K (d) 354.7 K 
(IT 2008) 
. [Hint: ; 
1. Molalityns 22s Bt 
(l-xg)m, 09x46 

= 2.415 

= Ky xm - 

22 : 2.415 = 4.83 


Freening point of polunce = 155.7 —4.83 = 150.9K 
2.0 pS pe x4 
, = 40x 0.9 = 36mm Hg 


3. When water becomes solvent, the molality of solution 
willbe: 
_ Xp X100 (0.1 1000 


= = 6:172 
0.9x 18 


AT = K, x m=0.52 x 6.172 = 3.209 
Boiling point of solution = 373 + 3.209 
= 376.2 K] 


Xq XM, 


4. (c).° 5. (b) 

4, (c) 5.@ 6. (b) F 
4, (b) 5. (a, b) : 

4, (b) 5, (c) 

4, (b) ‘ 5, (a) 

4, (b) 5. (d) 
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ASSIGNMENT NO. 5 
SECTION-I 10. A solution of 7.45 g KCl in 1000 mL shows osmotic pressure 


Straight Objective Type Questions 


This section contains 12 multiple choice questions. Each 
question has 4 choices (a), (b), (c) and (d), out of which only 
one is correct. 

. The relative lowering of vapour pressure of a dilute aqueous 
solution containing non-volatile solute is 0.0125. The molality 


of solution is about: _ [PET.(Kerala) 2007] 
(a) 0.70 (b) 0.50 (c) 0.90 (d) 0.80 
(ce) 0.60 


. Ifthe elevation in boiling point of a solution of 10 gm of solute 
(mol. mass = 100) in 100 g of water is AT,, the ebullioscopic 


constant of water is: {PET (Kerala) 2007} 
(a) 10 (b)1007, (AT, (ae se 
- (e) 10%, . 


. Which one of the following aqueous-solutions will exhibit 
highest boiling point? ; (DPMT 2009) 
- (a) 0.1. M KNO, ' (b) 0.1 Na;PO, 
(c) 0.1.M BaCl, (d) 0.1.M K,SO, 
. A solution containing 10 g per dm? of urea (molecular mass 
= 60 g mol” Vis isotonic with a 5% solution of a non-volatile 
solute. The molecular imass of this non-volatile solute is: 
: see oe (AIUIMS 2007) 
©) 350 g mol”! 
(d) 250 g mol 4 


(a) 300 g mort 
(c) 200 g mol! 


. The molarity of 5 molal saneons solution of NaOH having 


density 1.2 g / ec is: 

(a)5 M (b)4.1M © 6M (d) 8M 
. The value of osmotic pressure does not depend on: 
(a) concentration of solution , 

(b) van’t Hoff factor 

(c) temperature 

(d) structure of solute particles 

. Henry’s law constants for O, and N, are: 


ko, = 3.3X 10, ky, = 6.51x 107 


x beat of 

Calculate the ratio of me a i.e., the ratio of mole fractions of 
My 2 : 

-O, and N, dissolved in water at 25° C from air: 

(a) 0.62 (b) 0.92 (c) 0.42 (d) 0.52 

. The molal lowering of vapour pressure of water at 100°C is: 


(a) 13.68 mm (b) 46 mm 

(c)65 mm (d) 13:68 cm 

. USP ethanol in aqueous solution in containing 95% ethanol by 
volume. At 20°C, pure ethanol has a density of 0.789 g/mL 
and USP ethanol density 0.813 g/mL. What is the mass 
percentage of ethanol in USP ethanol? 


(a) 46% (b) 90% (c) 86% (d) 92.3% | 


11. 


12. 


of 4.68 atm at 300K. Calculate me percentage dissociation of 
KCI: 

(a) 70% (b) 80% (c) 90% _ (d) 10% 

The mass of glucose that should be dissolved in 50g of water 
in order to produce same lowering of vapour pressure as is 


_ produced by dissolving 1 g of urea in the same quantity of 


water is : _ [MGIMS (Wardha) 2008] 
(alg (b) 3g (c)6g ° (d) 18g 
Consider the following aqueous solutions and assume oe 


ionisation in electrolytes : 
I. 0.1 m urea 


- IL, 0.04 m Al, (SO, ); 

TH 0.05 m CaCl, IV. 0.005 m NaCl 

The correct statement regarding the above solutions is : 
[BHU (Mains) 2008] 

(a) freezing point will be lowest for solution I s 


_ (b) freezing point will be highest for solutionTV 


(c) boiling point will be highest for solution IV 
(d) Vapour pressure will be highest for solution IT 


SECTION-II 


Multiple Answers Type Objective Questions 


13. 


14. 


15. 


16. 


K,Hgl, is 50% ionised in aqueous solution. Which of the 


following are correct? 


{ajn=7- (b)n=3 (c)i=2 (@i=4 
Henry’s law is invalid for Gases LIKE... eserves . 
(a) CO, (b)SO, ——(c) HCI ‘dN, 


The azeotropic mixture of two liquids: 

(a) boils at constant temperature 

(b) can be separated by simple distillation 
(c) is super saturated © 

(d) deviates from Raoult’s law 

Cryoscopic constant of a liquid depends on: 
(a) the latent heat of fusion of solvent 


(b) the freezing point of solvent 


(c) the concentration of solution 
aes the melting point of solute 
- Which of the following is/are influenced by the temperature? 


"G5 Freezing point (b) Boiling point 
(c) Vapour pressure . (d) Osmotic pressure 
SECTION-UL.-- 


Assertion-Reason Type Questions 


This section contains 5 questions. Each question contains 

Statement-1. (Assertion) and Statement-2 (Reason). Each 

question has following 4 choices (a), (b), (c) and (d), out of 

which only one is correct. 

(a) Statement-1 is true; statement-2 is true; statement-2 is a 
correct explanation for statement-1. 
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18. 


19. 


20. 


21 


22, 


(b) Statement-| is true; statement-2 is true; statement-2 is not 
, a correct explanation for statement-T. 

(c) Statement-1 is true; statement-2 is false.. 

(d) Statement-1 is false; statement-2 is true. 

Statement-1: Solubility of ionic compounds in water depends 

on both the lattice energy and the hydration energy. 

Because 

Statement-2: Ionic compounds dissolve in water when their 

hydration energy exceeds the lattice energy. 

Statement-1: Isotonic solutions have 

concentration. 


same molar 


Because 
Statement-2: Solutions which have same osmotic pressure at 
same temperature are known as isotonic solutions. 
[Hint: It is not necessary that solutions at same molar 
concentration have sane osmotic pressure, eg., 
™(0.1M NaCl) > 2(0.1 M glucose) because NaCl is ionised] 
Statement-1: The vapour pressure of 0.1 al Hg,Cl, is Sanat 
to 0. 1M a solution. 
Because 
‘Statement-2: 0.1.M@ AICI, and 0.1 Hg,Cl, give different 
numbers of ions in a solution. 
Statement-1: Elevation in boiling point will be high if the 
molal Glevstion constant of solvent is high. 
Because 
Statement-2: Elevation in boiling point is a colligative 
" property. 
Statement-1: Ethylene glycol is used as antifreeze for the 
radiator of a car. 
Because 
- Statement-2: Ethylene glycol dissolves in water with the help 
of hydrogen bond and it lowers the freezing point. 


- SECTION-IV 


Matrix-Matching Type Questions 


. This section contains 3 questions. Each question contains 
statements given in two columns which have to be matched. 


A. (a) 2 (c) 3. (b) 4, (a) 
9. @) 10. (c) 11. (b) 12. (b) 
17. (c, d) 18. (a) 19. (d) 20. (d) 


24. (a-s) (b-q) (c-p) (4-1) 25. (a-t,s) (b-p,s) (c-q) (d-q) 
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Statements (a, b, c and d) in Column-I have to be matched with 
statements (p, q, r and s) in Column-Il. The answers to these 
questions have to be appropriately bubbled as illustrated in the 
following examples: 

If the correct matches are (a-p,s), (b-q,r), (c-p,q) and (d-s), 
then correct bubbled 4 x 4 matrix should be as follows: 


P qisre°s 


23. Match the Column-I with Column IT: 


Column-I Column-Il 
(a) CCL, + CHCL, (p) Raoult’s law 
(b) CgHg +H,O = (q) Nearly ideal solution 
(c) py <x, (r) Negative deviation from Raoult’s law 
(d) ps < pix, .  (s) Positive deviation from Raoult’s law 


24, Match the Column-I with Column II: 


Column-I Colump-II — 
(Species completely ionised) (van’t Hoff factor) 
(a) Hg,Cl, (p) 5 
(b) K;[Fe(CN)¢] (4 
(c) Ca;(PO,), 2% (r)1 
(d) glucose ; (s)3 
25. Match the Column-I with Column I: 
Column-I Column-IT 
(a) Mole fraction (p) mol kg” 
(b) Molality (q) Depends on temperature 
(c) Molarity (r) Unitless 
(d) Normality (s) Independent of temperature 
5. (a) 6. (d) 7. (d) 8. (a) 
13. (b, c) 14. (a, b, c) 15. (a, d) 16. (a, b) 
21. (b) 22. (a) 23. (a-q) (b-s) (c-p, q) (d-r) 


61 INTRODUCTION 


The foundation of colloid chemistry was laid down by an English 
scientist, Thomas .Graham, in 1861. The credit for the various 
advances in this field goes to eminent scientists like Tyndall, 
Hardy, Zsigmondy, N.R. Dhar, S.S. Bhatnagar and others. 

Thomas Graham classified the soluble substances into two 
categories depending upon the rate of their diffusion through 
animal and vegetable membranes or parchment paper. He 
observed that certain substances diffuse freely through the 
membrane, whereas others do not diffuse. The former type of 
substances on account of their crystalline nature like common 
salt, sugar, urea, etc., were named crystalloids while the second 
type of substances were termed as colloids (Greek word, Kolla, 
meaning glue-like). All inorganic acids, bases and salts and 
organic compounds such as sugar, urea, etc., were included in 
crystalloids while substances such as starch, gelatin, gums, silicic 
acid, etc., belonged to the colloidal group. 


4 


It was soon realised that the above classification was not 
perfect since many crystalline substances can be converted into 
colloidal form by suitable means. The colloidal form of sodium 


chloride, a crystalloid, can be obtained in benzene. Silver, copper, = 


gold, etc., which are completely insoluble in water, can be 
transformed into colloidal state by suitable methods. X-ray 
examination of certain colloids like glue and gelatin revealed that 
these were crystalline in nature. Thus, the above classification 
was discarded, i.e, the term colloid does not apply to a 
particular class of substances but is a state of matter like 
solid, liquid and gas. Any substance can be brought into 
colloidal state by suitable means. 


6.2. PARTICLE SIZE AND COLLOIDAL 
STATE 


The colloidal state depends on the particle size. It is regarded as. 
intermediate state between true solution and suspension. In 


Table 6.1 Comparison of Suspensions, Colloids and True Selutions 


S.No. Property Suspension 


Colloid True solation 


1. Particle size > 107 cm or 10° A or 100 mp 


107 cm to 10> cmorl0A told? A 
or 1 mp to 100 my 


<1077 omor 10 Aor 1 my 


2. Visibility Visible with naked eye Visible with ultramicroscope Not visible with any of the optical 
means 
3. Separation 
(a) with filter paper Possible Not possible Not possible 
(b) with membranes Possible. Possible Not possible 
. Diffusion Does not diffuse Diffuses very slowly Diffuses rapidly 
5. _ Settling Settles under gravity Does not settle but it may settle under Does not settle 
. : centrifuge 
6. Nature Heterogeneous Heterogeneous Homogeneous 
7. Appearance _ Opaque Generally clear Clear 


Fy 
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true solutions, the size of the particles of solute is very small and, 
thus, these cannot be detected by any optical meang and freely 

diffuse through membranes while in suspensions t the' size of the 
particles is large enough and, thus, can be seen even by naked eye 
and do not pass through filter paper. 

True solutions are homogeneous systems while. suspensions 
are heterogeneous. Thesé are two extreme systems and the 
colloidal state is an intermediate between the two. If we start with 
particles of large size (suspension) and go on subdividing them 
till we reach the size of particles found in solution, there is 
continuous change in the characteristics. During transition, the 

‘mixture passes through an intermediate state which shares the 
characteristics of both. This has been shown in Fig. 6.1. 


100mp— tmp | 


10-10-%em 105 107ern 


Suspension 


Ooooo0eo9o 
oooorse 


41077-10-%em 


| Colloidal solution True solution. 


SEOSDSOSa| Vooso0000 
soooocoecoso ooocoocooss 


10°A — 10A 


- Fig. 6.1 
A system is said to be in colloidal state if particles of one or 
more components have the size range*. 10 A to 10° A. 
However, it is not possible to draw a sharp line of demarcation 
between colloidal state and suspension. The properties of one 
gradually appear into those of the other. Roughly speaking, the 


colloidal state is a heterogeneous dispersion of solute particles 


of size ranging between 10 A to 10° A into a solvent. . 


Some properties of the three systems (suspension ealtelds and 
true solutions) are summarized in ‘table 6. lL. 


‘63 TYPES OF COLLOIDAL SOLUTIONS 


8 


- The colloidal solutions consist of two-phases, one of which is 
dispersed in the other. This is called dispersed. phase, the 
internal phase or the discontinuous phase. The phase in which 
the dispersicn:4 is done is s termed dispersion. phase, the external 


S.No. Property 


phase or the continuous phase. This phase forms the larger part 
of the |colloidal solution, Depending upon the physical state of 
dispersed and dispersion phases, the types of eollpidat si 
given in table 6.2 are possible. | 
A colloidal solution of gas in gas is not posible as. gases are 
completely 1 miscible and always form true piNtens 


Lyophobic and Lyophilic Colloi : - 

Colloidal solutions in which the dispersédsplinié Has very little 
affinity for the dispersion phase are termed as  lyophobic (solvent 
hating) colloids. These are also termed suspensoids. Colloidal 
solutions of metals which have negligible affinity for solvents are _ 
examples of this type. Generally, lyophobic sols are less stable. 
On evaporation of solvent, the residue cannot be easily 
transformed back into colloidal state by ordinary means. 
Lyophobic colloids are, therefore, also called irreversible 
colloids. 


ae Table 6.2 00 om 
ei Dispersion . a ee 
‘Ss. No. wy - phase Name .. -.Examples. -. 
- Colloidal (Solvent) aia 
.. particles) . © a fet 7 -_ _ 
1. Gas. Liquid Foam _‘Froths of air 
2... Gas. = Solid *« — Solid foam Pumice stone, . 
; eet ni OE ‘* dried sea foam 
3. Liquid | Gas Liquid. — Cloud, 'mist 
aerosol 
4, Liquid.. Liquid Emulsion’ ‘Milk; cream fe 
5, Liquid Solid -° Gel * Jellies, curd, cheese 
6. Solid Gas. = Aerosol. ~~ Smoke, haze +: 
7. Solid Liquid Sol ~—_.Goldsol, sutphursol 
eo, _ Solid - — Solid-sol_ Ruby glass, minerals, 


gems - 


Colloidal solutions in which the "aiapaied: phase has. 
considerable affinity for the dispersion phase, i.e., colloidal 
solution, can be prepared by bringing them together, are called 
lyophilic (solvent loving) colloids. These are also known as 


* Table 63° Comparison of Evernote and Lyophilic Sols 


Lyophilic sols. (Emulsoid) 


-- Lyophobic sols (Suspensoid) 
1. Preparation = Carinot be easily prepared. Special methods 
; "are required | for preparation. 
2. Stability ‘Are less stable. 
3. Reversibility Are irreversible. 
4. Viscosity: . Viscosity is nearly the same as that of solvent, 
.5. Surface tension Surface tension is almost the same as that of 


the solvent. 

6. Hydration or solvation 
; affinity for solvent. - 

7. Charge 
positive or negative. 

8. Visibility , 
9. Coagulation 


*1A (Angstrom unit) =10-8 cm=107? mm=0.1 mu (millimicron) : 


"These are less solvated as the particles have less 
The particles carry a characteristic charge either 


- “Particles can be seen under microscope. 
Easily coagulated by addition of electrolytes. 


Can easily be prepared by shaking or warming 
the substance with solvent. 


Ate more stable. 

Are reversible. y 
Viscosity, is much higher than that of solvent. 
Surface tension is usually low. | 


These are highly solvated as the mors have 
great affinity for solvent. 


The particles have little or no charge at all. 


~ Particles cannot be seen under microscope. 
Cannot be easily coagulated. 


_ THE count STATE . 


eniailcosie’ Gelatin, proteins, starch, etc., are the eon of this | 
type. Colloidal solutions of this type are more stable and are also | 
known as reversible colloids since the residue left on evaporation | 
can be readily transformed back into colloidal state.simply by | 
adding solvent. When the dispersion medium is water, the above | 
colloidal solutions are termed as hydrophobic and hydrophilic. ' 
(For comparison, seei itable 6.3) 

The colloidal ‘solutions are algo named according to: the : 
dispersion phase or medium used. The colloidal solutions in * 
alcohol and benzene fe known as alcosols and benzosols 
respectively. The colloidal solutions; where 
-dispersion medium are called hydrosols ora 


ater is used as the 
mie 


Note: Colloidal solutions of solids in i dee abbrevisted as sols. 


6.4 PREPARATION OF COLLOIDAL 
SOLUTIONS 


1. Preparation of lyophilic sols: The colloidal sshitionis of 
lyophilic colloids like starch, glue, gelatin, |etc., can be readily 
prepared by dissolving these substances in water either in cold or 
_ on warming. Solutions of colloidal electrolytes such as soaps and 
dye stuffs can also be prepared similarly. _ 

2. Preparation of lyophobic sols: To get a substance in 
colloidal form either the substance in bulk is broken down into 
fine particles of colloidal dimension (1 A to 10° A) or increasing © 
the size of molecular particles as to form larger aggregates. In 
some cases, a third substance is’ usually added to increase the 
stability of the sol. These substances are called stabilizers. Thus, 
there are two ways by which the lyophobic sols can be prepared: 

at) Dispersion methods: By splitting ¢ coarse aggregates of 
a substance into colloidal size. 


(ii) Condensation methods: By aggregating -vety smail 


particles (atoms, ions or molecules) into colloidal size. 


Table 6. 4 


8. No.- Napentins methods: ~ Condensation methods 


1. Mechanical dispersion | Exchange of solvents 

2 Electro-dispersion ' | Change of physical state 
3.» Ultrasonic dispersion | Chemical methods: 

4. — Peptization (i) Double decomposition 


(ii) Oxidation — 
(iii) Reduction 
(ivy Hydrolysis 


Dispersion Methods 

1, Mechanical dispersion: Solid material is first finely 
ground by usual methods. It is then mixed with dispersion medium 
which gives a .coarse suspension. The suspension is now 
_ introduced into the colloid mill. The simplest form of colloid ‘mill 


consists of two metal discs held at a small distance apart from one ~ 
another and capable of revolving at a very high speed (about 7000. | - 


revolutions per minute) in opposite directions. The particles are 
ground down to colloidal sizé and are then dispersed in the liquid. 
A stabilizer is often added to stabilize the colloidal solution. 
Colloidal graphite (a lubricant) and printing ink are made by this 
method. Tannin is used as a stabilizer in the preparation of 
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Suspension 


L_ 


Driving belt 


Discharge. 
— 
Metal disc 


"Fig. 6.2 


colloidal graphite and gum arabic in lampblack colloidal solution 
(Indian ink). ; 

2. Electro-dispersion (Bredig’ 's arc method): This method is 
suitable for the preparation of colloidal solutions of metals like 
gold, silver, platinum, etc. An arc is struck between the metal 
electrodes under the surface of water containing some stabilizing 


0) 


Se 


(i 
ieee 


wae 


75020, 
esere 


i+ 


Fig. 6.3 
agents such as a trace.of KOH. The water is cooled by immersing 
the container in‘an ice bath. The intense heat of the arc vaporises 


' some of the metal which condenses under cold water. 


Note: 1. This method i is not suitable when the dispersion medium 
is an organic liquid as considerable charring occurs. . 


“2. This method comprises. both dispersion and condensation. 


3. Ultrasonic dispersion: The sound waves of high 
frequency are usually called ultrasonic waves. These waves can 


-be produced when quartz crystal discs are connected with a high 


frequency generator. The application of ultrasonic waves for the 
preparation of colloidal solutions was first introduced by Wood 
and Loomis, in 1927. Various substances like oils, mercury, 
sulphur, sulphides and oxides of metals can be dispersed into 
colloidal state very easily with the help of ultrasonic waves. 

4. Peptization: The dispersion of a freshly precipitated 
material into colloidal-solution by the action-of an electrolyte in 
solution is termed peptization. The te hag used is called a 
peptizing agent. 

_ A few examples of sols obtained by. peptization are: 

(i) Freshly prepared ferric hydroxide on treatment with a 


~ small amount of ferric chloride solution at once forms a dark 


reddish. brown solution. Ferric chloride acts as a peptizing agent. 
(ii) Freshly prepared stannic oxide on treatment with a small 
amount .of dilute hydrochloric acid forms a stable colloidal 


. solution of: stannic oxide. 


(iii) Freshly precipitated silver chloride can be spaeeied into a 


colloidal solution by adding a small amount of hydrochloric acid. 
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(iv) Cadmium sulphide can be peptized with the help of 
-hydrogen sulphide. 

The process of peptization thus involves the adsorption of 
suitable ions (supplied by the electrolyte added—particularly a 
common ion) and electrically charged particles then split from 
the precipitate as colloidal particles. 


Condensation Methods 


1. By exchange of solvents: If a solution of sulphur or 
phosphorus prepared in alcohol is poured into water, a colloidal 
‘solution of sulphur or phosphorus is obtained due to low 
solubility in water. Thus, there are a number of substances whose 
colloidal solutions can. be prepared by taking a solution of the 
substance in one solvent and pouring it into another solvent in 
which the substance is relatively less soluble. 


2. By change of physical state: Colloidal solutions of 


‘certain elements such as mercury and sulphur are obtained by | 


passing their vapour through cold water containing a stabilizer 
(an ammonium salt or a citrate). 

3. Chemical methods: The chemical methods involve 
chemical reactions in a medium in which the dispersed phase is 
sparingly soluble. A condition of supersaturation is produced but 
the actual precipitation is avoided. Some familiar reactions tised 
are: : 

(a) Double decomposition: (i) Arsenious sulphide sol: A 
1% solution of arsenious oxide is prepared in hot water. The 
solution is cooled, filtered and is then gradually added to water 
saturated with hydrogen sulphide, whilst a stream of H, S is being 
passed through the solution. This is continued till an intense 
yellow-coloured solution is obtained. Excess of H,S is removed 
by bubbling hydrogen through the solution. 

As,O, +3H,S——> As,8, +3H,O 
Yellow sot 

(ii) Antimony sulphide sol: A 0.5% solution of potassium 
antimony] tartarate is added drop by drop to water saturated with 
H,5, whilst H,S is being passed through the solution. Orange 
coloured solution of antimony sulphide is obtained. 

CH(OH)COOK CH(OH)COOK 

2 | +3H,S—>2 | 

CH(OH)COO(SbO) CH(OH)COOH 


+ Sb,$3 +2H,0 

3 Orange sol ; 

(b) Oxidation: A colloidal solution of sulphur is obtained 
by passing H,S into a solution of sulphur dioxide. 


2H,S + SO, —+2H,0+ 38 
2) 


Sulphur sol can also be obtained when H,S is bubbled through 
an oxidising agent (bromine water or nitric acid). 

(c) Reduction: Colloidal solutions of metals like gold, 
silver, platinum, lead, etc., can be obtained when their salts 
solutions are acted upon by reducing agents. 


2AuCl, +3SnCl, —>3SnCl, +2Au 


Organic reducing agents such as formaldehyde, phenyl 
hydrazine, tannic acid, etc., can also be used. 


AgNO, + tannic acid —> Silver sol 
AuCl, + tannic acid -—> Gold sol 


(d) Hydrolysis: Colloidal solutions of some salts can be 
prepared by hydrolysis. A colloidal solution of ferric hydroxide is 
obtained by boiling a dilute solution of ferric chloride. 

FeCl, +3H,0—— Fe(OH), + 3HC1 
Red sol 

The colloidal solution of silicic acid is also obtained by 
hydrolysis of dilute solution of sodium silicate with 4N - 
hydrochloric acid which is added drop by drop with constant - 
stirring, 


6.5 PURIFICATION OF COLLOIDAL 
SOLUTIONS 


Colloidal solutions prepared by above methods edie 
excessive amount of electrolytes and some other soluble 
impurities. The presence of traces of electrolyte is essential for 
the stability of the colloidal solution but larger quantities 
coagulate it. It is, therefore, necessary to reduce the concentration 
of these soluble impurities to a requisite minimum. The process 
used for reducing these impurities to a requisite minimum is 
known as purification of colloidal solution. The purification of 
colloidal solution is carried out by the following methods: 

(i) Dialysis*: It is a process of removing a dissolved 
substance from a colloidal solution by means of diffusion 
through suitable membrane. Since, particles in true solution (ions 
or smaller molecules) can pass through animal membranes 
(bladder) or parchment paper or cellophane sheet but colloidal 
particles do not, the above can be used for dialysis. The apparatus 
used for this purpose is called dialyser. A bag of suitable 
membrane containing the colloidal sohition is suspended in a 
vessel through which fresh water is continuously flown 
(Fig. 6.4). The molecules and ions diffuse through the membrane 
into the outer water and pure colloidal solution is teft behind. 


Dialysing membrane 


—— Water + Crystalloid 
~~ Crystalloid 
a: Sol particle 


Fig. 6.4 

(ii) Electro-dialysis: Ordinarily, the process of dialysis is 
quite slow. It can be made faster by applying an electric field if 
the dissolved substance in the impure colloidal solution is only 
electrolyte. The process is then named electro-dialysis. The 
colloidal solution is placed between two electrodes while pure 
water is taken in a compartment on each side. Electrodes are - 


- fitted in the compartment as shown in Fig. 6.5. The ions present 


*Blood is a colloidal solution. In case of kidney failure, blood cannot be purified. Under such condition, the blood is separated from dissolved toxic 


impurities by dialysis and re-introduced i in the blood stream. 


THE COLLOIDAL STATE: 


in the colloidal solution migrate out to the oppositely charged 
electrodes. 


Dialysing membrane 


Fig. 6.5 


(iii) Ultrafiltration: Ultrafiltration is the process of 
separating the colloidal particles from the solvent and soluble 
solutes present in the colloidal solution by especially prepared 
filters, which are permeable to all substances oe the colloidal 
particles. 

Colloidal particles can pass through silvery filter paper 
because the pores are too large. However, the pores of filter paper 
can be reduced in size by impregnating with colloidion solution 
and subsequently hardened by soaking in formaldehyde. The 
usual colloidion is a 4% solution of nitro-cellulose in a mixture of 
alcohol and ether. An ultra-filter paper may be prepared by 
soaking the filter paper in a colloidion solution and hardened by 
formaldehyde and finally drying it. Thus, by using ultra-filter 
paper, the colloidal particles are separated from rest of the 
materials. Ultrafiltration is a slow process. To speed up the 
process, pressure or suction is used. 

The colloidal particles left on the ultra-filter paper are then 
stirred with fresh dispersion medium (solvent) to get a pure 
colloidal solution. 


‘6:6, PROPERTIES OF COLLOIDAL SOLUTION 


1. Heterogeneous character: Colloidal solutions are 
heterogeneous in character as they consist of two phases: 
(a) dispersed phase and (b) dispersion medium. 

2. Visibility: It is not possible to see colloidal particles with. 
naked eye or with the help of microscope. It is a well known fact 
that no particle is visible if its diameter is less than half the 


wavelength of the light used. The shortest wavelength of the 


visible light is about 4000 A or 400 my. Hence, no particle of 
diameter less than 200 mp can be seen. The size of colloidal 
particles is less than 200 mu. 


Recently, three new techniques have been developed to 


determine the size and shape of the colloidal particles. These are: _ 


(i) Scanning electron microscope (SEM). 
(ii) Transmission electron microscope (TEM). 

(iii) Scanning transmission electron microscope (STEM). 

3. Filtrability: Colloidal particles pass through an ordinary 
filter paper. However, the particles do not pass through 
parchment and other fine membranes. 

4. Surface tension and viscosity: The surface tension and 
viscosity of lyophobic sols are not very different from those of 
the dispersion medium. On the other hand, lyophilic sols show 


higher viscosity and lower surface tension in comparison to the 
dispersion medium. 

5. Colligative properties: Colloidal particles are bigger 
aggregates. Thus, the number of particles ift the colloidal solution 
is comparatively small as compared to true solution and hence, 
the values of colligative properties (osmotic pressure, lowering in , 
vapour pressure, depression in freezing point and elevation in 
boiling point) are of small order as compared to values shown by 
true solutions at same concentrations. 

6. Tyndall effect: If a heterogeneous solution placed in 
dark is observed in the direction of light, it appears clear and if it 
is observed from a direction at right angles to the direction of 
light beam, it appears perfectly dark. Colloidal solutions show a 
mild to strong opalescence, when viewed at right angles to the 
path of light, i.e., the path of the beam is illuminated by a bluish 
light. This effect was first observed by Faraday and later studied 
in detail by Tyndall and is termed as Tyndall effect. The bright 
cone of the light is called Tyndall cone (Fig. 6.6). The Tyndall 
effect is due to the fact that colloidal particles absorb light energy 
and then scatter in all directions in space. This scattering of light 
illuminates the path of beam in the colloidal dispersion. 


Eve (i Ere a 


J Scattered 
Sree tt light 

Light: (TPS ee aa ae carte aes 

source 


Colloidal solution 


~ True solution 
Fig. 6.6 
Tyndall effect can be observed during the projection of picture 
in the cinema hall due to scattering of light by dust and smoke 
particles present there. Tyndall effect is observed only when the 
following two conditions are satisfied: 
(i) The diameter of the dispersed particles is not much smaller 


_ than the wavelength of the light used; and 


(ii) The refractive indices of the dispersed phase and the 
dispersion medium must differ greatly in magnitude. This 


b— Eye 
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Colloidal solution 


Fig. 6.7 
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condition is satisfied by lyophobic sols. The lyophilic sols show 
little or no Tyndall effect as there is very small difference in the 
refractive indices of the dispersed ee and the dispersion 
medium. 
Some examples of Tyndall effects are: 
(i) Blue colour-ofsky and seawater 
Gi) Visibility of tails of comets 
(iii) Twinkling of stars. 


Tyndall effect is used to distinguish between a.colloidal and’ 


true solution. Zsigmondy, in 1903, used Tyndall effect to set up 
an apparatus known as ultramicroscope. An intense beam of 
light is focussed on the colloidal solution contained in a glass 
vessel. The focus of the light is then observed with a microscope 
at right angles to the beam. Individual colloidal particles appear 
as bright stars against a dark background. Ultramicroscope does 
not render visible the actual colloidal particles but only the light 
scattered by them. Thus, ultrarnicroscope does not provide any 
information about the size and shape of colloidal particles. 

7. Colour: . The colour of colloidal solution depends on the 
wavelength of light scattered by the dispersed particles.. The 
wavelength of light further depends on the size and nature of the 


particles. The colour of colloidal solution also changes with the © 


_ way the observer receives the light. For example, milk and water 
mixture appears blue when viewed.by the reflected light and 


looks red by the transmitted light: Finest gold sol is red in colour. - - 
As size of the particles increases, it necOUee purple, then blue Z 


and finally golden yellow.: 
8. Brownian movement:. 


appear to be i in a state of continuous motion in zig-zag directions 
all over the field of view. This motion was first. observed by the 


Fig. 6.8 


British botanist Robert Brown and hence is known as Brownian 
movement (Fig. 6.8). This motion is independent of the nature of 
the colloid but depends on the size of the particles and the 
viscosity of solution. Smaller the size and lesser the viscosity, 
faster is the motion. The motion becomes intensé at high 
temperature. The distance between two points decreases at 
elevated temperature. 

The Brownian movement has been seplsined to be due to the 
unbalanced bombardment of the particles by the molecules of the 
dispersion medium. The Brownian movement has a stirring effect 
which does not permit the particles to settle. and thus, _is 
responsible for the stability of sols. 

9. Charge on colloidal particles: Colloidal particles 
always carry an electric charge. This charge is of the same type 
on all the particles in a given colloidal solution and may be either- 


When’ ‘éalloidal ilies are. 
viewed under a powerful ultramicroscopé, the colloidal particles __ 


positive or negative. A list of some common sols with the type of 


charge on their particles is given in table 6.5. 


_ Table 6.5 
S. No. Positively charged . Negatively charged 
1. Metallic - hydroxides, ég., “Metals, ég., copper, silver, 
‘ Cr(OH),, . Al(OH); and gold-sols. - 
Fe(OH), sols. 


2. Basic dyestuffs, eg., methyl- 


Metallic sulphides, eg, ne 
ene blue sol. 


-Sb,S3, CdS sols. 


Acid dyestuffs, | leg, _ eosin, 
‘congo red-sols. 


3. Proteins in acidic medium. 
Sols of starch, gum, gelatin, 


oy Oxides, @ # TIO; sol. 
. clay, charcoal, etc. | 


The charge on the sol particles i is due to ote or more of the 
following reasons: — 

(i) Due to the presence of acidic or basic groups: A protein 
molecule has a carboxylic group and a basic NH, group. The 
particles of proteins in sols can either have positive charge or 
negative charge depending upon the pH of the medium. 


NH, NHS 
CH saan, CI © ne 
COOH coon: MEMEY 
_ Glycine Positively charged 
NB, (NH): 
CH Es NaOH —> CH re pak “Nat HAO. 
COOH COO™: o 
lad , utes Negahaly charged * 
(alkaline fnediuim) . 


Isoelectric point of a colloid: ‘In case of colloidal solution 
proteins, the nature of charge depends on the pH of the solution 


called isoelectric point. Above: this pH, the particles are 


negatively charged and below this pH, they have positive charge. 
At isoelectric point, colloidal particles exist in the form of Zwitter 
ion hence they do not migrate under the influence of ene) 


electric field. 
Examples: Colloidal sol Isoelectric pH 2 
Haemoglobin 43—5.3 
Casein from human milk 4.1—4.7 
Gelatin ; 4.7 


(ii) Due to self-dissociation: When colloidal particles such 
as soaps or detergents are dissolved in water, ionised molecules 


“associate to form a micelle. The outer surface will be thus 
‘charged depending on the charge of the ions from which it is 


formed. Thus, sodium palmitate solution will have negative 
charge on its sol particles. 


C\sH, COONa —> C,H, COO™ + Na* 


Sodium palmitate = 
(iii) Due to electron capture by sol particles: e.g., during 
electro-dispersion of metals. 
(iv) Due'to preferential adsorption of ions: This is the 


most accepted view. The sol particles acquire positive or negative 
charge by preferential adsorption of +ve or —ve ions. When two 
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or more ions are present in the dispersion medium, 
preferential adsorption of the ion common to the colloidal 
particle usually takes place. This can be explained by taking the 
following examples: 


(a) If silver nitrate solution is added to potassium. iodide . 


solution, the precipitated silver iodide will adsorb iodide ions 
from the dispersion medium and negatively charged colloidal 
solution will result. However, when KI solution is added to 
AgNO, solution, positively charged sol will result due to 
adsorption of Ag* ions from dispersion medium. 
Agl/I~ Agl/Ag* 
Negatively charged Positively charged 
(b) If FeCl, is added to excess of hot water, a positively 
charged sol of ferric hydroxide is formed due to ged aa of 
Fe?* ions. 
Fe(OH) ,/Fe** 
Positively charged 
However, when ferric chloride is added to NaOH a negatively 
charged sol is obtained with adsorption of OH ~ ions. 
Fe(OH) ,/OH™ 


SnO, is positively charged colloidal sol due to adsorption of | 


Sn** ions. 
SnO, + 4H* —> Sn** +2H,0 
SnO, + Sn** —-»[SnO, ]Sn** 
: Positive colloid 
On the. other hand in alkaline medium, ano, forms negatively. 
charged colloidal sol due to adsorption of SnO3 ions formed. 


SnO, + 20H” ——>$nO0} + H,O 
SnO, + Sn0} ——>[SnO,]Sn0> 
Negative colloid 


Electrical double taver: The surface of a colloidal particle 
acquires a positive or a negative charge by selective adsorption 


of ions carrying positive or negative charge respectively as stated - 


above. This layer attracts counter ions from the medium which 
form a sécond layer. ; 
Agl/T |K* | Agl/Ag* [17 

. The combination of the two layers of opposite charges around 
the colloidal particle is called Helmholtz electrical double layer. 
According to modern views, the first layer of ions is firmly held 
and is termed fixed layer while the second layer is mobile which 
is termed diffused layer. Since, separation of charge is.a seat of 
potential, the charges of opposite signs on the fixed and diffused 
parts of the double layer results in a difference in potential 
between these layers. This potential difference between the fixed 
charged layer and the diffused layer of opposite charge is called 
the electrokinetic potential or zeta potential. 


Solid 


t+ete tet 


| 
| 
| 
| - 
| 
| 
| 


Fixed 
layer layer , 


-,  4inu 

$ D. 
where, 1 = Coefficient of viscosity 

_ u= Velocity of colloidal particles - 
D = Dielectric constant of the medium 
The presence of equal and similar charges on colloidal 

particles is largely responsible in providing stability. to the 
colloidal solution because the forces of repulsion exist between 
same charged particles which prevent them from coalescing or. 
aggregating when they come closer to one another. 

-10. Electrophoresis: When electric potential is applied 
across two platinum electrodes dipping in a colloidal solution, the 
colloidal particles move towards one or the other electrode. This 


_movement of colloidal particles under an applied electric field is 


called electrophoresis. Positively charged particles move 
towards the cathode while negatively charged particles move 
towards anode. This can be demonstrated by the following 
experiment: . 

The apparatus consists of a U-tube provided with a stopcock 
through which it is.connected to a funnel-shaped reservoir 
(Fig. 6.9). A small amount of water is first taken in the U-tube 


and then a requisite quantity of colloidal solution is placed in the 


Reservoir .° 


- Cathode Q) 


Water : 
(dispersion) — 
medium F 


Colloidal 


Initial level“ solution: 


Fig. 6.9 


teservoir. The stopcock is slightly opened and the reservoir is 
gradually raised as to introduce the colloidal solution into the 
U-tube. The water is displaced upwards producing, a sharp 
boundary line in each arm. The platinum electrodes are fitted in 
the water layer and a voltage of 50 to 200 volts is applied. The 
movement of the particles can be observed towards one of the 
electrodes by seeing the position of boundary. When the colloidal 
particles are negatively charged, the boundary moves down in the 
cathodic arm and moves upwards in the anodic arm showing that 
particles move towards anode. It is, thus, possible to ascertain the - 
charge on particles by noting the movement of boundary. 

When electrophoresis, i. e., movement of particles is prevented 
by some suitable means, it is observed that the dispersion 
medium begins to move in an electric field. This phenomenon is 
termed electro-osmosis. 


398 G.R.B. PHYSICAL CHEMISTRY FOR COMPETITIONS 


Summary of Electrokinetic Phenomena 


Motion Causing Potential : 
Sedimentation Potential Streaming Potentlai 


Medium moves but dispersed 
particles rest. 


Medium rests but dispersed 
particles move. 


Potential Causing Motion : 


Electrophoresis ; _ Electro-osmosis 


Medium rests but dispersed 
particles move. 


Medium moves but dispersed 
particles rest. 


11. Coagulation or precipitation: The sdabiliiy of the 
lyophobic sols is due to the presence of charge on colloidal 
particles. If, some how, the charge is removed, the particles will 
come nearer to each other and thus, aggregate or flocculate and 
settle down under the force of gravity. 

The flocculation and settling down of the colloidal particles is 
called coagulation or precipitation of the sol.’ 

. The coagulation of the lyophobic sols can be carried out by 
following methods: 

(i) By electrophoresis: .In electrophoresis, the colloidal 
particles move towards oppositely charged electrode. When these 
come in contact with the electrode for long, these are discharged 
and precipitated. 

(ii) By mixing two oppositely charged sols: When 
oppositely charged sols are mixed in almost equal proportions, 
their charges are neutralised. Both sols may be partially or 
completely precipitated as the mixing of ferric hydroxide (+ve 
sol) and arsenious sulphide (—ve sol) bring them in precipitated 
form. This type of coagulation is called mutual coagulation or 
meteral coagulation. 

(iii) By boiling: When a sol is boiled, the adsorbed layer is 
disturbed due to increased collisions with the molecules of 
dispersion medium. This reduces the charge on the particles and 
ultimately they settle down to form a precipitate. 

(iv) By persistent dialysis: On prolonged dialysis, the 
traces of the electrolyte present in the sol are removed almost 
completely and the colloids become unstable. 

(v) By addition of electrolytes: When excess of an 
electrolyte is added, the colloidal particles are precipitated. The 
reason is that colloidal particles take up ions carrying charge 
opposite to that present on themselves. This causes neutralisation 
leading to their coagulation. The ion responsible for 
neutralisation of charge on the particles is called the flocculating 
ion. A negative ion causes the precipitation of positively charged 
sol and vice-versa. 

It has been observed that, generally, the greater the valency 
of the flocculating ion added, the greater is its power to cause 


precipitation. This is known as Hardy-Schulze rule. In the 


. coagulation of a negative sol, the flocculating power of Na‘, 
Ba2* and Al** ions is in the order of: 
Al** > Ba** > Na* 


Sitnilarly, in the coagulation of a positive : sol, the flocculation 
power of Cl™ ,SO7 P PO} and [Fe(CN) _]* is in the order of: 


[Fe(CN),]* > PO} >SOF >CI- 

The minimum concentration of an electrolyte in millimole 
per litre required to cause precipitation of a sol in 2 hours is 
called flocculation value. The smaller the flocculating value, the 
higher will be the coagulating power of an ion. 

Flocculation value of an ion depends on its charge : 


Flocculation value « a where Z = charge of ion - 
Z ; 

Flocculation value of M*, M7*, M**, M* ions lies in 
following tatio. = 
re eee ee 
aye (2° @)° 4° 
1 : 0.0156 : 0.00137 : 0.00024 
100 ; 1.56 : 0.137 : 0.024 

Coagulation of lyophilic sols: There are two factors which 
are responsible for the stability of lyophilic sols. These factors 
are the charge and solvation of the colloidal particles. When these 
two factors are removed, a lyophilic sol can be coagulated. This 


- is done (i) by adding electrolyte and (ii) by adding suitable 


solvent. When solvents such as alcohol and acetone are added to 
hydrophilic sols, the dehydration of dispersed phase occurs. 
Under this condition, a small quantity of electrolyte can bring 
about coagulation. 

12. Protection of colloids: Lyophilic sols are more stable 
than lyophobic sols. This is due to the fact that lyophilic colloids 
are extensively solvated, i.e., colloidal particles are covered by a 
sheath of the liquid in which they are dispersed. 

Lyophilic colloids have a unique property of protecting 
lyophobic colloids. When a lyophilic sol is added to the lyop- 
hobic sol, the lyophilic particles form a layer around lyophobic 
particles and thus, protect the latter from electrolytes. Lyophilic 
colloids used for this purpose are called protective colloids. 

The lyophilic colloids differ in their protective power. The 
protective power is measured in terms of Gold Number. This 
number was introduced by Zsigmondy and is defined as the 
number of milligrams of a lyophilic colloid that will just 
prevent the precipitation of 10 mL of a gold sol on the 
addition of 1 mL of 10% sodium chloride solution. 

The gold numbers of some of the common protective colloids 
are listed below: 


Table 6.6 
S.No: Protective Colloid Gold Number 
1. Gelatin | 0.005-0.01 
2. Haemoglobin 9 93 
. 3. Gum arabic 0.15 
4. Egg albumin 0.08-0.10 
5.. Potato starch Oe ORs Et 25 
6. Sodium oleate : 0.4 
7. Gum tragacanth | 2 
8. Starch 25-50 
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Higher is the gold number, lower will be the protective power. 
Thus, gelatin and starch have the maximum and minimum 
protective powers. The use of protective colloids is widespread. 
Gelatin is added in the preparation of ice cream as protective 
agent to the colloidal particles of ice. Argyrol, used as eye drops, 
is a silver sol protected by organic material! : 

Some facts : 

(i) Blood is a colloidal solution, it is not coagulated by the 
electrolytes (NaCl, Ca,(PO,). etc.) present in blood itself 
because proteins present in blood act as protective colloid. 

Gi) Milk of human mother is better protected than cow’s and 
buffaloes milk. 


(iii) The proteins which are not coagulated at their iso-electric 


pH are better protective colloid. 

(iv) Ageing : It is spontaneous destabilisation of colloidal 
solution. In this process, dispersed is separated from dispersion 
medium by itself, i.¢., no artificial method is used. 


Congo Rubin Number 


Ostwald proposed that it is the amount of protective colloid in 
mg which prevents the colour change in 100 mL of 0.01% Congo 
rubin dye solution to which 0.16 g equivalent of KCI are added 
when observed after 10-15 min. 

13. Colligative properties: The value of colligative 
properties are of very small order because they have very small 
van’t Hoff factor. 

nAs,8, ———>(As,83),,. 
n= 1000 


; z 4. <] 
van’t Hoff factor i= —— 


Colligative properties are directly proportional to the van’t 
Hoff factor. ? 


6.7. EMULSIONS 


These are liquid-liquid colloidal systems, i.e., the dispersion of 
finely divided droplets in another liquid. If a mixture of two 
immiscible or partially miscible liquids is shaken, a coarse 
dispersion of one liquid in the other is obtained which is called 
emulsion. Generally, one of the two liquids is water. There are 
two types of emulsions: 

(i) Oil dispersed in water (O/W type), 

(ii) Water dispersed in oil (W/O type). 

In the first system, water acts as dispersion medium. Examples 
of this type of emulsions are milk and vanishing cream. In milk, 
liquid fat is dispersed in water. 

In the second system, oil acts as dispersion medium. Conimon 
examples of this type are butter and cream. 


Emulsions of oil and water are unstable and sometimes they 
separate into two layers on standing. For the stabilization of an 
emulsion, a third component called emulsifying agent is usually 
added. The emulsifying agents form an interfacial film between 
suspended particles and the medium. The principal agents for 
O/W emulsions are proteins, gums, natural and synthetic soaps, 
etc. For W/O emulsions, the principal emulsifying agents are 
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heavy metal salts of fatty acids, long chain alcohols, larnpblack, 
ete. 


Emulsions can be diluted with any amount of the dispersion 
medium. On the other hand, the dispersed liquid, when mixed, 
forms at once a separate layer. The droplets in emulsions are 
often negatively charged and can be precipitated by electrolytes. 
They also show Brownian movement and Tyndall effect. 
Emulsions can be broken into constituent liquids by heating, 
freezing, centrifuging, etc. 

Detection of emulsion: Following tests can be used to 
detect the type of emulsion: 


(i) Dye test: An oil soluble dye is shaken up with the 
emulsion and a drop is seen under microscope. If coloured drops 
are seen, the emulsion is water in oil type otherwise of oil in 
water type. 

(ii) Viscosity test: Water in oil type emulsion has greater 
viscosity than oil in water type emulsion. 

(iii) Electrical conductivity test: Electrical conductivity of 
oil in water type emulsion is much greater than water in oil type 
emulsion. If electrolyte like NaCl is added to oil in water type 
emulsion, its conductivity greatly increases. 


(iv) Spreading test: Water in oil type emulsion easily 
spread on the surface of an oil but not on the surface of water. 

(v) Dilution test: 
diluted with water. On the other hand water in oil type emulsion 
cannot be diluted with water. For example, milk-which is oil in 
water type emulsion can be diluted with water, but butter or milk 


cream which are water in oil type emulsion cannot be diluted with 
water. 


(vi) Coalescence: It is the phenomena of disappearance of the 
boundary between two particles (generally droplets or bubbles) 
in contact. Coalescence leads to the reduction of the total surface 


Oil in water type emulsion can easily be - 


area. The flocculation of an emulsion, viz., the formation of - 


aggregates, may be followed by coalescence. In extensive 
condition, the coalescence leads to the formation of a macrophase 
and emulsion is said to break. Coalescence of solid particles is 
called sintering. 


{68, CLASSIFICATION OF COLLOIDS 


BASED ON THE TYPE OF PARTICLES 
OF DISPERSED PHASE 


Depending upon the type of particles of dispersed phase, colloids 
are classified as: 

(i) Multimolecular, (ii) Macromolecular, (iii) Associated 
colloids. 

(i) Multimolecular colloids: On dissolution, a large number 
of atoms or smaller molecules of a substance aggregate together 
to form species having size in colloidal dimension (diameter less 
than 1 nm). The species thus formed are called multimolecular 
colloids. For example: Gold sol, sulphur sol. In these colloids, the 
particles are held together by van der Waals’ forces. 

(ii) Macromolecular colloids: Macromolecular substances 
dissolve in suitable solvent to form solutions in Which the size of 
macromolecules lie in colloidal dimension. These are called 
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macromolecular colloids and they are quite stable. For example: 
Starch, cellulose, proteins and enzymes, etc. 

(iii), Associated. colloids: Substances whose molecules 
aggregate spontaneously in a given solvent to form particles of 
colloidal dimensions are called associated colloids. These 
substances which when dissolved in a medium at low 
concentrations behave as normal, strong. electrolytes, but at 
higher concentrations they exhibit colloidal properties due to the 
formation of aggregated particles (also called associated 
-colloids).. The molecules of soaps and detergents are usually 
smaller than the colloidal particles. However, in concentrated 
solutions, these molecules associate and form aggregates of 
colloidal size. These aggregates of soaps or detergent molecules 
are called micelles. The formation of micelles takes place only 
above a particular concentration called critical micelle 
concentration (CMC). For soaps, the CMC is 10% to 
10°? molL”!. These colloids have both lyophobic and lyophilic 


parts. Micelles may contain the aggregate of (30—100)molecules 
or more. Soaps and detergents are strong electrolytes and when 
dissolved in water they furnish i ions. 


C17H3sCOONa ——> C,,HjsCOO™ + Na* 
Soap 


Nat . 


_ Fig. 6.10 


The negative ions aggregate’ to form a micelle of colloidal 


size. The negative ion has a long hydrocarbon chain and a polar 

group (—COO') at one end. In micelle formation, the long 
. hydrocarbon chain (tail), which is insoluble in water is directed 

towards the centre while the soluble polar head is on the surface 

in contact with water (Fig..6.10). The charge on the micelle is 

responsible-for the stability of this system. The cleansing action 
__ of soap is due to these micelles. The grease stain is absorbed into 

_the interior of the micelle and gets detached from the fabric. The 
dust particles sticking to.the stain are also removed. This action is 
similar to emulsification of grease. 


Some other examples of micelle systems are as follows: 
@ Sodium lauryl sulphate CH, —(CH,),, SO; Na* 
(ii) Sodium oleate C,,H,;COO” Na* 
(iii) Cetyltrimethyl ammonium bromide; 

CH; (CH, );5N* (CH, )3 Br 
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| 
Micellisation with cationic terminals are also known, ¢.g., in 
cetyltrimethyl ammonium chloride: It may be diagramatically 
represented as : ; 


Fig. 6.11 


(iv) p-Dodecyl benzene sulphonate; 


C,H (C)- Na* 


Surfactants are those substances which are preferentially 
adsorbed at the interfaces like air-water, oil-water and 
solid-water interfaces. Thus, it is thé surfactant which is 
responsible for micellisation and emulsification. Surfactants are 
divided into three categories: 

@® Cationic surfactants: Such substances on ionisation 
give a cation having hydrophobic and hydrophilic group, e.g., 
cetyl pyridinium chloride, 


Cidtiss—<_SN +Cl- 


_ Cetyltrimethyl ammonium chloride, C,;H3 (CH, )3N" Cl" 
Octadecyl ammonium chloride, C,,H;,NH3Cl 
Tonisation of these compounds may be represented as, 

Water ; 
CjgH3,NH;Cl- -—> CgH;, __ NH; 
(Hydrophobic end) (Hydrophilic end) 
(ii) Anionic surfactants: 
which act as surfactant, e.¢., 
Sedium Palmitate C,,H,,;COONa 
Sodium Oleate C,,H3;COONa 
and salts of sulphonic acid having molecular formula 
C,,H>,4,;S0,M where, M* =Na*, K*, NH}, etc. 


+ Cl- 


Such substances give anion 


Water 
C,;H,;,;COONa-——> C,;H,, — COO” +Na* 
(Hydrophobic (Hydrophilic 
end) end) 
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(iif) Non-ionogenic surfactants: These surfactants do not 
ionise or dissociate in aqueous medium, but these molecules also 
have hydrophobic and hydrophilic end. 

High molecular mass alcohol adds to several molecules of 
ethylene oxide to form hydroxy surfactant. 


C,,H>, .,;OH+xCH, —CH, —> 


(8) 
C, Hons 1 (OCH,CH, if OH 
ees eee 


a 
(Hydrophobic end) (Hydrophilic end) 


Kraft point: The temperature above which a surfactant 
forms micelle is called kraft point. 


Some Important Features of Micelle 
1. At critical micelle concentration (CMC), surfactants begins 


to form spherical aggregates made of 30 to 100 ions with their. 


hydrocarbon tails in the interior of the aggregate and their 
’ charged terminals exposed to water on the out side (see Fig. 
6.12). 


2. Increase in temperature usually increases CMC. 


3. CMC also depends on chain length, greater is the chain 
length of hydrocarbon tail, smaller is the CMC. Increase in the 
hydrophobic part of the surfactant molecules, favours the 
formation of micelles. 


4, CMC of ionic micelles decreases on addition of simple 
electrolyte like NaCl. Screening action of added ions reduces the 
repulsion between charged groups at the surface of micelles. 


§, Below the Kraft temperature, solubility of surfactant is not 
enough to form micelles. Kraft temperature increases with 
increase in the number of carbon atoms. 


Number of carbon atoms in sodium 
alkyl sulphates | 


Kraft temperature °C 


6. Micellisation is found to be —pomlanoos it is confirmed by 
negative value of AG in following equation : 


AG = AH-TAS .() 
AH = ~— ve and TAS = + ve for micellisation 


Standard enthalpy change of micellisation may be calculated 
as, 


AH®™ = AG? + TAS® . 
= ~2.303RT? d(log CMC) 
; aT 


Physical Properties of Critical Micelle Concentration 
Physico-chemical properties of surfactant solution changes 


sharply in the region of the C.M.C. Variation of physico-chemical _ 


properties of surfactant solution with concentration is 
represented in following figure : 


~ @ Molar electrolytical 
@ coriductance 
@® Osmotic pressure 
@ Surface tension 


@® Turbidity 


C 
i 
1 
1 
1 
1 
\ 
i 


S ealtetenatetd fo) 


Relevant unit of parameter 
being measured 


0.01 0.02 
Concentration of sodium n dodecy| sulphate 
(mol dm) 
Fig. 6.12 
68 GELS 


When a colloidal solution is coagulated, a precipitate is usually 
formed which may or may not be gelatinous. Under certain set of 
conditions, it is possible to obtain the dispersed phase as more or 
less rigid mass enclosing within it all of the liquid. The product in 
this form is known as a gel and the process is called gelation. The 
gel is, thus, a colloidal semi-solid system rich in liquid phase. Gel . 
usually consists of two components; one is solid, such as gelatin, 
silicic acid, sodium oleate, etc., ane the other is a liquid such as 
water. 

Gels may be elastic or non-elastic according to their 
mechanical properties. Elastic gels can be prepared by dissolving 
the substance in warm water and cooling it till sets. Examples are 
agar-agar and gelatin gels. Non-elastic gels are prepared by 
appropriate chemical action. The silica gel is formed by action of 
HCI with sodium silicate solution. 


Solid particles 


Entrapped liquid 


Fig. 6.13 is 


Gel may shrink on keeping by loosing some of the liquid! held 
by them. This is known as syneresis or weepirtg of gel. Some gels 
liquify on shaking and reset on being allowed to stand. This, 
reversible Sol-Gel transformation is known as thixotropy. The 


‘softening behaviour of a marshy land under trading is due:to 


thixotropic behaviour of bentonite clay present in such ‘soils. 


% 
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Elastic gel can imbibe water when placed in it and undergo - 


swelling, non-elastic gels are incapable of doing so. This 
phenomenon is known as imbibition or swelling. 


fo; APPLICATIONS OF COLLOIDS 


Most of the substances, we come across in our daily life, are 
colloids. The meal we eat, the clothes we wear, the wooden 
furniture we use, the houses we live in, the newspapers we read, 
are largely composed of colloids. 

The applications of colloid chemistry are limitless. These can 
be divided mainly into two classes: 

i. Natural applications 

2. Technical applications 


+ 


1, Natural Applications 


(i) Blue colour of the sky: Colloidal particles scatter blue 


light. Dust particles along with water suspended in air scatter 
blue light which reaches our eyes and the sky looks blue to us. 

(ii) Fog, mist and rain: When a large mass of air, 
containing dust particles, is cooled below its dewpoint, the 
moisture from the air condenses on the surfaces of these particles 
forming fine droplets. These droplets being colloidal in nature 
continue to float in the air in the form of mist or fog. 

Clouds are aerosols having small droplets of water suspended 
in air. On account of condensation in the upper atmosphere, the 
colloidal droplets of water grow bigger and bigger in Size, till 
they come down in the form of rain. Sometimes, the rainfall 
occurs when two oppositively charged clouds meet. 

It is possible to cause artificial rain by throwing electrified 
sand or spraying a sol carrying charge opposite to the one on 
clouds from an aeroplane. 

(iii) Food articles: - Milk, butter, halwa, ice creams, fruit 
_ juices, etc., are all colloids in one form or the other. 


(iv) Blood: Blood is a colloidal solution of an albuminoid 


substance. The styptic action of alum and ferric chloride solution 
is due to coagulation of blood forming a clot which stops further 
bleeding. 

{v) Soils: Fertile soils are colloidal in nature’ in’ which 
humus acts as a protéctive colloid. On account of colloidal 
nature, soils absorb moisture and nourishing materials. 

(vi) Formation of delta; River water is colloidal solution 
of clay. Seawater contains a number of electrolytes. When river 
water meets the seawater, the electrolytes present in seawater 
coagulate the golloidal solution of clay which aa deposited with 
the formation of delta. 


2. Technical Applications 


(i) Electrical precipitation of smoke: Smoke is a colloidal 
-solution of solid particles such as carbon, arsenic compounds, 
dust, etc., in air. The smoke, before it comes out from the 
chimney, is led through a chamber containing plates having a 
charge opposite to that carried by smoke particles. The particles 


‘on coming in contact with these plates lose their charge and get 


precipitated. The particles thus, settle Gown on the floor of:the 
chamber. The precipitator is called cottrell precipitator. 


Dust free gases 


Precipitated * 
= carbon or dust _ 


“Fig. 6.14 


(ii) Purification of drinking water: The water obtained 
from natural sources often contains bacteria and suspended 
impurities. Alum is added to such water so as to destroy the 
bacteria as well as to coagulate the suspended ae and | 
make water fit for drinking purposes. 

(iii) Medicines: Most of the medicines in use are colloidal 
in nature. For example, argyrol is a silver sol uséd as an eye 
lotion. Colloidal antimony is used in curing kala-azar. Colloidal 
gold is used for intramuscular injection. Milk of magnesia (an 
emulsion) is used for stomach disorders. Colloidal medicines are 
more effective because these are easily assimilated. 

(ivy) Tanning: Animal hides are colloidal in nature. When a 
hide, which has positively charged particles, is soaked in tannin, 
which contains negatively charged colloidal particles, mutual — 
coagulation takes place, which results in the hardening of leather. 
The process is termed as tanning. Chromium salts have also been - 
used in place of tannin. 

(v) Cleansing action of soaps and detergents: 
described in section 6.8. 

(vi) Photographic plates and films: The photographic 
plates or films are prepared by coating an emulsion of the light 
sensitive silver bromide in gelatin over glass plates or celluloid 
films. 

(vii) Rubber industry: Latex is a colloidal solution of 
rubber particles which are negatively © charged. Rubber is 
obtained by coagulation of latex. 

(viii) Industrial products: Paints, inks, synthetic plastics, 
rubber, graphite lubricants, cement, etc., are all colloidal 
solutions. Asphalt emulsion is used in road construction. 

(ix) Disinfectants: The disinfectants such as dettol and 
lysol give emulsion of oil in water type when mixed with water. 

(3 In metallurgy: Sulphide: ores are concentrated by 
froth-flotation process. In this process; pulverised ore is treated 
with emulsion of pine oil, 
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THE COLLOIDAL STATE 


SUMMARY AND D IMPORTANT POINTS TO REMEMBER 


-1. Crystalloids and colloids: Thomas Graham classified 
the soluble substances into two categories; crystalloids and 
colloids. Crystalloids are the substances which in solution diffuse 
readily through animal or vegetable membranes, e. g. , urea, sugar, 


salt and other crystalline compounds. Colloids (Greek word, 
Kolla, meaning glue-like) are the substances which in solution - 


diffuse very slowly or do not diffuse through animal or vegetable 
membranes, ¢.g., gelatin, glue, silicic acid, etc. It was soon 
realised that many of the crystalloids can be converted into 
colloidal form by suitable means. Thus, colloid is a state of matter 
like solid, liquid or gas in which any substance can be brought by 
suitable means. : . 

2. ‘Colloidal state: It depends upon the particle size. It is 
regarded as an intermediate state between true solution and 
suspension. Colloidal state is a heterogeneous system in which 
solute particles of size ranging between 10 A to 10° A (10° to 
10° cm) are dispersed into a solvent (dispersion medium). 

3. Types of colloidal solutions: A colloidal solution 
consists two types, viz, dispersed or internal or discontinuous 
phase and the dispersion or external or continuous phase. 
Depending on these phases eight types of colloidal solutions are 
possible. The important ones are: 

(i) Solid dispersed in liquid—lIt is called sol. 

(ii) Liquid dispersed in liquid—It is called emulsion. 

(iii) Solid dispersed in gas—lIt is called aerosol. 

(iv) Liquid dispersed in solid—It is called gel. 

Lyophobic: Colloidal solutions in which dispersed phase 
has very little affinity for the dispersion medium. These are less 
stable and irreversible in nature. These are also called 
suspensoids. 

Lyophilic: Colloidal solutions in which dispersed phase has 
great affinity for dispersion medium. These are stable and 
reversible in nature. These are also called emulsoids. 

The colloidal solutions are also named according to the 
dispersion phase or medium used. 


Dispersion medium Name of colloidal solution 
Water Hydrosols 
Alcohol Alcosols 
Benzene Benzosols 
Air Aerosols 


4. Preparation of colloidal solutions: To get a substance 
in colloidal form either the substance is broken down into fine 
particles of colloidal dimension or increasing the size of 
molecular particles as to form large aggregates. Thus, there are 
two ways by which lyophobic sols can be prepared. 

(i) Dispersion methods: By splitting coarse aggregates of 
- a substance into colloidal size. The dispersion methods include 
{a) mechanical dispersion (b) electro-dispersion (c) ultrasonic 
dispersion and (d) peptization. Peptization is a process of 
converting precipitates into colloidal state by adding small 
amount of suitable electrolyte. , 


(id Condensation methods: By aggregating very small 
particles into colloidal particles. These include (a) exchange of 
solvents (b) change of physical state and (c) chemical methods 
such as double decomposition, oxidation, reduction, hydrolysis, 
etc. 


5, Purification of colloidal solutions: The process of | 
reducing the impurities (electrolytes or soluble substances) to a 
requisite minimum in a colloidal solution is known as 
purification of colloidal solution. 


Dialysis: It is a process of removing a dissolved substance 
from a colloidal solution by means of diffusioh through suitable 
membrane. Animal membranes, parchment paper or cellophane 
sheet can be used for this purpose. The electrolytes can'be readily 
removed by electrodialysis. 


6. Properties of colloidal solutions: 
possess the following properties: 


(i) Heterogeneous character: Consist of two phases. 

(ii) Visibility: Particles are not visible to naked eye or. with 
the help of microscope. 

(ili) Filtrability: Particles. pass through ordinary filter 
paper but not through parchment and other fine membranes. 

(iv) Surface tension and. viscosity: These are not very 
different from those of dispersion medium in the case of 
lyophobic sols. Lyophilic sols show higher viscosity and lower 
surface tension. 

(v) Colligative apeida These properties are of small 
order as compared to true solutions at same.concentrations. ~- 

(vi) Tyndall effect: It is the scattering of light from the 
surface of colloidal particles. A beam of light passed through a 
colloidal solution becomes visible as a Deight streak. The 
illuminated path is called Tyndall cone.. 

(vii) Brownian movement: Itisa ceaseless zig-zag motion 
of colloidal particles. Smaller the size and lesser the viscosity, 
faster is the motion. This is due to.unbalanced bombardment of 
particles by the molecules of dispersion medium. It is somewhat 
responsible for stability of sols as the particles are not allowed to 
settle. 

(vili) Charge on colloidal particles: Colloidal particles are 
electrically charged either carrying positive or negative charge. 
The origin of charge in most cases is due to preferential 
adsorption of ions on the surface. When an electric current is 
passed through the colloidal solution, the particles move towards 
a particular electrode. This is termed electrophoresis or 
cataphoresis. When only the medium is allowed to migrate and 
not the particles, the phenomenon is known as electroosmosis. 

(ix) Coagulation: The phenomenon of change of colloidal 
state to suspension state is known as coagulation or precipitation 
or flocculation of colloidal solution. The coagulation is affected 
either by boiling of colloidal solution or by mutual action of 
colloidal sols (by mixing oppositely charged colloidal solutions) 
or by electrophoresis or by the addition of electrolytes. 


Colloidal solutions 
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The positive ion is effective in coagulating negative sol and 
vice-versa. The effectiveness of anion is governed by 
Hardy-Schulze rule. The rule states that the precipitating power 
of an ion depends upon its valency, i.e., higher the valency of the 
ion greater is the precipitating power of the ion. 

For negative sol, the power varies as M?** > M?* > M* and 
for positive sol the power varies as [Fe(CN) , \* > SO; >Cr. 


Flocculating value: It is the minimum concentration in 
millimoles per litre of an electrolyte required to cause 
precipitation of a sol in 2 hours. The smaller is the flocculating 
power greater shall be the precipitating power of an ion. 

(x) Protective action: Lyophilic sols are more stable than 
lyophobic sols. Thus, lyophilic colloids have the property of 
protecting lyophobic sols. When a lyophilic sol is added to 
lyophobic sol, the lyophilic particles form a layer around 
lyophobic particles and thus protect them from electrolytes. The 
protective power of lyophilic colloid is measured in terms of gold 
number. It is defined as the number of milligrams of a lyophilic 
colloid that will just prevent the precipitation of 10 mL of a gold 
sol on the addition of 1 mL of 10% NaCl solution. Lower the gold 
number, higher will be the protective power. Gelatin (Gold 
Number 0.005-0.01) and starch (Gold Number 25-50) have the 
maximum and minimum protective powers. 

(xi) Coacervation: The loss of the stability of a lyophilic sol, 
quite often.results in a separation of the system into two liquid 
phases. The separation of colloidal sol into two liquid phases is 

called coacervation. 
' 7. Emulsion: It is a colloidal solution of a liquid in 
another immiscible liquid. Emulsions are usually of two types: 

(a) Oil in water—-Examples: Milk, cream, face cream, etc. 

(b) Water in oil—Examples: Butter, cold cream, etc. 


Emulsifying agent: It is added to aii vil and water emulsion 
to increase its stability. It has polar and non-polar groups; the 
former attaches to water and the latter to oil and so binds them 
together in an emulsion. Soaps and detergents act as emulsifying 
agents. : 

8 Gel: Itis a colloidal system in which liquid is dispersed 
in solid. Fruit-jellies, cheese, etc., are the examples of gels. Gels 
may be elastic or non-elastic according to their mechanical 
properties. 

9. Applications of colloids: 


The applications can be 
divided mainly into two classes: 


(i) Natural applications: 


(a) Blue colour of the sky 
(b) Fog, mist and rain 
(c) Food articles 
(d) Blood Me 
(e) Soils 
(f) Formation of delta 

(iil) Technical applications: 
(a) Electrical precipitation of smoke 

_ (b) Purification of drinking water 

(c) Medicines  . 
(d) Tanning 
(e) Cleansing action of soaps and detergents 
(f) Photographic plates and films 
(g)} Rubber industry 
(h) Paints, inks, plastics, lubricants, cement, etc. 
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1. Match the following: 
[Al 

(i) Gold number 

(ii) Lyophobic 


(a) Coagulation 
(b) An emulsion 


(iii) Butter (c) Gold sol 

(iv) Hardy-Schulze rule (d) Gel 

(v) Micelles (e) Purification of colloidal 
solution 


(vi) Purple of cassius (f) Protective colloids 
(vii) Cheese (g) Solvent hating 
(viii) Dialysis (h) Associated colloids 


[B] 
(i) Brownian movement (a) Aerosol 
(ii) Water loving colloids (b) Ultramicroscope 


(iii) Liquid dispersed in gas (c) Irreversible 
(iv) Tyndall effect 
(v) Hydrophobic 
(vi) Coagulation 


(d) Sewage disposal 
(e) Smoke precipitator 
(f) Hydrophilic 


(vii) Electrophoresis (g) Emulsifying agent 


(viti) Soap - (h) Robert Brown 
es ae Application / 
| [C] Property Sateen | discoverer 
(i) Tyndall effect (a) Due to unequal 1. Sewage disposal 
: bombardment by 
solvent 
molecules 
(ii) Coagulation (b) Surface areais 2. Smoke 
large precipitator 
(ili) ' Brownian (c) Movement of 3. Ultramicroscope 
movement colloidal 
; particles under 
the influence of 
electric field 
(iv) Adsorption (d) Due ; 4. Ice cream 
to neutralisation 
of charge 
(v) Electrophoresis (e) Due to scattering 5. Colloidal 
of light medicines 
(vi) Stability —(f) Addition of 6. Robert Brown 


protective colloid 


2. Matrix Matching Problems (For IIT Aspirants): 


[A] Match the colloids in Column-I with the classifications 
in Column-II: : 


Column-I '  Column-Il 
(a) Rain cloud (p) Gel 
(b) Smoke (q) Foam 


\Questions ) 
.. 


(c) Butter (r) Aerosol 
(d) Soap sud (s) Gas as dispersion medium 
[B] Match the terms of List-I with those of List-II: 
List-I List-IT 
(a) Coagulation 
_ (b) Peptization 


(p) Scattering of light 
(q) Purification of colloidal 


solution 
(c) Tyndall effect (r) Addition of electrolyte 
(d) Dialysis (s) Precipitation of 


colloidal solution 


[C] Match the Column-I with Column-II and Column-III: 
Columa-!I Column-iI Columa-I 
(Colloidal (@ispersed . (Dispersion 
solution) phase) medium) 

(a) Colloidion (p) Water (u) Ethanol 
(b) Fog (q) Cellulose (v) Oil 
(c) Butter (r) Fat (w) Air 
(d) Milk (s) Water (x) Water 
[D] Match the terms in Column-I with their explanations in 
Column-II: 
Column-I Column-IT 
(a) Cottrell precipitation (p) Purification of blood * 
(b) Electrophoresis (q) Precipitation of 
colloidal particles by 
addition of electrolytes 
(c) Hemidialysis (r) Removal of pollutants 
from industrial waste 
gases 
(d) Coagulation (s) Movement of charged 
colloidal particles 
towards oppositely 
charged electrode 
[E] Match the terms in Column-I with those of Column-II: 
Column-I | Column-II 
(a) Emulsifier (p) Colloidal sol. of 
graphite 
(b) Colloidal electrolyte (q) Detergent 
(c} Oil dag (r) Cellophane 
(d) Xerogel (s} Dextrin 
[F] Match the Column-I with Column-II: 
Column-I Column-Il 
(a) Milk (p) Aerosol 
(b) Dust (q) Emulsion 
(c) Cheese (rt) Gel 
(d) Froth ~ (s) Foam 
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The coagulation of 100 mL of a colloidal solution of gold is 
completely prevented by adding 0.25 g of starch to it before 
adding 10 mL of 10% NaCI solution. Find out the gold number 


_ of starch. 


(Hint: 10 mL of 10% NaCl salute is added to 100 mL of 
solution of gold. 

Thus, 1 mL of 10% NaCl solution has been added to 10 mL 
solution of gold. 

Bune: 100 mL gold solution required = 0.25 g starch 


= 0.25 x 10° mg starch 


, 3 
So, 10 mL gold solution required = = x10 
= 25 mg starch 


Thus, by definition, the gold number of starch is 25.} 


4. 


For the coagulation of 100 mL of arsenious sulphide solution, 


5 mL of 1 M NaCI is required. What is the coagulating power 


of NaCl? 


(Hint: Total volume after addition of 5 mL of 1 M NaCl 
solution = 105 mL 


Thus, 105 x molarity of NaCl in colloidal solution =5 x1 


Molarity of NaCl in colloidal solution = 7 


Concentration in millimole = 7 x 1000 


= 476] 


5. 


. . [A] GQ (i—s); (iti—b); (iv—a); (v—h); (vi—c); (vii-—d); 


(viii—e) 


[B] (i—h); (ii—f); (iii—a); (iv—b); (v—e); (vi—d); (vii—e), 
(viii—g) . : : 
[C] (i—e—3);  Gii—-d-—1);_ (iii -a—6); — (iv—_b—5) 


(v-—c—2); (vi--f— 4). 


Set-1: Questions with single correct answer 


Difference between crystalloid and colloid is of: 

(a) particle size (b) chemical composition 

(c) ionic character (d) solubility 

Substances whose solutions can readily diffuse through 
animal membranes are called: : 

(a) colloids 

(c) electrolytes 
Suspensions are: 

(a) visible to naked eye 
(b) invisible through microsco:: 

(c) not visible by any means 

(d) invisible under electron microscope 


(b) crystalloids 
(d) non-electrolytes 


The size of the colloidal particles is in between: (CPMT 1990) 
(a) 1077-10 cm (b) 10° -10°" cm 
(c) 10° -1077 em (d) 107-103 cm 
The size of a colloidal particle is: [PMT (MP) 1990} 
(a) > Olu (b) ImutoO..p 
(c) < 0.l mp (d) more than 3000 mu 
If liquid i is dispersed in solid medium, then this is called: 

(DCE 2609) 
(a) sol (b) emulsion 
(c) liquid aerosol (d) gel 


10. 


1. 


12. 


13. 


14, 


[A] (a—s, s) (b—, s) (c—p) (d—) 

[B] (a—t, s) (b—r) (c—p) (d—9) 

[C] (@—q—n) (b—p—w) (c-—p—yv) (d+1—x) 
[D] (a—t, s) (b—s) (c—p) (da) ° 

[E] (a—q, s) (b—q) (c--p) (d—) 

[F] (a—q) (>—p) (c—1) (d—s) 


Which of the i: forms a colloidal solution in water? 
(CPMT 1990} 


(a) NaCl (b) Glucose (c) Ba(NO,). (d) Starch 


. ' The number of phases present in colloidal solution is: 


(a) 2 (b) 4 (c) 3 (d) 1 

The colloidal system of a solid dispersed in liquid medium is 
called: [CET (J&K) 2607} 
(a) aerosol _(b) sol (c) gel (d) foam 

When dispersed phase is liquid and dispersion medium is gas, 
the colloidal system is called: 

(a) smoke —_ (b) emulsion (c) cloud 
Water loving colloids are called as: 

(a) hydrophilic (b) hydrophobic 

(c) lyophobic (d) irreversible 

An emulsion is a colloidal solution consisting of: 

(a) two solids (b) two liquids 

(c) two gases (d) one solid and one liquid 
The colloidal solution of gelatin is known as: 

(a) solvent loving (b) reversible 

(c) hydrophilic (d) all of these 

Sol is a type of colloid in which: {PET Raj.) 2688} 
(a) solid is dispersed in liquid 

(b) liquid is dispersed in solid 

(c) gas is dispersed in liquid 

(d) solid is dispersed in solid 


(d) gel 


15. 


16. 


17. 


18. 


19. 


20. 


21. 


22. 


23. 


24. 


25, 


26. 


27. 
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Butter is a colloid formed when: 
(a) fat is dispersed in fat 
(b) fat is dispersed in water 
(c) water is dispersed in fat 
(d) suspension of casein in water 
Milk is: [PMT (MP) 2007; C.G PET 2068] 
(a) fat dispersed in water _ (b) water dispersed in fat 
(c) water dispersed in oil (d) fat dispersed in fat 
Smoke is an example of: (CPMT 1991) 
(a) solid dispersed in solid (b) solid dispersed in gas 
(c) solid dispersed in liquid (d) gas dispersed in solid 
Fog is a colloidal solution of: 
[PMT (MP) 1991; CET (J&K) 2005; DUMET 2009] 
(a) gaseous particles dispersed in gas 
(b) gaseous particles dispersed in liquids 
(c) liquid dispersed in gas 
(d) solid dispersed in liquid 
Lyophobic colloids are: 
(a) reversible 
(c) water loving 
Sulphur sol contains: 
(a) discrete sulphur atoms 
(b) discrete sulphur molecules 
(c) water dispersed in solid sulphur 
(d) large aggregates of sulphur molecules 
Which of the following is not a colloidal system? 
(a) Bread (b) Muddy water 
(c) Concrete (d) Sugar in water 
Peptization denotes: (MHT-CET 2007) 
(a) digestion of food : 
(b) hydrolysis of proteins 
(c) breaking and dispersion into colloidal state 
(d) precipitation of solid from colloidal dimension 
Colloids are purified by: (CPMT 1996) 
(a) Brownian motion (b) precipitation 
(c) dialysis (d) filtration 
The separation of colloidal particles from those of molecular 
dimension is known as: 
(a) dialysis - (b) electrophoresis 
(c) peptization (d) pyrolysis 
Bredig’s arc method is used for the preparation of colloidal 
solution of: 
(a) metals like silver, gold, etc. 
(b) organic compounds 
(c) two liquids 
(d) inorganic compounds 
Which of the following reactions is not used for the 
preparation of a colloidal solution?. 
(a) 2AuCl, + 3SnClL, ——> 3SnCl, + 2Au 
(b) FeCl, + 3H,O ——> Fe(OH), + 3HCl 
(c) 2Mg + CO, —> 2Mg0+C 
(d) 2H,S + SO, —> 2H,0 +38 
When freshly precipitated Fe(OH), is boiled with water in the 
presence of few drops of dil. HCI, a hydrated ferric oxide sol is 
obtained. This method is termed: 


(b) irreversible 
(d) solvent loving 
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29, 


30. 


31. 


32. 


33. 


34, 


35. 


36. 


37, 


38. 


39. 


(c) Dialysis - 


(a) dialysis (b) peptization 
(c) ultrafiltration (d) electro-dispersion 
Which of the following substances gives a positively charged 


sol? [PMT (MP) 1990] 
(a) Gold (b) Arsenious sulphide 
(c) Starch (d) Ferric hydroxide’ 


The kinetic activity of colloidal Panes in dispersion 

medium is known as: 

(a) electro-osmosis (b) cataphoresis 

(c) Brownian movement (d) electrophoresis 

Brownian movement was discovered by: 

(a) Robert Brown - (b) Zsigmondy 

(c) Hardy-Schulze (d) Graham 

The Brownian movement is due to: 

(a) temperature fluctuations within the liquid phase 

(b) attraction and repulsion between charges on colloidal 
particles 

(c) impact of molecules of the dispersion medium on colloidal 
particles 

(d) convection currents 

Tyndall phenomenon is shown by: 

(a) dilute solution (b) colloidal solution 

(c) suspension (d) true solution 

The sky looks blue due to: 

(a) dispersion effect (b) reflection 

(c) transmission (d) scattering 

Tyndall effect in colloidal solution is due to: (MHT-CET 2007) 

(a) absorption of light 

(b) scattering of light 

(c) reflection of light : 

(d) presence of electrically charged particles 

The migration of colloidal particles under the influence of an 

electric field is known as: 

(a) electro-osmosis (b) Brownian movement 

(c) cataphoresis (d) dialysis 

The stability of lyophilic colloids is due to: [PMT (MP) 1990] 

(a) charge on their particles 

(b) large size of their particles 

(c) smaller size of their particles 

(d) a layer of medium of dispersion on their particles 

‘Greater the valency, the higher is the coagulating power of 

ion.’ This rule was introduced by: 

(a) Hardy-Schulze (b) Graham 

(c) Kossel and Lewis (d) Faraday 

Bleeding is stopped by the application of ferric chloride. This 

is because: 

(a) the blood starts flowing in opposite direction 

(b) the ferric chloride seals the blood vessel 


(c) the blood reacts and. forms a solid which seals the blood 


vessel 
(d) the blood is coagulated and thus, the blood vessel i is sealed 


Which property of colloidal solution is used to determine the 


nature of charge on the particles? 
(a) Sedimentation (b) Electrophoresis 
* (d) Ultrafiltration 
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40. 


41. 


42. 


43. 


45. 


46. 


47, 


(a) POS 


Anegatively charged suspension of clay in water iis nee for 


- Gold number is a measure of: 


When excess of electrolyte is added to a colloid it: 

_ (CBSE 1990) 
(a) conpalntes (b) gets diluted 
(c) precipitates _(d) does not change 
The colloidal solutions of gold prepared by different methods 
have different colours. This is due to: (MLNR 1993) 
(a) difference in size of colloidal particles 
(b) different concentration of gold 
(c) presence of different types of foreign particles 
(d) the variable valency of gold 
The capacity of an ion to coagulate a colloidal solution 
depends on: . 
(a) its shape 


“(b) the amount of its charge 


(c) the sign of the charge 
(d) both, the amount and the sign of the devs 
Lyophilic sols are more stable than lyophobic sols because: 


(AFMC 1998) | 


(a) the colloidal particles have positive charge 

(b) the colloidal particles have negative charge 

(c) the colloidal particles are solvated 

(d) there are strong electrostatic repulsions 

Which of the following will have the highest coagulating 
power for As,S, colloid? 
(by) AP* = (©) SOF). Na* 
precipitation the minimum amount of: 

(a) aluminium chloride ©“ (6) potassium sulphate 

(c) sodium hydroxide (d) hydrochloric acid - 
Which of the following electrolytes is least effective in 
causing flocculation of ferric hydroxide sol? (MLNR 1991) 
(a) K,Fe(CN), (b) K,Cro, 

(c) KBr (d) K,SO, — 

Fe** ions coagulate blood. This show hoods contains colloidal 
particles bearing: 

(a) negative charge 

(b) positive charge 

(c) no charge 

(d) either positive or negative charge 

(CPMT 1991) 
(a) stability of colloidal system 


__ (b) coagulating power of a colloid 


49. 


2 


(c) size of colloidal particles 

(d) efficiency of the protective colloid 
Gold number is a measure of: 

(a) the amount of gold present in the colloidal solution 

(b) the amount of gold required to break the colloid 

(c) the amount of gold required to protect the colloid 

(d) none of the above 

Which of the following methods is used for dcsecon ofa 
colloidal solution? 

(a) Condensation 


- (b) Dialysis 


(c) Diffusion through animal membrane 
(d) Addition of an electrolyte 


{PET (MP) 2004] 
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§2. 


53. 


54. 


55, 


56. 


Which of the following is not a property of hydrophilic sols? 


(a) High concentration of dispersed phase can be easily 
attained 


(b) Coagulation is reversible 

(c) Viscosity and surface tension are nearly as that of water 

(d) The charge on the particles depends on the pH value of the 
medium; it may be positive, negative or even zero 

Gelatin is added in manufacture of ice cream in order to: 

(a) prevent formation of a colloid 

(b) stabilise the colloid and prevent crystallisation 

(c) cause the mixture to solidify easily 

(d) improve flavour 

Which one of the following will act as best protective colloid? 

(a) Gelatin (Gold No. 0.005) 

(b) Starch (Gold No. 25) 

(c) Gum arabic (Gold No. 0.15) 

(d) Egg albumin (Gold No. 0.08) 

Gold number is a measure of the: 

(a) protective action by a lyophilie colloid on lyophobic 
colloid 

(b) protective action by a lyophabio colloid on lyophilic 
colloid ~ 

(c) number of mg of wold ina standard red gold sol - 

(d) none of the above 

On addition of one mL solution of 10% NaCl to 10 mL gold 

sol in presence of 0.025 g of starch, the coagulation is just 

prevented. The gold number of starch is: 

(a) 25.0. (b) 2.5 (c) 0.25 

The stability of lyophobic sols is due to: 

(a) Brownian motion only 


(d) 0.025 


as (b). electric charge: only 
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’ (c) Both 


- (¢) both Brownian mation and electric charge 


(d) particle size 

Which one of the flowing colloidal selitins is positive sol.? 
(CPMT 1992) 

(a) Blood 

(b) Clay soil 

(c) Smoke 

(d) Gelatin in strongly acidic solution 

All colloidal solutions show: 

(a) very high osmotic pressure 

(b) high osmotic pressure 

(c) low osmotic pressure 

(d) no osmotic pressure 

Which of the following is associated colloid? 

(a) Soap (b) Detergent: 

(d) None of these 

Which of the following is an emulsifier? 

(a) Oil (b) Soap (c) Solvent 

An emulsifier is a substance which: 

(a) helps in the dispersion of liquid in liquid 

(b) stabilises the emulsion 

(c) coagulates the emulsion . 

(d) purifies the emulsion 


(d) KCI 
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THE COLLOIDAL STATE 


The gold numbers of some colloidal solutions are given 
below: 


Colloidal solution Gold number 


A 0.01 
B 2.5 
Cc 20 


The projective powers of these colloidal solutions follow the 


order: [CET (J&K) 2006; AIEEE 2008] 
(a) C>B>A ‘(b) A>B>C 
(c) A=B=C (d) B> A>C 


Dialyser is a name given to: 
(a) lyophilic colloids 
(b) lyophobic colloids 


(c) to amembrane which can separate colloids from the solution 
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(d) none of the, above 

Flocculation value is expressed in terms of: 

(a) millimole per litre (b) mol per litre 

(c) gram per litre : (d) mol per millilitre 
Which of the following has minimum flocculation value? 


[PET (MP) 1990] 
(a) Pb?* (b) Pb** == (c) Sr** (d) Na* 
The charge of As,S, sol is due to the absorbed: 
' (@) H (b) OH =) OF (d) S? 
Which of the following has maximum flocculation value? 
(a). [Fe(CN)¢]* (b) cl” 
(c) SO7*Z" (d) PO} 
Above critical micelle concentration, particles get: 
[AMU (Medical) 2006] 
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(a) associated (b) dissociated 

(c) both (a) and (b) (d) none of these 

Continuous phase contains dispersed phase throughout. 
Example is: (VITEEE 2008) 
(a) water in milk (b) fat in milk 

(c) water droplets in mist  (d)_ oil in water. 

The movement of dispersion medium in an electric field when 
the dispersed particles are prevented from ‘moving is called: 
(a) cataphoresis. (b) electrophoresis 

(c) electro-osmosis (d) Brownian movement 

To coagulate gelatin sol, which of the following is most 
effective? 


(a) NaCl (b) Na;PO, (c) AICI, (d) Alcohol 
The emulsifying agent in milk is: | [EAMCET (Med.) 2010] 
(a) lactic.acid (b): fat 

(c) lactose (d) casein 


Colloidal solutions of metals like Cu, Ag, Au and Pt are 
generally prepared by using: 

(a) peptization (b) Bredig’s arc method 

(c) exchange of solvent (d) oxidation method 

Silver iodide is used for producing artificial rain because AglI: 
(a) has crystal structure similar to ice 

(b) is easy to spray at high altitudes 

(c) is easy to synthesise 

(d) is soluble in water 

The minimum concentration of an electrolyte required to 
cause coagulation of a sol. is called: 


76. 


77. 


78. 


80. 


81. 


82. 


83. 


85. 


86. 


88. 


> 


89. 


-(c) gold in water 
. A liquid is found to scatter a beam of light but leaves no 
“ residue when passed uel the filter Peper The liquid can be 


{a) lower than H,O 
+(e) equal to H,O 


(a) flocculation value 
(c) protective value 
Purple of cassius is: 
(a) colloidal solution of silver 

(b) colloidal solution of gold 

(c) colloidal solution of platinum 

(d) oxy acids of gold 

Which type of molecules form micelles? 

(a) Polar molecules (b) Non-polar molecules 
(c) Surfactant molecules (d) Any of these 

The name aquadag is given to the colloidal solution of: 
(a) copper in water (b) platinum in water 
(d) graphite in water 


(b) gold number 
(d) coagulation number 


described as: te | (AIIMS aca 
(a) a suspension Ie 

(c) acolloidal sol. 

Point out the false statement: 
(a} colloidal sols. are homogeneous 


(b) colloidal sols. carry +ve or —ve charge 


(b) oil> 
(d) true solution 


‘(c) colloidal sols. show Tyndall effect 


(d) the size of colloidal particles ranges between 10-2000 A 
The potential difference between the fixed charged layer and 
the diffused layer having opposite charge is called: 

(a) colloidal potential (b) zeta potential 

(c) electrostatic potential  (d) none of these 

An example of micelle is: 

(a) AsO, sol. 

(b) ruby glass 


- (c) Na,CO, solution 


(d) sodium stearate concentrated solution 

Surface tension of lyophilic sols. is: [PMT (MP) 1992] 
(b) more than H,O 

‘(d) none of these 

Which is not shown by sols.? [PMT (MP) 1992] 

(a) Adsorption (b) Tyndall effect 

(c) Flocculation (d) Paramagnetism 

An example of solid-solid system is: 

(a) smoke (b) coke 

(c) synthetic gems (d) pumice stone 

Detergent action of synthetic detergents is due to their: 

(a) interfacial area (b) high molecular weight 

(c) ionisation (d) emulsifying properties 

Blood contains: 

(a) positively charged particles 

(b) negatively charged particles 

(c) neutral particles 

(d) negatively as well as positively dea colloids 

Acolloidal solution always has at least: (CPMT 1993) 

(a) one-phase (b) more than two-phases 

(c) a true solution (d) two = 

Silica gel is commonly used as: 

(a) wetting agent -(b) drying agent 

(c) solvent | (d) catalyst 


[CET (Punjab) 1991] | 
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G.R.B. PHYSICAL CHEMISTRY FOR COMPETITIONS 


Which is not a colloidal solution of gas in liquid?. 


(a) Froth 

(c) Mist 

Fog is a colloidal solution of: 
[MLNR 1995; PMT (MP) 1991] 

(a) liquid particles dispersed in gas 

(b) gaseous particles dispersed in liquid 

(c) solid particles dispersed in liquid 

(d) solid particles dispersed in gas 

Emulsions of polyvinyl acetate are used in: 

(a) polishes (b) latex paints 

(c) fireworks (d) rayons 

When white light is passed through a colloidal solution 


(b) Foams with tiny bubbles 
(d) Whipped cream 


containing fine suspended particles of gold, then the scattering - 


light seen in a direction different from that of incident light is: 
(a) yellow coloured (b) blue coloured 
(c) green coloured (d) red coloured 
When a sulphur sol is evaporated, solid sulphur is left. On 
mixing with water no colloidal sol is formed. The sulphur sol 
is: : 
(a) hydrophilic (b) hydrophobic 
(c) reversible (d) lyophilic 
Tails of comets are visible due to: 
(a) Tyndall effect (b) reflection 
(c) Brownian movement (d) none of these 
Milk is an example of: 
[CPMT 1995; PET (MP) 2004; CET (J&K) 2004] 
(a) fat dispersed in water 
(b) water dispersed in fat 
(c) water dispersed in oi] 
(d) fat dispersed in fat 
Smog is an example of: 
(a) ice dispersed in air 
(b) water dispersed in air 
(c) smoke dispersed in air 
(d) smoke and water dispersed in air 
Peptization denotes: 
(a) digestion of food 
(b) hydrolysis of proteins 
(c) breaking of dispersion into colloidal state 
(d) precipitation of a solid from colloidal state 
Whipped cream is an example of: 


[ISM (Dhanbad) 1994] 


Dispersion Medium Dispersed Phase 
(a) Liquid Gas 
(b) Liquid Liquid 
(c) Liquid. Solid 
(d) Gas' Liquid 


Cottrell precipitator acts on which of the following principle? 
(a) Hardy-Schulze rule 

(b) Distribution law 

(c) Le Chatelier’s principle 

(d) Neutralization of charge on the colloidal particles 

CMC (critical micelle concentration) is: 

(a) concentration at which micelles are destroyed 

(b) concentration at which micelle formation starts 
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-(c) 10 mto 107 m 


(c) concentration of electrolyte added to destroy the micelles 
(d) concentration of micelles at room temperature 

Cod liver oil is: (CPMT 1997) 
(a) fat dispersed in water _(b) water dispersed in fat 

(c) water dispersed in oil (d) fat dispersed in fat 


Which is not lyophilic colloid? [PMT (MP) 19938] 

(a) Milk (b) Gum (c) Fog (d) Blood 

At the critical micelle concentration, the surfactant molecules: 
(CBSE 1998) 


(a) decompose 
(c) associate 


(b) dissociate 
(d) become completely soluble 


Which of the following ions can cause coagulation of 

proteins? : (KCET 2000) 

(@) Ag’ (b) Na* ©) Mg*—@) Ca* 

In Brownian movement or motion the paths of the particles 

are: (KMEE 2000) 

(a) linear (b) zig-zag 

(c) uncertain (d) curved 

Which is used for ending charge on colloidal solutions? 
(CBSE 2000) 


(a) Electrons (b) Electrolysis 

(c) Positively charged ions (d) Compounds 

Cloud or fog is a colloidal system in which the dispersed phase 
and the dispersion medium are: (KCET 2000) 
(a) gas, liquid (b) liquid, gas 

(c) liquid, liquid (d) solid, solid 

The electrolyte which has the least effect in the coagulation of 
Fe(OH), sol is: [KCET 2003] 


(a) potassium carbonate (b) sodium sulphate 
(c) potassium ferrocyanide (d) potassium iodide 
Blood may be purified by: [PMT (MP) 2000} 


(a) dialysis 

(c) coagulation 

Gold number was given by: 
(a), Ostwald (b) Zsigmondy 

(c) William and Chang (d) Langmuir 

The diameter of colloidal particle ranges from: (KCET 2004) 
(a) 10° mto 10° m (b) 10° mto 10"? m 

(d) 107 mto10° m 

The Tyndall effect is not observed in: 

(a) suspensions (b) emulsions 

(c) colloidal solutions (d) true solutions 

Which one is example of Micelle’s system? 

(a) Soap + water (b) Rubber + benzene 

(c) Protein + water (d) None of these 
Sedimentation potential is the reverse of: 

(a) electro-osmosis (b) electrophoresis 

(c) electrokinetic potential (d) Dorn potential 

Smoke has generally blue tinge. It is due to: 

(a) scattering (b) coagulation 

(c) Brownian motion (d) electrophoresis 

On adding AgNO, solution to KI solution, a negatively 


charged colloidal sol will be formed in which of the following 
conditions? 


(b) electro-osmosis 
(d) filtration 


THE COLLOIDAL STATE 


_ (a) 100 mL of 0.1 M AgNO, + 100 mL of 0.1 M KI 
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(b) 100 mL of 0.1 4-AgNO, + 50 mL of 0.2 M KI 
(c) 100 mL of 0.2 M AgNO, + 100 mL of 0.1 44 KI 
(d) 100 mL of 0.1 Mf AgNO, + 100 mL of 0.15 M KI 
Peptization of SnO, by NaOH gives: 
(a) [SnO,]SnO3 :2Na* —(b) [SnO, ]Sn** : 0?" 
(c) [SnO,]Na* : OH” (d) [SnO,]Sn** : OH 
Alum helps in purifying water by: (AIEEE 2002) 
(a) forming Si complex with clay particles 
(b) sulphate part which combines with the dirt and remove it 
(c) aluminium which coagulates the mud particles 
(d) making the mud water soluble 
Surface tension of lyophilic sols is: [PMT (MP) 2002] 
(a) lower than that of H,O (b) equal to that of H,O 
(c) more than that of H,O — (d) none of these 
Arsenic sulphide is negative sol. The reagent with least 
precipitating power is: [PMT (Manipal) 2002} 
(a) AICI, (b) NaCl (c) CaF, (d) glucose 
Which one of the following is correctly matched? 
’ [CEE (Tamil Nadu) 2002] 

(a) Emulsion-curd (b) Foam-mist 
(c) Aerosol-smoke (d) Solid sol-cake 
When H,S gas is passed through nitric acid, the product is: 

[CEE (Kerala) 2002] 
(b) prismatic sulphur 
(d) monoclinic sulphur 


{a) rhombic sulphur 
(c) amorphous sulphur 
(e) plastic sulphur 
Tyndall effect is shown by: 
(a) precipitate (b) sol 
(c) plasma (d) solution 
On addition of one mL of 10% NaCl solution to 10 mL gold 
sol in presence of 0.25 gm of starch, the coagulation is just 
prevented, starch has gold number: JPMT (MP) 2004] 
(a) 0.25 (b) 0.025 (c) 2.5 (d) none of these 
Which of the following forms cationic micelles above certain 
concentration? [CBSE (PMT) 2004| 
(a) Sodium dodecyl sulphate 
(b) Sodium acetate 
(c) Urea 
(d) Cetyltrimethyl ammonium bromide 
The smog is essentially caused by the presence of: 

{AIEEE 2004) 


[CECE (Bihar) Pre 2004] 


(a) O, and O, 

(b) O, and Ny 

(c) oxides of sulphur and nitrogen 

(d) O, and N, 

Which one of the following is most effective in causing the 


coagulation of an As_S, sol? (EAMCET 2009) 
(a) KC] (b) AICI, 
(c) MgSO, (d) K;[Fe(CN),] 


The fresh precipitate can be transformed in colloidal solution 
by: [CET (J&K) 2004] 
(a) peptization (b) coagulation 

(c) diffusion (d) none of these 
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Potassium stearate is obtained by the saponification of an oil 
or a fat. It has formula CH, —(CH,),, — COO” K*. The 
molecule has a lyophobic end (CH;—) and a lypophilic end 
COO” K*. Potassium stearate is an example for: 

{PET (Kerala) 2005] 
(a) lyophobic colloid 
(b) lyophilic colloid 
(c) multimolecular colloid 
(d) macromolecular colloid 
(e) associated colloid or micelle 


Which one of the following forms micelles in aqueous 
solution above certain concentration? [CBSE (PMT) 2005] 
(a) Dodecy] trimethyl ammonium chloride 


(b) Glucose 
(c) Urea 
(d) Pyridinium chloride 
Muddy water can be purified through coagulation using: 
; [CET (J&K) 2005] 
(a) common salt (b) alums 
(c) sand (d) lime 


The disperse phase in colloidal iron(II) hydroxide and 
colloidal gold is positively and negatively charged 
respectively. Which of the following is not correct? 
(AIEEE 2005) 
(a) Magnesium chloride solution coagulates the gold sol more 
readily than iron(II] hydroxide sol 
(b) Sodium sulphate solution causes coagulation in both sols 
{c) Mixing of the sols has no effect 
(d) Coagulation in both sols can be brought about by 
electrophoresis 
An emulsifier is a substance which: 
(a) stabilises the emulsion 
(b) homogenises the emulsion 
{c) coagulates the emulsion 
(d) accelerates the dispersion of liquid in liquid 
Gold number is associated with: [BHU (Mains) 2007; 
AMU (Engg.) 2010] 


(AIEEE 2005) 


(a) electrophoresis 

(b) purple of cassius 

(c) protective colloid 

(d) amount of pure gold 

Which one of the following is a false statement? 
{PMT (Kerala) 2007] 

(a) Cell fluid is an example of sol 7 

(b) Butter is an example of gel 

(c) Hair cream is an example of emulsion 

(d) Whipped cream is an example of foam 

(e) Cheese is an example of emulsion 

The presence of electric charge on colloidal particles is 

indicated by the property, called: |CET (J&1<) 2007] | 

(a) dialysis (b) solubility 

(c) electrophoresis (d) osmosis 

Which of the following properties are characteristic of 

lyophobic sols? (SCRA 2007) 

1. Low viscosity, 2. High viscosity, 3. Reversibility and 

4. Coagulation by electrolytes at low concentration 
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(a) Na,SO, 


G.R.B. PHYSICAL CHEMISTRY FOR COMPETITIONS 


Select the correct answer using the codes given below: 

(a) 2, 3 and 4 (b) 2 and 3 only 

(c) | and 4 only (d) | and 3 only 

In an electrical field, the particles of a colloidal system move 
towards cathode. The coagulation of the same sol is studied 
using _K,SO,(D, Na;PO,(0D, K,[Fe(CN),] (ID and NaCl 
(IV). Their coagulating power should be : 


[PMT (Kerala) 2008] 
(a))>(D>dm)> dv) (&) di) > d)> (> dv) 
(©) (I) >()> D> Cv) @) Av) > da) > @)> a) 


(e) TV) > (> (I) > (I) 

Cetyl trimethyl ammonium chloride is which type of 
detergent ? [CET (Gujarat) 2008] 
(a) Cationic (b) Anionic (c) Biosoft (d) Non-ionic 
The effective ion used in clarification of water is: 


(KCET 2008) 
(a) AB* (b) Ca? * (c) SO;7 (d) PO} ~ 
The number of moles of lead nitrate needed to coagulate 
2 mole of colloidal [Ag I]T is : [PET (Kerala) 2008] 
. 1 2 5 
a)2 l c)— d)- e)— 
(a) (b) {c) 5 (d) 3 (e) 5 


[Hint : 2[Ag I] + Pb?* ——> Pbl, + 2Agi 
Thus, one mole of Pb(NO;), is required to coagulate 2 mole of 
[Agl] 17] . 
Among the electrolytes Na,SOQ,,CaCl,, Al,(SO,), and 
NH, Cl, the most effective coagulating agent for Sb,S, sol is: 
; (IIT 2009) 
(b) CaCl, 
(c) Al, (SO, ); (d) NH,C1 
[Hint : Sb,S, sol is negative colloid, therefore, Al,(SO,), will be 
most effective coagulating agent. 
Abt > Ca2> Nat > NAY 
Decreasing coagulating power for egeively ] 


charged colloidal particles of Sb 283 . 
A micelle formed during the cleansing action of soap is: 
[EAMCET (Engg.) 2010} 
(a) a discrete particle of soap 
(b) aggregated particles of soap and dirt 
(c) a discrete particle of dust 
(d) an aggregated particle of dust and water 


The dispersed phase and dispersion medium in soap lather are 
respectively : [PET (Kerala) 2010} 
(a) gas and liquid (b) liquid and gas 

(c) solid and gas (d) solid and liquid 


Set-2: The questions given below may have more 


8 


- 


_(c) ultrasonic dispersion 
- Isoelectric point is the pH at which colloidal particles: 


than one correct answers 


- Lysione is not used as: 


(a) disinfectant 
(c) treating eye disease 


(b) germ killer | 
(d) anti-cancer drug 


» Which of the following are macromolecular colloids? 


(a) Starch (b) Soap (c) Detergent (d) Cellulose 


. Multimolecular colloids are present in: 


(a) sol of sulphur (b) sol of proteins 

(c) sol of gold (d) soap solution 

Methods used for the preparation of colloidal solutions are: 
(a) peptization (b) hydrolysis 

(d) coagulation 


(a) coagulate 

(b) become electrically neutral 

(c) can move toward either electrode 
(d) none of the above 


» Consider the following statements for micelles, which is/are 


correct? 

(a) At critical micelle concentration, several properties of 
solution of surfactants such as molar conductivity, surface 
tension and osmotic pressure change 

(b) Micelles from ionic surfactants can be formed only above 
a certain temperature called the Kraft temperature 

(c) Micelle formation is exothermic 

(d) Micelles are associated colloids 


. Which of the following are negative colloids? 


(a) Fe(OH), sol (b) As,S; sol 
_(c) Blood | (d) Gold sol 
Which of the following are examples of aerosols? 
(a) Whipped cream (b) Cloud 
(c) Fog (d) Soap lather 


Tyndall effect is applicable when: ; 

(a) the diameter of the dispersed particles is not much smaller 
than the wavelength of the light used ~ 

(b) the diameter of the dispersed particles is much smaller 

- than the wavelength of the light used 

(c) the refractive indices of the dispersed phase and the 
dispersion medium must be same 

(d) the refractive indices of the dispersed phase and the 
dispersion medium must differ greatly in magnitude 


— 


THE COLLOIDAL STATE 


_ Assertion-Reason TYPE QUESTIONS 


The questions given below consist of two statements each printed as 
‘Assertion’ (A) and ‘Reason’ (R). While answering these questions 
you are required to choose any one of the following four options: 


(a) If both (A) and (R) are correct and (R) is the correct 
explanation for (A). 

(b) If both (A) and (R) are correct but (R) is not the correct 
explanation for (A). . 

(c) If (A) is correct but (R) is incorrect. 

(d) If (A) is incorrect but (R) is correct. 


. (A) Colloidal silver iodide is prepared by adding silver nitrate 


in slight excess to potassium iodide solution. When 
subjected to an electric field, the colloidal particles 
migrate to the anode. . 

(R) Colloidal particles absorb ions and thus become 
electrically charged. 

(A) Lyophilic colloids such as starch, gelatin, etc., act as 
protective colloids. 

(R) Protective power of lyophilic colloids is expressed in 
terms of gold number. 

(A) True solutions do not exhibit Tyndall effect. 

(R) In true solutions, size of solute particles is much smaller 
than the wavelength of light used. © 

(A) The micelle formed by sodium stearate in water has 
—COO™ groups at the surface. 

(R) Surface tension of water is reduced by the addition of 
stearate. (AIMS 2003) 

(A) Lyophilic sols. are more stable than lyophobic sols. 

(R) Lyophilic sols. are highly hydrated in the solution. 
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(A) Colloidal sol. of Fe(OH), formed by peptization carries 
positive charge. 

(R) During the formation of positively charged colloidal 
particles of Fe(OH);, the electrons are lost by the colloidal 
particles of Fe(OH)3. 


. (A) Colloidal solutions are purified by dialysis. 


(R) In the process of dialysis, colloidal particles pass through 
parchment paper. 

(A) Fe** can be used for coagulation of As,S; sol. 

(R) Fe** reacts with As,S, to give Fe,S;.  (ATIMS 2006) 

(A) Fat is digested in the intestine by emulsification. 

(R) Bile salts stabilize the emulsion so formed. 

(A) NH,Cl and RCOONa are colloidal electrolyte. 

(R) The substances which behave as electrolyte below a 
certain concentration limit, beyond this limit colloidal sol. 
is formed, are called colloidal electrolyte. 

(A) Sulphide ores are concentrated by froth flotation process. 

(R) Pine oil forms emulsion in water. 

(A) The conversion of fresh precipitate to colloidal state is 
called peptization. 

(R) It is caused by addition of common ions. (AIIMS 2007) 

(A) Surfactant molecules form micelles above the critical 
micelle concentration (CMC). 


(R) The conductance of solution of surfactant molecules 


decreases sharply at the (CMC). 
(A) Soap and detergent are macro-molecular colloids. 
(R) Soap and detergent are molecular of large size. 
(A) Gold sol is hydrophobic and multimolecular. 
(R) Gold sol is prepared by Bredig’s arc method. 
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1. (a) 2. (b) 3. (a) 4. (c) 5. (b) 6. (d) 7. @) 8. (a) 
9. (b) 10. (c) 11. (a) 12. (b) 13.)  — 14, (a) 15. (c) 16. (a) 
17, (b) 18. (c) 19. (b) 20. (d) 21. (d) 22. (c) 23. (c) 24, (a) 
25. (a) 26. (c) 27. (b) 28. (d) 29. (c) 30. (a) 31. (c) 32.’ (b) 
33. (d) 34. (b) 35. (c) 36. (d) 37. (a) 38. (d) 39. (b) —40.@) 
41.(a) 42. (d) 43. (c) 44, (b) 45. (a) 46. (c) 417. (a) 48. (d) 
49. (d) 50. (d) 51. (c) 52. (b) 53. (a) 54. (a) 55. (a) 56. (c) 
57, (d) 58. (c) §9. (c) * 60. (b) 61. (b) 62. (b) 63. (c) 64. (a) 
65. (b) 66. (d) 67. (b) 68. (a) 69. (a) 70. (c) 71. (d) 72. (a) 
73. (b) 74. (a) "75. (a) 76, (b) 71. (c) 78. (d) 79. (c) 80. (a) 
81. (b) 82. (d) 83. (a) 84. (d) 85. (c) 86. (d) 87. (b) © 88. (d) 
89. (b) 90. (c) 91. (a) 92, (b) _ 93. (b) 94, (b) 95. (a) 96. (a) 
97. (d) 98. (c) 99. (a) 100. (c) 101. (b) 102. (c) 103. (c) 104, (c) 
105. (a) 106. (b) 107. (b) 108. (b) 109. (c) 110. (a) 111. (b) 112. (a) 
113. (d) 114. (a) 115. (b) 116. (a) 117. (d) 118. (a) 119. (c) 120. (a) 
121. (d) 122. (c) 123. (c) 124., (b) 125. (d) 126. (@)  —s-127. (©) 128. (b) 
129. (a) 130. (e) 131. (a) 132. (b) 133. (©) 134. (a) 135. (c) 136. (e) 
137. (c) 138. (c) 139. (b) 140. (a) 141. (a) 142. (b) 143. (c) 144, (b) 
145. (a) oo . ' 
@ Set-2 . a 

1. (b,c, d) 2. (a, d) 3. (a,c) "4, (a,b, ¢) 5. (a,b,c) 6. (ab,d) 7. (b,c,d) 8 (b,c) 
9 (a, d) 


1. (d) 2. (b) 3. (a) 4. (a) 5. (a) ° 6. (0) 7. (c) 8. (c) 
9. (a) 10. (a) 11. (a) 12. (b) 13. (b) 14. (d) 15. (b) 
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The following questions contain single correct option: 


1. Which of the following statements are correct? 

1. On the application of an electric field, the particles of 
lyophobic sol may move in either direction or not move at 
all. 

2. Surface tension of lyophobic sols is similar to that of the 
dispersion medium. 

3. Electro-osmosis is the movement of the particles of 
dispersion medium under the influence of an electric field. 

Select the correct answer using codes given below: 

Codes: 

(a)l,2and3 (b)land3 (c)2and3. (d)land2 

2. Which of the following statements are correct? 

1. The smaller the gold number of lyophobic colloid, the 
larger will be its protective power. 

2. Lyophilic sols, in contrast to lyophobic sols are easily 
coagulated on addition of small amounts of electrolytes. 

3. Ferric chloride solution is used to stop bleeding from a 
fresh cut because it coagulates the blood. 

4. The flocculation value of arsenious sulphide sol is 
independent of the anion of the coagulating electrolyte. 

Codes: 

(a) 1,2and3 (b) 1,3 and4 (c)2,3 and4 (d) 1,2 and4 

3. Match the List-I with List-II and select the correct answer 
using the codes given below the lists: ‘ 


List-I List-11 
A. Coagulation - 1.. Scattering 
B. Lyophilization 2. Washing of precipitates 
C. Peptization 3. Purification of colloids 
D. Tyndall effect 4. Electrolyte 
Codes: 

A B C D 

(a) 4 —_ 2. 1 
(b) > = 3° 4 
(c) —_ 1 2 4 
(d) 4 3 1 — 


4. The flocculating power of the given ions for the specified 
colloidal sols will be such that: 
Arsenic sulphide sol Ferric hydroxide sol 


(a) [Fe(CN),]* > PO}>SO} >Cl” Al* > Ba?* > Na* 
(b) Al?* > Ba?* > Na* [Fe(CN), J > POZ” > 
. soe > cr 
CV > SOF > POZ > 
Fe(CN),]* 

(d) Cr’ > SO} >PO} >[Fe(CN),]* Na* > Ba2* > A+ 


(c)Na* > Ba** > Al** 


10. 


11. 


12. 


13. 


14. 


15. 


16. 


IITASPIRANTS 


The coagulation value in millimoles per litre of electrolytes 
used for the coagulation of As,S, are as below: 
I. NaCl = 52 IL KCl = 51 
Ill. BaCl, = 0.69 IV. MgSO, = 0.22 
The correct order of their flocculating power is: 
{a)I >I >DI>IV (b)I >I >I =IV 
()IV>TIl >>I (*IV =I >>I 
Cotrell precipitator works on the principle of: 
(a) distribution law 
(b) addition of electrolyte 
(c) neutralisation of charge on colloids 
(d) Le Chatelier’s principle 
The substances involved in micellization are: 
(a) polyphilic in nature (b) non-polar in nature 
(c) diphilic in nature _ (d) uniphilic in nature 
The swelling of ‘gel’ when placed in water is called: 
(a) gelation (b) imbibition (c) thixotropy (d) syneresis 
A lyophilic sol is at its isoelectric point then it is: 
(a) negatively charged (b) positively charged 
(c) not charged (d) none of these 
Sedimentation potential is reverse of: 
(a) electro-osmosis (b) electrophoresis 
(c) electrokinetic potential  (d) streaming potential 
The potential difference between the fixed charged layer and 
the diffused layer having opposite charge is called: 
(a) zeta potential (b) colloidal potential 
(c) Dorn potential (d) streaming potential — 
Silver iodide is used for producing artificial rains because 
Agl: 
(a) is easy to spray at high altitude 
(b) is insoluble in water 
(c) is easy to synthesize 
(d) has crystals similar to ice 


_All colloidal solutions show: 


(a) very high osmotic pressure | 

(b) high osmotic pressure 

(c) low osmotic pressure 

(d) no osmotic pressure 

Colloidion is a colloidal solution of: 

(a) sucrose in water 

(b) cellulose in water 

(c) cellulose nitrate in water 

(d) cellulose nitrate in ethyl alcohol 

During micelle formation: 

(a) AH =+ve,AS=+ve (b) AH =—ve, AS =—-ve 

(c})AH=~—ve,AS=+ve (d)AH=+ve, AS =-ve 

Which of the following is not the property of hydrophilic 

solutions? 

(a) High concentration of dispersed phase can be easily 
obtained 
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(b) Coagulation is reversible C. Paints 3. Solids in solid 

(c) Viscosity and surface tension are nearly same as that of _ D. Jellies 4, Liquids in liquid 
water 5. Liquid in solid 

(d) The charge of the particles depends on the pH of the (a) A-4, B+2, C-1, D-5 (b) A-1, B-5, C-3, D-2 
medium and it may be positive, negative or zero (c) A-4, B-5, C-1, D-2 (d) A-1, B-2, C-3, D-5 

17. The coagulation of 100 mL of colloidal solution of gold is is 22. At CMC, the surfactant molecules undergo: 

completely prevented by addition of 0.25 g ofa substance “X” (a) association (b) aggregation 

to it before addition of 1 mL of 10% NaCl solution. The gold (c) micelle formation (d) all of these 

number of “.X” is: 23. The blue colour of the water of the sea is due to: 

(a)0.25  —— (b) 25 . (c) 250 (d) 2.5 ‘ 


(a) reflection of blue light by salts present in water 


(Hint: Number of milligrams of protective colloid added in (b) scattering of blue light by sol. particles 


10 mL of colloidal gold to prevent its coagulation on addition of 


1 mL of 10% NaC solution is called its gold number. (c) refraction of blue coloured light by the impurities present 
. Gold number of present colloid = 25 } si Seawater Le : 
18, Select the non-elastic gel out of the following: (d) absorption of radiation of different colours except blue 
e : light 


(a) starch (b) agar-agar (c) silicic acid (d) gelatin 


19, The colligative properties of a colloidal solution compared to a pene ty Bap, Dleedung fromm aa tnjury fenie chloride 

the solution of non-electrolyte of same concentration will be: hile aie bss 

Gyeune (b) higher Which comment about the statement is justified? 

(c) lower , (d) higher or lower . . ee [POET (Kerala) 2008] 
20, 1 mole of Agl/Ag* sol. is coagulated by: (a) It is not Filey LO chloride is a poison 

ri : : (b) It is true, Fe°” ions coagulate blood which is negatively 
(a) | mole of KI (b) 500 mL of 1 MK,SO, ch 
arged sol 
(c) 300 mL of | M@Na,PO, (d) | mole of Agl ey Te pottue Cl tone & sti 
: . ely charged sol, profu: 

21. Match the List-I (Colloidal dispersion) with List-II (Nature of ©) blecciing fakes alee. DR aS ee mE ane 


the dispersion) and select the correct answer using the codes (d) It is true, coagulation takes place because of formation of 


given sate me lists: List (SCRA 2007) negatively charged sol with CI” ions 

ist- ist- : . aie ae . 
(Colloidal dispersion) (alae ot dispetaion): (e) - ne true, ferric chloride is ionic and gets into blood 
A. Milk - 1. Solid in liquid 
B. Clouds 2. Liquid in gas 


1. ©) 2. (a) 3. (a) 4. () 5. (c) 6. ©) Cm 8. (b) 
9. (c) 10. (b) 11. (a) 12. (a) 13. (c) 14. (c) 15, (a) 16. (©) 
17. () 18. (c) 19.) 20. (a) 21, (a) 22, (d) 23. (b) =, 2A. (B) 


OMPREHENSION TYPE QuESTIONS @= 


e Passage 1 
There are certain substances which behave as normal, strong a, what Wee ob molecules fonmmucelies! 
electrolytes at low concentration but at higher concentration they (a) Non-polar molecules 
behave as colloidal solutions due to the formation of aggregated (b) Polar molecules 
particles. Such colloids are called associated colloids and the (c) Surfactant molecules 
aggregated particles are called micelles. Soaps and detergents are (d) Salt of weak acid and weak base 
the examples of associated colloids, The formation of micelles takes 3. Micelles are formed only: 
place above certain concentration called critical micellization (a) below the CMC and the Kraft temperature 
concentration (CMC) and a characteristic temperature. (b) above the CMC and below the Kraft temperature 
Answer the following questions: (c) above the CMC and above the Kraft temperature 
1, Micelles are: ; (d) below the CMC and above the Kraft temperature 
(a) emulsions cum gels _ 4, Above CMC, the surfactant molecules underga: 
(b) associated colloids (a) dissociation (b) aggregation 
(c) adsorbed catalysts (c) micelle formation (d) all of these 


(d) ideal solutions 
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5. Micelles are used in: 
(a) detergents 
(c) petroleum recovery 


(b) magnetic separation’ we 
(d) all of these 


e Passage 2 


Emulsions are also the colloidal :solutions in which disperse 
phase as well as dispersion medium are liquids. It may be oil in 
water or water in oil type. Bancroft proposed that the phase in which 
the emulsifier is more solubie becomes the outer phase of the 
emulsion. Emulsifiers can be used to stabilize the enuslsion. Soaps, 
detergents, proteins and gum, etc., are used as emulsifiers. 

Answer the following questions: 


1. Addition of lyophilic solution to the emulsion forms: 
(a) a protective film around the dispersed phase 
(b) a protective film around the dispersion medium 
(c) an aerosol 
(d) true solution 
2. Which of the following eemples is/are oil in water type 
emulsion? 
(a) Ink (b) Detergent. a 
(c) Soap (d) Milk ; 
3. Emulsions can be destroyed by: 
(a) the addition of emulsifier which tends to form another 
emulsion 
({b) electrophoresis with high potential 
(c) freezing 


(d) all of the above 
4. Which of the following is homogeneous? 

(a) Milk (b) Paint 

(c) Shampoo (d) None of these 
5. Milk is an emulsion in which: 

(a) milk fat is dispersed in water 

(b) a solid is dispersed in water 

(c) a gas is dispersed in water 

(d) lactose is dispersed in water: 


-Passage: 3. 


"The process of dialysis finds Ppiesion in 5 he purification sf 
blood by artificial kidney. In this method, impure blood is introduce 
in the artificial kidney apparatus, where the waste epee 
(electrolyte) diffuses through the membrane. The membrane used in 
the dialyser is different from the membrane used in osmosis. These. 
membranes allow the movement of ions through them. 

Blood is a negatively charged sol. The haemoglobin particles 
carry a positive charge. Blood is slightly alkaline (pH 736-742). 
Acidic salts like alum and FeCl, decrease the pH of the blood and the 
denaturation of globular proteins present in blood takes place. Due 
to denaturation, these globular proteins become fibrous which are 
insoluble and stop biceding. Blood is iyophobic in nature. 

Answer the following questions: 

1. To stop biceding, FeCl, is applied locally because: 
(a) FeCl, seals the blood vessels 
(b) FeCl, changes the direction of blood flow 
(c) FeCl, reacts with blood to form a solid substance which 

seals the blood vessel 

(d) FeCl, causes denaturation of proteins present in blood 

2. Which of the following colloidal solutions does not contain 
negatively charged particles? 
(a) Fe(OH), (b) As,S,; = (c) Blood —~ (d) Gold sol 

3. The coagulating power of an electrolyte for blood decreases in 

the order: 
(a) Na*, Al’*, Ba?* (b) PO}, SOF, CI” 
(c) Al**, Ba?*, Nat (d) CY, yee PO, 
4. Which of the following statements is/are not true? 
(a) Blood is positively charged sol 
(b) Soap solution contains ionic miceiles as the colloidal 
particles 
(c) Blood is purified by the process of dialysis 
(d) Ca?* and K* cause coagulation of blood if added in 
excess . 
§. Which of the following is/are lyophobic colloids? 
. (a) Blood —(b) Starch (c) Gelatin (d) Gold 


Passage 1. 1. (b) 2. (c) 
Passage 2. L. (a 2. (d) 
Passage 3. 1. (d) 2. (a) 


3. (c) 4. (b, c) 5. (a, c) 
3. (b,c) 4, (d) 5. (a) 
3. (c) 4. (a) 5. (a, d) 
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@ SELF ASSESSMENT @ 


“ASSIGNMENT NO. 6 _ 


SECTION-I 


Straight Objective Type Questions 


10. 


for ferric hydroxide sol? 


_ (a) colloidal sulphur 


This section contains 10 multiple choice eilesiong: Each 

question has 4 choices (a), (b), (c) and (d), out of which only 

one is correct. 

Dispersed phase and dispersion medium in butter are 

respectively: {[EAMCET (Medical) 2007] 

(a) solid and liquid (b) liquid and liquid 

(c) liquid and solid (d) solid and solid 

Which one of the following acts as the best coagulating agent 
[PMT (Kerala) 2007] 

(b) Hydrochloric acid 

(d). Potassium oxalate 


(a) Magnesium chloride 
(c) Aluminium chloride 
(e) Potassium ferricyanide 
The colloidal sol found efféctive in the treatment of eye 
disease is: 

(b) colloidal antimony 

(c) colloidal silver -(d) colloidal gold 

When alcohol is added to the saturated solution of calcium 
acetate in water then we first of all get sol which changes to 


gelatinous mass called solid alcohol. Solid alcohol is........ . 


(a) aerosol 
(c) solid foam 


(b) gel 
(d) solid sol 


. Colloidal solutions of gold prepared by different methods are 


of different colours because of: 

(a) variable valency of gold a 
(b) impurities produced by different methods - 
(c) different diameters of colloidal gold particles 
(d) different concentration of gold particles 
Emulsions of polyvinyl acetate are used in: 

(a) polishes (b) latex paints . 
(c) fire works (d) rayons 


. The outcome of internal liquid of gel on shaking is called: 


(a) syneresis 
(c) thixotropy 


(b) imbibition 
(d) precipitation 


. Which of the following shows the maximum hydrophobic 


behaviour? 

(a) Adenine (b) Glucose 

(c) Stearic acid (d) Glycine 

The solution of natural rubber in benzene is an example of: 
(a) lyophobic colloids (b) macromolecular colloid 
(c) multimolecular colloid (d) associated colloid 

When NaCI solution is added to Fe(OH), sol then: 


-. (a) [Fe(OH), ]Fe** is formed 
__ (b) [Fe(OH)3 ICI is formed 


(c) Fe(OH), is coagulated 
(d) [Fe(OH), ]Na* is formed 


SECTION-II 


Multiple Answers Type Objective Questions 


11. 


12. 


13. 


14. 


15. 


Which of the following are lyophilic in nature? 

(a) Gum (b) Sulphur (c) Starch (d) Protein 
Surfactant molecules form micelles in aqueous solution, 
which: 

(a) tend to congregate due to their hydrophobic tails 

(b) are colloidal-sized cluster of molecules _ 

(c) provide protection due to their Herarophiohie head 
(d) none of the above 

Crystalloid and colloid differ with respect to: 

(a) Tyndall effect 

(b) particle size 

(c) diffusion through animal or vegetable membrane 

(d) number of particles per unit volume of solution 
Select the correct statements among the following: | 

(a) Milk is emulsion of fat in water 

(b) An emulsifier stabilizes the emulsion 


(c) Emulsifier forms a thin ‘film around the aca of 
dispersed phase - 

(d) Milk is an emulsion of protein in 1 water 

Which of the following statements are true? 

(a) Flocculation value is inversely proportional to the 
coagulating power 

(b) Colloidal silica is a protective colloid 

(c) Alum is used for cleaning muddy water 

(d) Gelatin is added in ice cream, it acts as emulsifier 


SECT ION-I 


Assertion-Reason Type Questions 


16. 


_ This section contains-5 questions. Each question contains 


Statement-1 (Assertion) and Statement-2 (Reason). Each 
question has following 4 choices (a), (b), (c) and (d), out of 
which only one is correct. 

(a) Sfatement-1 is true; statement-2 is true; statement-2 is a 

' correct explanation for statement-1. 
(b) Statement-1 is true; statement-2 is true; statement-2 is not 
a correct explanation for statement-1. 
(c) Statement-1 is true; statement-2 is false. 


-(d) Statement-1 is false; statement-2 is true. 


Statement-1: Micelles are formed by surfactant molecules 


above the critical micellar concentration (CMC). 


’ Because 


Statement-2: The conductivity of solution: bavidg surfactant 


' molecules decreases sharply at the CMC. 


(JET 2007) 
[Hint: Micellisation takes place above certain minimum 
concentration called critical micellar concentration (CMC). Each 
micelle contains at least 100 molecules, therefore conductivity of 
solution decreases pshaply at the CMC.] 
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17. 


18. 


~it. 
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Statement-1: Aqueous gold colloidal solution is red in colour. 
Because 

Statement-2: The colour arises due to scattering of light by 

colloidal gold particles. = 

Statement-1: An emulsion becomes stable if soap is added to 


Because 
Statement-2: Soap contains hydrophobic. and hydrophilic 
parts. 


19. 


:20. 
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_ Statement-1; Colloidal solutions are oe neutral. 
_ Because 
Statement-2: Dispersed phase and dispersion medium are af 
same charge. 
Statement-1: Colloidal sél scatter the beam of light while true 


_ solutions do not. 


Beckie 


.Statement-2: The particles in colloidal sol are SSikoee than 


those of true solutions. 


3. (c) : 


‘1. () 2. (e) 4. (b) 
9. (b) 10. (c) 11. (a, ¢, d) 12. (a,b,c) 
17. (b) 18. (a) 19. (c). 


20. (a) 


5. (c) 
13. (a, b,c) 


“7. (cj 
15. (a, c, d) 


6. (>) 
14. (a, b, c) 


3%. (a) 
16. (b) 


“Sy which chemical energy is involved. 


INTRODUCTION.-~ 


Thermodynamics is a Greek word. Its literal meaning is motion 
or flow (dynamics) of heat (thermos). However, the term is used 
in a more general way. Thermodynamics is the branch of 
science which deals with all changes in energy or transfers of 
energy that accompany physical and chemical processes. It is 
concerned with interconversion of various forms of energy. 
Chemical thermodynamics is the branch of 
thermodynamics which deals with the study of processes in 


Or 
Chemical thermodynamics is one of the branches. of 
physical chemistry which deals with transport of heat either 
as a result of physical change or as a result of chemical 
change. , 
Chemical thermodynamics is concerned with the following 
questions: 
(i) When two or more substances are put together, will they 
react? 
(ii) If they do react, what energy changes will be associated 
with the reaction? 
(ii) If a reaction occurs, at what concentrations of the 
reactants and their products will equilibrium be established? 
-» Thermodynamics is not concerned with the total energy of the 


body but only with energy changes taking place during the 


transformation. The study of thermodynamics is based on three 
generalisations derived from experimental results. These 


generalisations are known as first, second and third law of. 


thermodynamics based on human experience and there is no 


formal proof for them. Scientists are of the view that nothing _ 


contrary to these laws will ever occur. 


.Limitations of thermodynamics: (i) The laws of 


_ thermodynamics apply’ only to the matter in bulk, ie., 


macroscopic system and not to individual atoms or molecules of 
the macroscopic system. Thermodynamics does not deal with 
internal structure of atoms and molecules. (ii) Thermodynamics 
can only predict the feasibility or spontaneity of a process under a 


4EMICAL THERMODYNAMICS 
- AND THERMOCHEMISTRY 


given set of conditions but does not tell anything about the rate at 
which the given process may proceed. It is only concerned with 
initial and. final states of the system. For example, 
thermodynamics predicts that the reaction between oxygen and 
hydrogen is possible under ordinary conditions but does not tell 
whether the reaction is fast or slow. 


7.2. TERMS USED IN THERMODYNAMICS 


Before we study the laws of thermodynamics, it is necessary to 
define some of the basic terms which are frequently used in its 
discussion: 

(i) System, Surroundings and Boundary: A system is 
defined as a specified part of the universe or specified portion 
of the matter which is under experimental investigation and 
the rest of the universe, ie, all other matter which can 
interact with the system, is surroundings. 

Anything which separates system and surroundings is called 
boundary. The boundary may be real or imaginary; it may 
be rigid or non-rigid; it may be a conductor or a non-conductor of 
heat. The terms diathermic wall and adiabatic wall are used for 
conductor and non-conductor of heat boundaries respectively. 

For example, a reaction is carried out in a beaker. The contents 
of the beaker constitute the system, beaker serves as boundary 
and the beaker, the air and anything else in the vicinity constitute 
the surroundings. 

(ii) Types of System: There are three types of system: 

(a) Isolated system: This type of system has no interaction 
with its surroundings. The boundary is sealed and insulated. 
Neither matter nor energy can be exchanged with surroundings. 


- A substance contained in an ideal thermos flask is an example of 


an isolated system. 


(b) Closed system: This type of system can exchange 
energy in the form of heat, work or radiations but not matter with 
its surroundings. The boundary between system and 
surroundings is. sealed but not insulated. For example, liquid in 
contact with vapour in a sealed tube forms a closed system. Heat 
can be transferred through the walls of the tube to the. 
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surroundings but total amount of matter remains the same as 
vapours cannot escape. 

(c) Open system: This type of system can exchange matter 
as well as energy with surroundings. The boundary is not sealed 
and not insulated. Sodium reacting with water in an open beaker 
is an ekample of open system as hydrogen escapes and heat of the 
reaction is transferred to the surroundings. 

On the basis of composition, there are two types of systems: 

(1) Homogeneous system: A system is said to be 

- homogeneous when it is completely uniform throughout. A 
homogeneous system is made of one-phase only. Examples are: a 

. pure single solid, liquid or gas, mixture of gases and a true 
solution. 

(2) Heterogeneous system: A system is said to be 
heterogeneous when it is not uniform throughout, i.e. , it consists 
two or more phases. Examples are: ice in contact with water, two 
or more immiscible liquids, insoluble solid in contact with .a 
liquid, a liquid in contact with vapour, etc. : 

(iii) Thermodynamic Properties: These are of two types: 
(a) Intensive properties: 
depend upon the quantity of matter present in the system or size of 
the system are called intensive properties. Pressure, temperature, 
density, specific heat, surface tension, refractive index, viscosity, 


melting point, boiling point, volume per mole, concentration, etc., 


are the examples of intensive properties of the system. 

.(b) Extensive properties: The properties whose magnitude 
depends upon the quantity of matter present in the system are 
called extensive properties. 

- Extensive property is an additive property of the system. For a 
heterogeneous system consisting of several phases, the total 
value of, extensive property will be equal to the sum of 
contributions from several phases. 

The following are some salient features of these properties : 
(i) In a system having two or more substances, the extensive 
property will depend not only on the independent variables but 
also on the number of moles of different components present in it. 
(ii) 1fan extensive property is expressed per mole or per gram, 
it becomes intensive property. For example, mass and volume are 
extensive properties but density (mass per unit volume) and 
specific volume (volume per unit mass) are intensive properties. 
(iii) The product, sum and ratio of intensive properties are also 
intensive properties. Let X and Y be two intensive properties, then 


(X +); XY; =; a are intensive properties. 


(iv) Let_X and Y be the two extensive properties, then 


(a) (X + Y) will also be an extensive variable. 


(b) as and Be will be intensive variables. 
Y oY : - 


Extensive and intensive properties 


Molarity Heat capacity 
Molality  € Mass 
Concentration Volume 


The properties which do not. 


Density Number of moles 
Temperature Gibbs free energy. ~ 
Pressure Enthalpy _ 

Mole fraction Entropy 
Molar enthalpy Internal energy 
Molar entropy , 
Refractive index 
Specific heat 
Viscosity 
Surface tension 


Dielectric constant 


When the total mass, temperature, volume, number of moles 
and composition have definite values, the system is said to be in a 
definite state. When there is any change in any one of these 
properties, it is said that the system has undergone a change of 
state. ; : 

(iv) State Functions or State Variables: Fundamental 
properties which determine the state of a system are referred to as 
state variables or state functions or thermodynamic 
parameters. The change in the state properties depends only 


‘upon the initial and final states of the system, but is independent 


of the manner in which the change has been brought about. In 
other words, the state properties do not depend upon a path 
followed. 

Following are the state variables that are commonly used to 
describe the state of the thermodynamic system: 


1. Pressure (P) 

3. Volume (V)} 

5. Enthalpy (7) 

7, Free energy (G) 


2. Temperature (T) 

4. Internal energy (£) 
6. Entropy (5S) 

8. Number of moles (7) 


(v) Thermodynamic Processes: When the thermodynamic 
system changes from one state to another, the operation is called a 
process. The various types of the processes are: 

(a) Isothermal process: The process is termed isothermal 
if temperature remains fixed, i.¢., operation is done at constant 
temperature. This can be achieved by placing the system in a 
constant temperature bath, i.e., thermostat. Fer an isothermal 
process dT = 0, i.e., heat is exchanged with the sberoundines and 
the system is not thermally isolated. 

(b) Adiabatic process: If a process is carried out under 
such condition that no exchange of heat takes place between the 
system and surroundings, the process is termed adiabatic. The 
system is thermally isolated, i.e, dQ=0. This can be done by 
keeping the system in an insulated container, i.e. , thermos flask. 
In adiabatic process, the temperature of the system varies. 

(c) Isobaric process: The process is known as isobaric in 
which the pressure remains constant trouenous the change, ie, 
dP=0. 

(d) Isochoric process: The process is termed as isochoric 
in which volume remains constant throughout the change, i.e., 
dv=0. 
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(e) Cyclic process: When a system undergoes a number-of 

. different processes and finally returns to its initial state, it is 

termed cyclic process. For a cyclic process dE = Qand dH = 0. 


(ff) Reversible process: A process which occurs 
infinitesimally slowly, ie, opposing force is infinitesimally 
smaller than driving force and when infinitesimal increase in the 

_ opposing force can reverse the process, it is said to be reversible 
process. In fact, a reversiblé process is considered to proceed 
from initial state to final state through an infinite series of 
infinitesimally small stages and at every stage it is virtually in 
state of equilibrium. A reversible process is an ideal process and 
cannot be realised in practice. 


' (g) Irreversible process: When the process goes from 


initial to final state in single step in finite time and cannot be 
reversed, it is termed as irreversible process. In such a case 
equilibrium state exists only at the initial and final stages of the 
process. An irreversible process is spontaneous in nature. It is 
real and can be performed i in practice. All natural processes are 
irreversible in nature. — 


Reversible process” Irreversible process 


1. It is an ideal process and takes|It is.a spontaneous process and 
infinite time. takes finite time. 

2. The driving force is sick The driving force is - much 

_ nally greater than the opposing] greater than the opposing force. 

force. 2 ; 

3. It is in equilibrium at all stages. |Equilibrium exists in the initial 

_jand final stages only, 

4. Work obtained is maximum. | Work obtained is not maximum. 

5. It is difficult to realise in/It can be performed in practice. 

piactice. : 

Nature of Work and Heat 


Work is a mode of energy transfer.to or from a system with 
reference to the surruundings. If an object is displaced through a 


distance d x against a force of F, then the amount of work done i is 


defined as 
; W>Fxdx 
There are many types of work and all of them could be 
expressed as the product of two factors: 
(i) an intensity factor, 
(ii) a capacity factor. 
Some of them are: 
(a) Gravitational work = (mg) xh 
where, m= mass of Pom g= acceleration due to er 
h = height moved. 
(b) Electrical work = charge x potential 
=OxV 
where, Q =charge,V = peri gradient. 
(c) Mechanical work =P... V2 —Vi )= Poy AV 
where, P,,, =external pressure, AV = increase or decrease in 
volume. 
Work associated with change in volume of a system against 
. external pressure is called mechanical work. 


‘S 
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Pg = intensity factor 
AV = capacity factor 
Work (w) is a path-dependent function, it is a manifestation of 
energy. Work done on a system increases the energy of the system 
and work done by the system decreases the energy of the sya: 
Work done on the system, w= + ve 


Work done by the system, w = — ve 


Heat may be defined as the quantity of energy which flows 


between a system and its surroundings on account of temperature 
difference. Heat always flows from high temperature to low 
temperature. ; 

Heat absorbed or evoived: AQ = ms At 
where, m= mass of substance, s = specific heat 
and Af =temperature difference. —~ 
(i) Heat flowing into the system, AQ or AH = + ve. | 

The process in this case is endothermic in which the 
temperature of the system is raised am that of the beaiTGUNGINES is 
lowered. 

(ii) Heat flowing out of the system, AQ or AH =— ve. - 

The process in this case is exothermic in which the 
temperature of the system is lowered and that of the surroundings 
is raised. 

Units of Heat and Work: The unit of heat is calorie (cal). It 
is defined as the quantity of heat required to raise the temperature 
of one gram of water by 1°C. 


Since, heat and work are interrelated, ST unit of heat is the 
joule (J). 
| joule = 0.2390 cal 
lealorie = 4.184 J 
I kcal = 4.184 kJ 
litre -atm = 101.3 J 


=1.013x 10° erg 


= 24.206 cal 
335588 EiSome Souven Exampes} re 


‘Example I. A gas expands by 0. 5 litre against a constant 
pressure of one nimosphere: Calculate the work done in joule and 
calorie. 


Solution: © Work =— P,,, x volume change 


=~1x0.5=-— 0.5 litre-atm 
. — =-0.5x 101.328 J = — 50.664 J 
0.5 litre -atm =—.0.5 x 24.20cal =~ 12.10cal 
> Example 2. One mole of an ideal gas is put through a 
series of changes as shown in the graph in which A,B and C 


mark the three stages of the system. At each stage the variables 
are shown in thé graph. | , 


(a) Calculate the pressure at three stages of the system. 
(b) Name the processes during the following changes: 
(1) Ato B(il) B to C (ili) C to A and (iv) overall change. 
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24.0 (L) ‘Bo 
12.0 (L) | 
oe) 


8 
a) 
x 


Solution: (a) At stage A: 
V =240L;T = 300K; n=1;R = 0.0821 litre-atm K™ mol’ 


Substituting these values in the ideal gas equation, - 


PV =nRT, 
= 1x 0.0821 x 300 “i 'opeeta 
24.0 


At stage B: Volume remains the same but temperature 
changes from 300 K to 600 K. Thus, according to pressure law, 
the pressure will be doubled at B with respect to A. 

Pressure at B = 2 x 1.026= 2.052 atm 

At stage C: Temperature is 300 K and volume is half that of 
stage A. Thus, according to Boyle’s law, the pressure at C will be 
doubled with respect to A. 

Pressure at C = 2x 1.026= 2. 052 atm 


(b) Gi) During the change from 4 to B, volume remains 
constant, ‘the process is isochoric. 

(ti) During the change from B to C the pressure remains 
constant, the process is isobaric. 

Gii) During the change from C to A, the temperature remains 
constant, the process is isothermal. 

(iv) Overall, the process is eyélic as it returns to initial state. 
:.--Example3. The diagram shows a P-V graph of a 
hermodviainic behaviour of an ideal gas. Find out from this 
graph (i) work done in the process A — B,B—-C,C - D and 


D—-A, (i) work done in the complete cycle 
A>B>C>D-A, 
Solution: . (i) Work done in the process 4 — B (the process 


is expansion, hence work is done by the gas) 


= 
Oo Nn 


P (10° nawton/m?) —> 
nm -’- OH Ow 


42345 6 
V (litre) ——> 


=—PxdV =-12x10° x 5x10" 
=~ 6000J 


. Work done in the process B —>C is zero as volume remains 
constant. 


Work done in the process C > D (The poneess is contraction, 
hence work is done on the gas) — 


=P x dV =2x 10° x ae 
=1000J 
Gi) Work done in the process D—> A iS zero as vole : 
remains constant. 
Net work done in the whole cycle = — 6000- + 1000 = — 50003 
ie, net work is done by the gas. pes a 
Example 4. Calculate the work done when 1.0 mole: of 


water at 373 K vaporizes against an atmospheric ieaslais of 1.0 
atmosphere. Assume ideal gas behaviour. 

Solution: The volume occupied by water ‘is very small and 
thus the volume change is equal to the volume occupied by one 
gram mole of water vapour. 


y= BRT _ 1.0% 0.0821 373 _ 5) tr 


=~ P,, x AV =~—(1.0)x (31.0) litre -atm 
= — (31.0) 101.33 = -3140.3J 


Example 5. Identify different steps in the following cyclic 
process: 


Temperature At A,B 
and F is 7, and atC, 
Dand £ is T, 

T, >T, 


\Y--, 


Solution: (i) A—»B (Temperature and pressure are 


. constant). 


It is isothermal and isobaric process. 


(ii) BC: It is adiabatic cas) in wach temperature 
falls from 7, to T,. 
(iii) CD (Temperature and volume are constant) 
This process is isothermal and isochoric.. 


(iv) DOE (Temperature and pressure are constant) 
It is isothermal and isobaric contraction. 
(v) E-F (itis adiabatic compression in which temperature 
increases from 7, to 7, ). : 
(vi) F — A (Temperature and volume are constant). 
It is isothermal and isochoric process. 


Example 6. One mole of a monoatomic gas is subjected to 
following cyclic process: 
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Ty, 20 atm, 


: To, 20 atm, 20 litre 
5 ! A 1 litre. B 
P 
Ty, 2 atm, 10 litre 
Vy—_—_ 


( a) Calculate T, andT,. 


(b) Calculate AE, q and W in calories in each step of cyclic 
Process. 


Solution: (a) AtA: 
PY =nRT 
20x 1=1x 0.0821 x 7, 
: T, = 243.6K 
AUB: PY =nRT 
20x 10= 1x 0.0821 x T, 


> = 2436.05 K 
(b) Path AB: Isobaric process (AE = 0,q=W ) 
W = PAV = 20x 9= 180 litre -atm 
_ 180x 101.3 , 
"4.185 
= 4356.9cal 
Path BC: 
W=0 


qy =AU=nCy ar =1x2.Rx 02436- 243.6) 


(Work in compression is positive) 
Isochoric process 


= =x 2x 2192.4 = 6577.2cal 


It is cooling process : gy =~ 6577.2cal 


Path CA: It is asothermal compression AE, 


y 
g=W = 2.303 nRT log 4 
yi 


g = W =2.303x 1x 2x log ° = 1122.02cal 


INTERNAL ENERGY 


Every system having some quantity of matter is associated with a 
definite amount of energy. This energy is known as internal 
energy. The exact value of this energy is not known as it includes 
all types of energies of molecules constituting the given mass of 
matter such as translational, vibrational, rotational, the kinetic 
and potential cnergy of the nuclei and-electrons within the 
individual molecules and the manner in which the molecules a~ 
linked together, etc. The internal energy is denoted by E. 


E=E iranslational ide rotational T E vibrational +E bonding +£. electronic + eee 
Accurate measurements of some forms of energy which 
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contribute to the absolute value of internal energy for a given - 
substance in a given state is impossible. But one thing ts certain 
that the internal energy of a particular system is a definite 
quantity at the given moment, irrespective of the manner by 
which it has been obtained. Internal energy like temperature, 
pressure, volume, etc., is a state function, ie., total of all 
possible kinds of energy of a system is called its internal 
energy*. 

It is neither possible nor necessary to calculate the absolute 
value of internal energy of a system. In thermodynamics, one is 
concerned only with energy change which occurs when the 
system moves from one state to another. Let AE be the difference 
of energy of the initial state (£, )and the final state (£ , ), then 

AE=E,-E; 
AE is positive if E , > E; and negative if E , < E;. 

A system may transfer energy to or from the surroundings as 
heat or work or both. 


Characteristics of Internal Energy 
(i) Internal energy of a system is an extensive property. _ 
(ii) Internal energy is a state property. 
(iii) The change in the internal energy does not depend on the 
path by which the final state is reached. 
{iv) There is no change in internal energy in a cyclic process. 


Thermal Equilibrium and Zeroth Law of 
Thermodynamics 

When a hot body is kept in contact with a cold body, the cold 
body warms up and the hot body cools down. The internal energy 
of the hot body decreases and that of cold body increases. The 
transfer of energy from the hot body to a cold body is a 
non-mechanical process. The energy that is transferred from ee 
body to the other, without. pany mechanical work involved , 
called heat. 

Two bodies are said to be in thermal equilibrium if no transfer 
of heat takes place when they are placed in contact. 

The temperature concept can be stated precisely by the fact 
that systems in thermal equilibrium with each other have the 
same temperature. 

Courses of thermodynamics usually deal with ihe three laws : 
the first, second and third laws, which constitute the subject 
matter of thermodynamics. However, at present an ever 
increasing use is made in thermodynamics of the law of thermal 
equilibrium formulated by R. Fowler in 1931, i.e., the Zeroth law 
of thermodynamics. This law was formulated after the first and 
the second laws had been enunciated. 

This law states : If two systems are in thermal equilibrium with a 
third system, they are also in thermal equilibrium with each other. — 

Conversely, the law can be stated as follows : 

If three or more systems are in thermal contact with each other 
by means of diathermal walls and are all in thermal equilibrium 
together, then any two systems taken separately are in thermal 
equilibrium with each other. 

Now let us consider three systems A, B and C as shown in Fig. 
7.1. It is an experimental fact that if system 4 is in thermal 


*The word internal is often omitted and the word energy implies internal energy of a system. 
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equilibrium with system C and system # is also in thermal 
equilibrium with system C, then A and-B are in thermal 
equilibriuna with each other. 


Fig. 7.1 Systems in thermal equilibrium 


FIRST LAW OF THERMODYNAMICS. 


This law has been stated in various forms but is merely the law of 
conservation of energy. It was given by Robert Mayer and 
Helmholtz. 

(i) Energy cannot be created or destroyed but it-can be 
converted from one form to another. 

(ii) The total energy of the universe is constant. 


Gii) Whenever a quantity of one kind of energy disappears, an 


exactly equivalent quantity of energy in some other form must 
appear. 

(iv) It is impossible te construct a perpetual motion machine 
which could produce work without consuming energy. 

(v) The total energy of an isolated system remains constant 
though it may change from one form to another. 

When a system is changed from initial state to the final state, it 
undergoes a change in the internal energy from E; to £ ,. Thus, 
AE can be written as: 

AE =E, ~E, 

The change in internal negey, can be brought about in two 
ways: 

(a) Either by allowing the heat to flow into the system 
(absorption) or out of the system (evolution). 

(b) By doing work on the system or the work done by the 
system. | 

Consider a system whose internal energy is F, . If the system is 
supplied g amount of heat, the internal energy of the system will 
become E, + g. Now if work w is also done on the system, the 
final internal energy becomes E,. Thus, 


or E,-E,=qtw 
or AE=q+w 


This is the mathematical statement of the first law of 
thermodynamics. In this statement, g is the heat absorbed and wis 
the work done on the system. 

In case g is the heat absorbed and w the work done by the 
system, then the relationship becomes 
: AF =q+(-w)=q-w 

The first law of thermodynamics may also be stated as: 


The net energy change of a closed system is equal to heat 
absorbed plus the work done on the system. 


Or 


The net energy change of a closed system is equal to heat 
absorbed minus the work done by the system. 


Or 
It is impossible to construct a mobile or perpetual machine 
that can work without consumption of any fuel energy. 
>" Example 7. If 500 calorie of heat energy are added to a 
system and the system does 350 calorie of work on. the 
surroundings, what is the energy change of the system? 
Heat absorbed, ¢ = 500cal 


Work done by the system, w = — 350cal 


Solution: — 


Applying the first law of thermodynamics, 
AE =q+w= 500+ (—350)= 150 calorie 
Example 8. 1f 100 calorie of heat are added to the same 


system as in example land a work of 50 calorie is done on the 
system, calculate the energy change of the system. 


Solution: Heat absorbed, g = 100cal 


Work done on the system, w= + 50cal 
Applying the first law of thermodynamics, 
AE =q+w= (100+ 50)= 15Ucalorie 

In the above two examples, the final state is same but the paths 
adopted are different. Thus, the change in energy of the system 
depends on the initial and final states but does not depend on the 
path by which the final state has reached, g and ware, therefore, 
not state functions but AZ is a state function. 


Some useful conclusions drawn from the first law: 
AE=gq+tw 

(i) When a system undergoes a change AF = 0, i.e, there is 
no increase or decrease in the internal energy of the system, the 
first law of thermodynamics reduces to 


O=qtw 
or q=-w 
(heat absorbed from surroundings = work done by the system) 
or _ Ww=-q 


(heat given to surroundings = work done on the system) 


(ii) If no work is done, w = Oand the first law reduces to 
AE=4q 
i.e., increase in internal energy of the system is equal to the heat . 
absorbed by the system or decrease in internal energy of the. 
system is equal to heat lost by the system. 
(iii) If there is no exchange of heat between the system and 
surroundings, q = 0, the first law reduces to 
AE=w 
It shows that if work is done on the system, its internal energy 
will increase or if work is done by the system, its internal energy 
will decrease. This occurs in an adiabatic process. 
(iv) In case of gaseous system, if a gas expands against the 
constant external pressure, P, let the volume change be AV. The 
mechanical work done by the gas is equal to —P x AV. 
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Substituting this value in AE = qtw, 


AE =q-PAV 
When AY = 0, 
AE=@ or qy 


The symbol gy indicates the heat change at constant volume. 
- Example 9. 4 gas contained in a cylinder fitted with a 
frictionless piston expands against a constant pressure 1 
atmosphere froma volume of 4 litre to a volume of 14 litre. In 
doing so, it absorbs 800 J thermal energy oe surroundings. 
Determine AE for the process. 

Solution: Given, g = 800J 

AV = (14—4)=10litre ~ 
w=-PxAV=—1x10=~—10litre-atm 
But 0.082 litre -atm = 1.987 cal 


So, erates AL VEON 
0.082 
But _—_dealorie = 4.184 J 

So, w=—242.3x 4.184 =-1013.7J 


Substituting the values in equation, 
AE = q + w= (800- 1013.7) =~ 213.7] 


75. ENTHALPY 
Heat content of a system at constant pressure is called enthalpy 
denoted by ‘#7’. 
From first law of thermodynamics; 
Q=E+PV. .- (i) 
Heat change at constant pressure can be given as. 


AQ = AE + PAV Gi) 


At constant pressure heat can be replaced by enthalpy. 
AH =AE+ PAV .- (iii) 
Constant pressures are common in chemistry as most of the 
reactions are carried out in open vessels. 
At constant volume, AV = 0; thus equation (ii) can be written 
as 
‘AQ=AE 
AH = Heat change or heat of reaction (in cheiwical process) 
at constant pressure 
AE = Heat change or heat of reaction at constant volume. 
(i) Incase of solids and liquids participating in a reaction, 
AH = AE (P AV = 0) 
(ii) Difference between AH and. AF is significant when ngAses 
are involved in a chemical reaction. 
AH = AE + PAV. 
AH =AE + AnRT 
Here, PAV = AnRT 
-An = Number of gaseous moles of products — Number of 
’ gaseous moles of reactants. 
Using the above relation we can interrelate heats of reaction at 
constant pressure and at constant volume. 


7.6 HEAT CAPACITY 


Heat capacity of a system is defined as the quantity of heat 
required to raise the temperature of the system by one degree. Let 
a very small quantity of heat dq be given to a system and the 


_ temperature of the system rises by dT. 


Thus, Heat capacity = -——— 


The heat capacity of a system, particularly in a gaseous 
system, determined at constant volume, is different from that 


_ determined at constant pressure. 


At constant volume, q=AE 


So, Heat capacity at constant volume, Cy = (=) 
eo, oT )y 
At constant pressure, g = AE + PAV = AH 

ae 2 
So, Bee capacity at constant pressure, Cp = -() 
OT /p 
For 1 mole of a gas, heat capacities at constant volume and 
constartt pressure are denoted by C,, and Cp, respectively. These 
are termed as-molar heat capacities. Thus, for 1 mole of a gas, 


OE 
C,= 
-(F) 
: oH 
d Cp =|— 
= si (F). 


The difference between Cp and Cy is equal to the work done 
by 1 mole of gas in expansion when heated through 1°C. 

Work done by the gas at constant pressure = P AV. 

For | mole of gas PV = RT. 


When temperature is raised by 1°C, the volume becomes 
V+A¥V; 


So, PV +AV )=R(T+)) 
or  PAV=R 
Hence, Cp -Cy =PAV=R 


f 
Ratio of heat capacity t 


= a depends on atomicity of gas. 
4 . 


oOo 


Cy+R 


Atomicity- | Cp= 


Monoatomic He, Ne, 
Ar etc. 


Diatomic 
02, N,, Hy, Ch: 


Tri and polyatomic 
CO,, NH,, SO;" 
NO,, CH, etc. 


Let , and n, moles of two non-reacting gases A and B are 
mixed then heat capacity of the mixture may be calculated as. 
n, (Cy), +> (C_ ) 
(on wereme =r 
ny a Ny 
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7.7 EXPANSION OF ANIDEALGAS | 


{i) Isothermal Expansion 
In an isothermal expansion, heat is allowed to flow into or out _ 
of the system so that temperature remains constant throughout the 
process of expansion. Since, for an ideal gas, the internal energy, 
- AE, depends only on temperature, it follows that at constant 
temperature, the internal energy of the gas remains constant, i.e., 
AE is zero. 


. AE HC 0. 

According to first law of thermodynamics, 

AE=q+w 
Since, for isothermal process, AE = 0, hence 
: yaa pes | 

This shows that in isothermal expansion, the work is done by 
the system at the expense of heat absorbed. The magnitude of q or 
w depends on the manner in which the process of expansion is 
carried out, i.e. , whether it is carried reversibly or irreversibly. 


Calculation of A H ‘can be done according to the following 
equation: , 


H=E+PV 
or AH =AE+A(PV ) 
or AH = AE + A(mRT ) 


Since, for isothermal process, AE and AT aré zero 
- respectively, hence, 
AH =0 


Work done in reversible isothermal expansion 
Consider an ideal gas enclosed in a cylinder fitted with a 
weightless and frictionless piston. The cylinder is not insulated. 


The external pressure: P18 equal to pressure of the gas, Pras 
Let it be P. 
Fi ext = P. £as =P = 

If the external pressure is decreased by. an infinitesimal: 
amount dP, the gas will expand by an infinitesimal volume, dV. 
As a result of expansion, the pressure of the gas within the 
cylinder falls to P,,, - dP, i.e., it becomes again equal to the 
external pressure and,-thus, the piston comes to rest: Such a 
process is repeated for a number of times, i. e. ,in each step the gas 
expands by a volume dV. 

Since, the system is in thermal equilibrium with the 
surroundings, the infinitesimally small cooling produced due to 
expansion is balanced by the absorption of heat from the 


Fig. 7.2 


" depends upon the external pressure. The higher the value of P, 
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surroundings and the temperature remains constant throughout 
the expansion, 

The work done by the gas in each se of expansion can be 
_ given as, 


d,, =—(Poy ~dP)dV =-P,,, dV =~P dV 


dP - dV ,the product of two infirlitesimal quantities, is neglected. 


The total amount of work done by the isothermal reversible 
expansion of the ideal. “gas, from volume V, to volume V,, is, 
therefore, 


Wy 
=-[ Pav 
yy 
For an ideal gas, = a 
So, | . w=—nRT a dV 
a a 


V, 
Integrating, - ~—nRT log, = = —2.303nRT log 2 y, 
1 


_ At-constant a temperature, decostitig to Boyle’s law, 


PY = PV, 
or ate it 
. Vi P, 
. Pa) 
So, - w= —~2.303nRT log rs 


: 2 
Isothermal compression work of an ideal gas may be derived: 
similarly and it has exactly the oe value with positive sign. 


Weompression = 2.303nRT log = — = 2,303nRT log a 
VY, 1 


Work done in irreversible isothermal expansion 


Two types of irreversible isothermal expansions are observed, 
i.e., (i) Free expansion and (ii) Intermediate expansion. In free 
expansion, the external pressure is zero, i.e., work done is zero 
when gas expands in vacuum. In intermediate expansion, the 


external pressure. is less than gas pressure. So, the work done 


when volume a Se from V, toV, is given by 
we- J. Poy XV = — ext V2 —Y) 


Since, P.,, is less ds the pressure of the gas, the work done 
during intermediate expansion is numerically less than the work 
done during reversible isothermal expansion in which P.,, is 
almost equal to P,,, 


Maximum work: The work done by the system always 
ext > 
the more work is done by the gas. As P.,, cannot be more than 
Ps , otherwise compression will occur, thus the largest value of 
Be can be equal to P,,,. Under this condition when expansion 
occurs, the maximum work i is done by the gas on the surroundings. 


(ii) Adiabatic Expansion 


In adiabatic expansion, no heat is allowed to enter or leave the” 


system, hence, g = 0. When this value is substituted in first law of 
thermodynamics, AE = q + w, we get AE = w.- 

In expansion, work is done by the system.on the surroundings, 
hence, w is negative. Accordingly AE is also negative, i.e., 
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internal energy decreases and therefore, the temperature of the | 


system falls. In case of compression, AE is positive, ie., internal 
energy increases and therefore, the temperature of the system 
rises. 

The molar specific heat capacity at constant volume of an 
- ideal gas is given by . 


(2 
aT jy 
or dE =Cy -dT .. i) 
and for finitechange AE=C, AT. ... (ii) 
So, w=AE=C, AT ... (iii) 


The value of AT depends upon the process whether it is 
reversible or irreversible. 
Reversible adiabatic expansion. 


Let P be the external pressure and AV the increase in volume. 
Thus, the work done by the system is 


w=-PAV ... (iv) 
If AT is the fall in temperature, then 
Cy AT=~-PAV wa (V) 


For very small change in reversible process, 


C,dT =—- PdV = -** av (for | mole of the gas) 


Cy aR (vi) 


Integrating the above equation between temperatures 7, and 
T, when corresponding values are V, and V,, 
Ty aT _ Vy dV 
es ee 


or lo = lo lo w (vii 
a C, By C, a7 (vii) 
Weknow that,  Cp+7Cy=R 
or. Ce yak 
Cy Cy 
i 
R 
or =-l}=—— 
ry) C, 
. R, i 
Putting the value of — in eq. (vii), 
Cy 
T. V, 
log 2 = 1) log 
7 Yy-) By, 
-1 
yy} 
=log|— ... (viii 
al) os 


‘ ¥ -1 
or . ae 7. wa. (IX) 


yo] 
or eins Va. (x) 
mh WY 
y ¥-1 
ts AY, _(Vo 
Py \M, 
or PV," = P,V," as (KI) 
or PV Y =constant w. (xii), 


Thus, knowing y,V, ,/ and initial temperature, 7, , the final ¢ 
temperature, 7,, can be readily evaluated. 
Modifying the eq. (x), 


RE 
ee | te by 
T, | RT PT 
Bis . 


Gt . dt 
P. 
or’ dy sae (2) (Kili) 
, T, P, P, 
Thus, knowing y, P,, P, and initial temperature, the final 
temperature, 7, , can be evaluated. 
From eq. (Vv), 
Work done = Cy -AT = Cy (Ty -T; en (T, -T;) 
We) 
For 7 moles Sy SN (T, —T, ) 
a=) 
Irreversible adiabatic expansion 
In free expansion, the external pressure is zero, i. e., work done 


- is zero. Accordingly, AE which is equal to wis also zero. If AF is 


zero, AT should be zero. Thus, in free expensron (adiabatically), 
AT = 0, AE=0, w= Oand AH = 0. 
In intermediate expansion, the volume changes from V, to V, 


against external pressure, P,,,. 


RT, RT, 
We Pa V2 VY = — Pent ( =| 
pe PART xn 
PP, 
or W=Cy (Ty -T,)=— RP Gara | 
| “Internal |. 
Condition |. change ¢ presi Work done 


-* 0 
AU nCy AT 


Free (V7) constant} _ . 
expansion | () constant | 
Isochoric : : 


Isothermal | (7') constant 
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(P) constant 


Isobaric 


nCp AT 


Adiabatic | (g) constant 


Cyclic — 


process 


GRAPHICAL REPRESENTATION OF 
VARIOUS THERMODYNAMIC 
PROCESSES AND THE CALCULATION 
OF WORK DONE BY GRAPHICAL 
METHODS 


1. Graphically, different processes can be represented as follows. 


lsobaric process 


a 


Isothermal process 


Pressure 


Adiabatic process 
Isochoric process 


Volume ———> 
Fig. 7.3 (a) 


Expansion 


Compression. 


| !sothermal 


Adiabatic 


Volume ———> Volume ——> 
Fig. 7.3 (b) Fig. 7.3 (c) 

2, Let a gas is compressed from V; or V, by an external 
pressure of P,,,. The work done on the gas can be calculated by 
the shaded area of the graph basa in following Fig. 7.4. 

Work done on the gas, w= — P. Vy -V;) 


= + ve work, SinceV, <V; 


"Volume —» 


Fig. 7.4 Single step compression of ideal gas against 
external pressure P,,, 


3. Let compression of gas takes place from volume FV, to Vy in 
the finite number of stages then the work done on the gas can be * 
calculated by summing up the work of all stages. _ 

Work done on the gas = Shaded area of the diagram. 


> 


Pressure 


Volume -———> 
Fig. 7.5 Indicator diagram (P-V) plot in which the compression 
took place in the finite number of steps with varying pressure 
4. Graphically, the work of expansion can also be determined. 
In case, if a graph is plotted between P and VY; then the area under 
the curve gives the external work done by the gas. 


a < 


Pressure 


V4 V2 
Volume ———> 
Fig. 7.6 Shaded area gives the work done by the gas when 
pressure remains constant 


Wexp = Poi (V2 - Vi) 
=— ve work 


——> 


Pressure 


Vi~CO 
Volume ———> 
Fig. 7.7 Shaded area represents the work done byt the gas 
when both pressure and volume vary 
5. Work done by a gas undergoing cyclic process : It is 
determined with the help of following three graphs. 


—> 


(PV474) 


Pressure 


Volume —> 


Volume ———> 


Volume ——--> 


(a) . (b) (c) 
Shaded area Shaded area Shaded area 
gives the work . gives the work gives the net work — 
done by the gas done on the gas done by the gas 


Fig. 7.8 Complete cyclic process of a gas 
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6. Work done by the gas in a closed path ABCA. 


Pressure 


Vi © M20 
Volume ———>_ 
Fig. 7.9 The gas in closed cyclic process ABCA 
Work done = Area of shaded triangle 


= = x Length of base x Length of perpendicular 


=5x0; ~Vi -P) 

7. Let a system of gas passes from initial state 4 to B in 
following three ways. The work done by the gas will be 
calculated by the shaded area. 


<= Ter < — 
(a) (b) (c) 


Fig. 7.10 Graphical proof that the work is not a state 
function 


8. Work done in clockwise and anti-clockwise cyclic & 


process : 


(2)  ) 


‘Fig. 7.11 Representation of closed cyclic process in 
clockwise ahd anti-clockwise direction | 


Shaded area represents the net work done in ae cyclic 
process. 


. Case I: If the cyclic process is in clockwise deren then | 


work done will be negative because the net work will done by 
the system. 


Case I : If the cyclic process is in anti- clockwise direction 


then work done will be positive because the net work i is done on- 


the system. 2 
* 
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9. If the state of a system changes in such a way that its volume 
remains constant, the process is called isochoric. Following three 
plots represent isochoric process. 


{a) (é (b) (c) 
Fig. 7.12 Isochores of Ideal Gas 


10. If the state of system changes in such’a way that pressure is 
constant, the process is called isobaric. 


T—> 
() 


V——> 
(a) 


Fig. 7.13 Isobars of Ideal Gas . 


11. If the state of a system changes in such a way that 
temperature remains constant, the process is called isothermal. 


VP tT | mad 
_@) ; a i) 


Fig. 7.14 isotherm of Idea! Gas 
7.9. JOULE-THOMSON EFFECT 


An ideal gas is defined as the gas in which intermolecular forces 
of attraction are absent. If such a gas expands into vacuum : 
adiabatically, no cooling is produced in the process, i.e., there is 
no change in the internal energy. which only depends upon the 


_temperature. 


However, when a real gas is forced through a porous ‘plug into 
a region of low pressure, it is found that due to expansion, the gas 
on the side.of low pressure gets cooled. The greater the difference 
in pressure on the two sides, the higher shall-be difference in 
temperature. 

The phenomenon of producing iowerlag of ienperstur 
when a gas is made to expand adiabatically from a region of 
high pressure into a region of- aN pressure, is known as 
Joule-Thomson effect. : 
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The experimental set-up is shown in Fig, 7.15. It consists ofa ~~ 


thermally insulated tube fitted with a porous plug and two 
weightless and frictionless pistons X and Y. Two sensitive 
thermometers are fitted on both the sides of the porous plug to 
record temperature. 


Porous plug 


Tn ne ne me me eect oe ts ft me me a oo oe mw 
tH ‘ 


Fig. 7.15 


Consider that a certain amount of the gas is passed through the 
porous plug by slow movement of piston X, ie.,a volume V, of 
the gas at pressure P, be forced through the plug on the left side 
of the plug. The gas in the right hand chamber is allowed to 
expand to volume’, and pressure P, by moving the piston Y. The 
change in temperature is recorded from the thermometers. 

Most of the gases are found to undergo cooling on expansion 
through the porous plug. However, helium and hydrogen are 
exceptions as these get warmed. 

The gas is compressed on left hand side.. Thus, work is done 
on the gas. It is equal to P,¥,. The work done on right hand side 
by the gas is equal to P,V,. 


Total work done by the gas = > PV, - P»V,, 


As q = 0, the work done by the gas lowers its internal energy, 


and consequently temperature falls. 
AE=PV, — PV, 


-E, =PV, - PV, 
(E, + PV, )- (Ey + PV )=0 
or . A, ~A, =O 
or : AH=0 


‘Chus, Joule-Thomson effect accurs at constant enthalpy. 


Joule-Thomson Coefficient 


The number of degrees of temperature change produced per 
atmospheric drop in pressure under constant enthalpy conditions 
when the gas. is allowed to expand through porous plug is called 
Joule-Thomson coefficient. It is denoted by i. 


qT ts 


When u has positive value, the gas cools on expansion. If it 
has negative value, the gas warms on expansion. Every gas has a 
definite value of temperature when the sign changes from 
negative to positive fhis temperature is termed inversion 


* ~80°C. Thus, 


on the surroundings. 


temperature. Most of the gases have inversion temperature near 


about room temperature and thus cool at room temperature when 


expansion is done. However, the inversion temperature for H, is 
at room temperature hydrogen warms on 
expansion. In order to produce further cooling by Joule-Thomson 


_ effect in hydrogen, it is necessary that it should be first cooled to 


— 80° Cby other cooling devices. 


The value of inversion temperature has been calculated by 
using van der Waals’ equation, 


aoe 
Rb 


= 
Thus, inversion temperature- depends “upon van der Waals’ 
constants a and b of the gas. 


228888 @Some Soiveo Examp.es\ 


Example 10. imole of Fe,O, and 2mole of Al are mixed at 
temperature 25°C and the reaction is completed to give : 
Fe,0,(s) + 2A(s) —> Al,O,(s)+ 2Fe(1); AH = - 850 kJ , 
The liberated heat is retained within the products, whose 
combined specific heat over a wide temperature range is about 


Sees: 
@eer- 


_ 08Jg~! K “'. The melting point of iron is 1530°C. Show that the 


quantity of heat liberated is sufficient to raise the temperature of 
the product to the melting point of iron in order to get it welded. 
Solution: Mass of products 
= Mass of one mole Al 203 + Mass of two mole Fe 
=214g 
q=ms AT = 214 x 0.8x (1803 -— 298) . 
= 257656 J= 257.656k] — . 


Heat required is less than heat released, hence the ‘temperature i 
can be easily raised to the required value. 


_ .. Example 11. Calculate wand AE for the conversion of 0.5 
mole of water at 100°C to steam at-1 atm pressure. Heat of 
vaporisation of water at 100° C is 40670 J mol ~'. 


Solution: Volume of 0.5 mole of steam at 1 atm pressure 


_ ART _ 0.5x 0.0821 x 373 
oe io | 
Change in volume = Vol. of ‘steam ~ Vol. of water 
=15.3- negligible = 15. 3L 
Work done = the system, 


=15.3L 


= Pay X volume change 
= 1 15.3= 15.3 litre-atm 
= 15.3 x 101.33= 1549.89]. 
w’ should be negative as the work has been done by the system 


w = - 1549.89 J 
Heat required to convert 0.5 mole of water at 100° Cto steam 
. = 0.5 x 40670J = 20335 J . 


~ According to first law of thetmadynamics, — 


AE = q + w= 20335 — 1549.89 = 18785.11] 
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<3 "Example 12. Calculate the work done when 50 g of iron is 
dissolved in HCI at 25°C in (i) a closed vessel and (ii) an open 
beaker when the atmospheric pressure is | atm. 

Solution: (4) When the reaction is carried in a closed vessel, 
the change in volume is zero. Hence, the work done by the system 
will be zero. (ii) When iron dissolves in HCl, hydrogen is 
produced. 


Fe + 2HCL—> FeCl, +H, 


g 1 mole 
ie 2x 50 mole 
56 
Volume of hydrogen produced at 25°C 
= MRT _ 50, 0.0821x 298 _ 41 gar 
P 56 - 1 ; 


This is equal to volume change when the reaction is carried in 


open beaker. 
Work done by the system = — P AV = -1.0x 21.84 
= — 21.84 litre -atm = — 2212.39] 
.. Example 13. 5 mole of oxygen are heated at constant 
volume from 10°C to 20°C. What will be the change in 
the internal energy of gas? The molar heat of oxygen at constant 
pressure, Cp = 7.03 cal mol deg™ and R=8.31J mol * 
deg”! ; an 


8.31 


Solution: R = 8.31J mol | deg” = a mol”! deg”! 


=1.99cal mol! deg~! 
We know that, Cp en. Cy =R 
or Cy =Cp —~R=7.03—1.99= 5.04 cal mol”! deg 
Heat absorbed by 5 mole of oxygen in heating from 10° C to 
20°C. 
=5xCy X AT =5x 5.04 x 10 = 252cal 


Since, the gas is heated at constant volume, no external work 
is done, 


Le, w=0 
So, change in internal energy will be equal to heat absorbed, 
AE = q+w= 252+ 0=252cal 
“Example 14. Calculate the amount of work done by 2 


mole of an ideal gas at 298 K in reversible isothermal expansion 
from 10 litre to 20 litre. 


Solution: Amount of work, done in reversible isothermal 
expansion, 
w= —2.303nRT log 2 id 
= V, 
Given, n = 2,R = 8.314JK7! mol! T= 298 K,V, = 20 Land 
V,;=10L. 
Substituting the values in above equation, 


w= —2.303x 2x 8.314 x 298 log = 


=— 2.303 x 2x 8.314 x 298 x 0.3010 = — 3434.9] 
ie., work is done by the system. 


‘Example 15. 5 moles of an ideal gas expand isothermally 
and reversibly from a pressure of \O.aim to 2atm at 300K. What is 
the largest mass which can be lifted through a height of | metre in 
this expansion? 

Solution: Work done by the system 


P 
=—nRT log, — =-2. 303nRT log 2 
P, P, 


= ~2.303x 5x 8.314 x 300 log 10.__99 ~ 20.075 x10? J 


Let M be the mass which can be lifted through a height of 1 m. 

ork done in lifting the mass | 
=Mgh=Mx98x1J 

So, Mx9.8=20.075x10° 


M = 2048.469 kg 


“Example 16. Two moles of an ideal monoatomic gas at 
NTP are eonipre sca adiabatically and reversibly to occupy a 
volume of 4.48 dm}. Calculate the amount of work done, AE, 
jinal temperature and pressure of the gas. Cy for ideal gas 
=12.45J K | mol. 


wats 


Solution: For an ideal gas, y = a = 1.667 
v 
Initial volume, V, = 2x 22.4 = 44.8dm° 
Initial pressure, P, = latm 
Initial temperature, 7, = 273 K 
Final volume, V, = 4.48dm? 


Let the final pressure be P, and temperature be 7}. 


Applying Vit= — ul 
ae ye)" (2 an) ; 
or — 
P, -(2 44.8 
. oF pis Hoy 
B (10) 
Py =(10)'°° (P, = given) 
log Py = 1.667 log 10= 1.667 
' P, =antilog 1.667= 46.45 atm 
Final temperature = ENE op o SOAS AAD oy 


PV, | 1x 448 
= 1268K 
Work done on the system = n- Cy “AT 
= 2x 12.45 x (1268 — 273) 
=2x 12.45 x 995 = 24775.5 J] - 
From the first law of thermodynamics, 
AE = q+ w= 0+ 24775.5 = 24775.5 J 
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“Example 17. 4 certain volume of dry air at NTP is 
expanded reversibly to four times its volume (a) isothermally 
(b) adiabatically. Calculate the final pressure and temperature in 
each case, assuming ideal behaviour. 


& for air = 4) 
, Cy | 


Let V, be the initial volume of dry air at NTP. 


(a) Isothermal expansion: During isothermal expansion, 
the temperature remains the same throughout. Hence, final 
temperature will be 273 K. 


Solution: 


p, = 1 <9 25am 
V, 4V, 


213_ (47) _ gos 
ad! 
273 
Ty = 404 = 156.79 K 
: 
Final pressure: — = ean 
Py \V, 
as mst 4} 4 
1 
Py= qe = 0.143 atm 
“Example 18. Calculate q,w, AE and AH for the reversible 


hema ane of one mole of an ideal gas at\27°C froma 
volume of 10 dm? to 20dm’. 


Since, the process is isothermal, 
AE =AH=0 

From first law of thermodynamics, 

AE=qt+w=0 


q=-w 


Solution: 


a 2.305nRT log 7 


=~ 2.303 x 1x 8.314 x 400 og + 


Saas 1x 8.314 x 400 0.3010 


=—2305.3] (Work is done by the system) 


q =—w = 2305.3J (Heat is absorbed by the system) — 


Example 19. 4 gas expands from a volume of 3.0 dm? to 
5.0.dm> against a constant pressure of 3.0 atm. The work done 
during expansion is used to heat 10.0 mole of water of 
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temperature 290.0 K. Calculate the final temperature of water ° 


(specific heat of water = 4.184 JK “' g~'). (UIT 1993) 
- Work done = P x dV = 3.0 x (5.0- 3.0) 
= 6.0 litre -atm =.6.0x 101.3 J 
- = 607.8) 
Let AT be the change in temperature. 
Heat absorbed = mxsxAT . 


Solution: 


= 10.0x 18 x 4.184 x AT. 
Given, PxdV=mxsx AT 
or areal X%@ _ 078 gy 5 


10.0x 18.0x 4.184 


Final temperature = 290 + 0.807= = 290.807 K 


Example 20. 10 of argon gas is compressed isothermaily 
a reversibly at a temperature. of 27° C from 10 litre: to Silitre. 
Calculate q, w, as and AH for this process. 


R=2calK | mol, log 2= 30. Atomic weight af AP 2 40, 
; qt 1997) 


2 
Solution: w=— 2.303nRT log oa 
f 
1 


=~ 2303 x 12 x 2x 300 log > = 103.635cal 
40 10 
AE=0 
q=AE~w 
q=-w=-—103.635cal 


2 “Champ 21. Calculate. the maximum _work done in 
aig 16g of oxygen at 300K and occupying a volume of 
5 dm? isothermally until the volume becomes 25 dm’. 


Solution: Reversible work is maximum work. 


| w=—2.303nRT log (2) 
V, 


=2200% 1831430019 28201510 


“Example 22, How. much heat is required to change 10g. 
ice at O°C to steam at 100°C? Latent heat of fusion and 
vaporization for HO are 80 cal/ g and 540 cal/ g, respectively. 


. Specific heat of water is Vcal/_g. 


Selution: Total heat absorbed. — 
<= A tion + AM temp. rise +A vay, 
= 10x 80+ 10x 1x 100+ 16x:540= 7200cal : 


“Example 23. A swimmer coming out of a pool is covered © 


with a film of water weighing wbout 80g. How much heat must be 


supplied to evaporate this water? ‘ 


Solution: qg=mL 


= 0X 40.79 - 
18. 


= 181.28kI 
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3. 


5 moles of an ideal gas at 27°C expands isothermally. and 


reversibly from a volume of 6 L to 60 L. The work done in kJ 
is: : 


(a) ~-14.7 (b)-28.72  (c) +28.72 — (d) -56.72 
[Ans. (6)] 
[Hint: w=—2.303RT log 2 
: i 
j 60 
/ =—2.303 x 5 x 8.314-x 300 log re 
=-28.72kJ] 


“10 moles of an ideal gas confined to a volume of 10 L is 


released into atmosphere at 300 K where the pune: is 1 bar. 
The work done by i gas is: 


(R = 0,083 L bar K mol!) 


(a) 249 L bar (b) 259 L bar (c) 239L bar (d) 220 L bar 
[Ans. (c)] 


{Hint: Initial volume, ¥, = 10L 
Y, (inal) = [RF _ 10° 0.083 x 300 _ ayo 
P 1 
W =P AV =1x (249-10) 
= 239 L bar] 
‘] litre-atma work is approximately equal to: 
(a) 101.33 (b)8.314J = (c) 9315 ‘(d) 19.25 
[Ans. (a)] 
(Hint: 0.0821 litre-atm = 8.314 J valtes of gas constant) 


1 litre-atm = 101.3 J] 


A system absorbs 20 kJ heat and also does 10 kJ of work. The. 


net internal energy of the system: 
(a) increases by 10 kJ (b) decreases by 10 kJ 


(c) increases by 30 kJ (d) decreases by 30 kJ 
[Ans. (a)] 
[Hint: AU =q + w=20-10=10kJ] 


One mole of a gas is heated at constant pressure to raise its 


- temperature by. 1°C. The work done in joules is: 


(a)-—4.3 -(b) -8.314 
(c)=16.62 (d) unpredictable 
[Ans. _(b)] 
[Hint! w=-nRAT or w=-P AV 
=~1x 8.314 x 1=-p( "2 - an 
PP 
=-8314)] , 
In open system: 


(a) there will be exchange of both matter and energy 
(b) there will be no exchange of matter and.energy 

(c) there will be exchange of energy only | 

(d) there will be exchange of matter only 


[Ans. (a)] 


[Hint : Open system has imaginary incinitarys therefore, both 


energy and mass can be exchanged.] 
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Thermochemistry is a branch of physical chemistry which is 
concerned with energy changes accompanying chemical 
transformations. It is also termed as chemical energetics. It is 
based on the first law of thermodynamics. 

Chemical reactions are accompanied by evolution or 
absorption of heat energy. When reactants combine together to 
form new products, there is readjustment of energies. During a 
chemical reaction, the chemical bonds between atoms in the 
reactant molecules are rearranged in the product molecules, i.e., 
chemical bonds in the reactants are broken down and new 
chemical bonds are formed in the products. Energy is needed to 
break the bonds of reactants and energy. is released in the 
formation of new bonds of products. 


 Exothermic Reactions 


Heat is evolved in these chemical reactions. It is possible 
when the bond energy, of reactants is less than the bond energy of 
products. 


At constant pressure, 
AH =(Hp-Hp)=-ve, ie, Hp <Hp 
At constant volume, 
AE=(Ep—-Ep)=-ve, ie, Ep <Ep 


Endothermic Reactions 


Heat is absorbed in these chemical reactions. It is possible 
when the bond energy of reactants is greater than the bond energy 
of products. 


At constant pressure, 
AH = Hp ~ Hp =+ ve, ie, Hp >Hep 
At constant volume, 
_ AE=Ep, —Ep =+ ve, 48; Ep >Ep 
Sign conventions: 
AQ AE AH 
Exothermic (-) (-),--€-) 


Endothermic (+) (+4) G4) 
Exothermic and endothermic chemical equations can be 


"represented as: see 


NaOH(ag. y+ HCI(aq. cea NaCl(aq.) + H,O(/) 
Exothermic 


+ 13.7 kcal 
NaOH(aq. 4 + Hickag )-—> + NaCl(ag. )+ H,0(*D); 
AH =~ 137kcal 


Findothermic le + H,O(g) > CO(g) + H,(g)— 31.4 kcal 


C(s)+ ce a CO(g)+ H,O(g); 
AH = + 314 kcal 


‘744 HEAT OF REACTION OR ENTHALPY 
OF REACTION | 
Heat of reaction is defined as the amount of heat evolved or 


absorbed when quantities of the substances indicated by the 
chemical equation have completely reacted. The heat of reaction 
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(or enthalpy of reaction) is actually the difference between the 
enthalpies of the products and the reactants when the quantities 
of the reactants indicated by the chemical equation have 
completely reacted. Mathematically, 
Enthalpy of reaction (or heat of reaction) 
= AH = LH p mei ZH R 
For example, the equation 
H, (g)+ Cl, (g) = 2HCK(g)+ 44.0keal or AH =—44 kcal 
indicates that when 2 g of hydrogen (1 mole) completely reacts 
with 71 g of chlorine (1 mole) to form 73 g of HCl (2 mole), the 
amount of heat evolved is 44.0 kcal or the enthalpy decreases by 
44.0 kcal or the reacting system loses 44.0 kcal of heat or the 
enthalpy change of the reaction, AH = — 44.0kcal. 
Consider the following reaction: _ 
C,H, (g) + 30, (g)=2CO, + 2H, O(/); AE = — 335.8 kcal 


The equation indicates that reaction has been carried between 
1 mole of C,H, and 3 mole of oxygen at constant volume and 


25° C. The heat evolved is 335.8 kcal or the internal energy of the - 


system decreases by 335.8 kcal. 
Consider another reaction: 


C(s)+ H,O(g) = CO(g ) + H,(g)— 31.4 keal 
or. AH = 31.4 kcal 


This reaction indicates that 1 mole of carbon (12 g) reacts with 
1 mole of steam (18 g) to form 1 mole of CO and | mole of 
hydrogen and 31.4 kcal of heat is absorbed. The enthalpy of the 
system increases by 31.4 kcal or the total enthalpy of the products 

- is 31.4 kcal more than the enthalpy of reactants. 


Factors which Influence the Heat of Reaction 


There are a number of factors which affect the magnitude of 
heat of reaction. 

(i) Physical state of reactants and products: Heat energy 
is involved for changing the physical state of a chemical 
substance. For example, in the conversion of water into steam, 
heat is absorbed and heat is evolved when steam is condensed. 

Considering the following two reactions: 


: Hy (g)+502(g)=H20(8): AH = —57.8kcal 


Hy +5 0,(g)=H,O(); AH =- 68.32 kcal 


It is observed that there is difference in the value of AH if 
water is obtained in gaseous or liquid state. AH value in second 
case is higher because heat is evolved when steam condenses. 
Hence, physical state always affects the heat of reaction. , 

(ii) Allotropic forms of the element: Heat energy is also 
involved when one allotropic form of an element is converted 
into another. Thus, the value of AH depends on the allotropic 
form used in the reaction. For example, the value of AH is 
different when carbon in the form of diamond or in amorphous 
form is used. te 

C (diamond) + O, (g) -—> CO, (g); AH = — 94.3 keal 


C (amorphous) + O, (g }-—> CO, (g); AH = — 97.6 kcal 


. The difference between the two values is setals to the heat 
absorbed when 12 g of diamond is converted into 12 g of 
amorphous carbon. This is termed as heat of transition. 


C (diamond) ——> C (amorphous); AW = 3.3 kcal 


(iii) Enthalpies of solution: Enthalpies of reaction differ 
when in one case dry substances react and in another case when 
the same substances react in solution. For example, in the 
reaction between hydrogen sulphide and iodine, . 


H,S(g)+ Ip(g¢) > 2HI + S; AH = ~17.2kcal 
H,S(g) +1, (solution) ——> 2HI (solution) + S; 


AH = -- 21.93 kcal 
(iv) Temperature: Heat of reaction or enthalpy of reaction 
also depends on the temperature at which the reaction is carried 
out. This is due to variation in the heat capacity of the system 


~ with temperature. Due to this reason, énthalpies of reaction are 


calculated and expressed at a standard temperature of 25°C or 
298 K. However, if the reaction is not carried out at 25°C, the 


_ temperature at which the reaction is performed, is indicated. 


(v) Reaction carried out at constant pressure or constant 
volume: When a chemical reaction occurs at constant volume, 
the heat change is called the enthalpy of reaction at constant 
volume. However, most of the reactions are carried out at 
constant pressure; the enthalpy change is then termed as the 
enthalpy of reaction at constant pressure: The difference. in the 
values is negligible when solids and liquids are involved in a 
chemical. change. But, in reactions which involve gases, the 
difference in two values is considerable. For this purpose see 
section 7.5, Z 


AE + AnRT = AH 


or qy + AnRT = qp- 


dy = heat change at constant volume, . 
qp = heat change at constant pressure. 
An = total number of moles of products — total sibs of moles 
of reactants 
Sdkdewpne 24. The heat of combustion of ethylene at 18°C 
and at constant volume is -335.8 kcal when water is obtained in 
liquid state: Calculate the heat of combustion at constant 
pressure and at 18°C. 

Solution: The chemical equation for the combustion of 
C,H, is 


C,H, (g)+ 305 @= =200, (g) + 2H, O(/); AE 


1 mole 3 moles 


= — 335.8 kcal 


No. of moles of reactants = (1+ 3)= 4 
No. of moles of products = 2 
So, An=(2-4)=-2 
Given, AE = — 335.8kcal, An=-2, R=2x 10> kcal 
and T = (18+ 273)= 291K 
Applying AH = AE + AnRT 
=— 335.84 (-2)(2 10°? (291) 


= ~ 336.964 kcal 


Ct er hE ee 
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xXample 25. The enthalpy of formation of methane at 
constant pressure and 300 K is -75.83 kJ. What will be the heat of 
formation at constant volume? (R = 8.3J K 7 mol) 
Solution; The equation for the formation of methane is 
Os) + 2H, (g)= ony (g); AH = —75.83 kI 
2 che "I mole 
 An=(1-2)=-1. 
~75.83kI, R=8.3x10° kIK™ mol, 7 = 300K 
AH = AE + AnRT 
75.83 = AE + (-1)(8.3x 10°? )(300) 
So, 23 "AE =—75.83+ 2.49 
= — 73.34 kJ 


‘gi ENTHALPY OF FORMATION OR HEAT 
OF FORMATION 


The process in which a compound i is formed from its constituent 

_ elements in their standard state is called formation. 
The amount of heat absorbed or evolved when 1 mole of the 
substance is directly obtained from its constituent elements is 
called heat of formation. | 


C (amorphous) + 0, (g) —> CO, (g); AH = 

~ Enthalpy of formation of CO, is -97.6 kcal 
H,(g)+ Cl,(g)-—> 2HCl(g); AH = — 44 kcal 

Thus, enthalpy of formation of HCl is —22 kcal per mol: 


Standard enthalpy of formation: The enthalpy of 
formation depends upon the conditions of formation, ie, 
temperature, pressure and physical states (gas, solid or liquid) or 
allotropic state of the reactants. If all substances of the chemical 
reaction are in their standard states (i. e., at 25° Cor 298 K and 1 
atmospheric pressure), the heat of formation or enthalpy of 

' formation is called standard heat of formation or standard 


enthalpy of formation. It is denoted by AE, (volume constant) 


Given, AH = 
Applying 


— 97.6 kcal/mol 


or AH’; (pressure constant). 


It is very difficult to determine absolute values of enthalpies of 
substances. However, relative enthalpies. of substances can be 
determined if the enthalpies of free elements at 25°C and 1 
atmospheric pressure are taken arbitrarily as zero. 

Consider the reaction between carbon and oxygen at 25° Ct to 
form carbon dioxide under atmospheric pressure. 


C(s) +O, (g)= CO,(g); AH = AH, =-393.5kI 
AH, = AH = Hp — Hp =-393.5kI 
Hp. =Oi.e. , enthalpies of free elements are taken as zero. 
So, AH, = AH = Hp = enthalpy of CO, =—393.5k] 


_ Thus, “eAHy = —393.5KI. 


The compounds which have positive enthalpies of formation 
are called endothermic compounds and are less stable than the 
reactants. The compounds which have negative enthalpies of 
formation are known as exothermic compounds and are more 
stable than reactants. . 
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The knowledge of standard heats .. :ormation of various 
substances can be used to calculate the heats of reactions under 
standard conditions, i.e.,AH”°. 


‘AH? fi ' | Sumof the standard | | Sumof the standard 
the on =| heats of formation |-| heats of formation 
Beene ioe products of reactants 
Le, : AH? == AH; (products) -z AH; (reactants) 


The heats of formation of all the elements in their standard 
states are arbitrarily assumed to be zero. 

Intrinsic energy: It may be defined as: 

Intrinsic energy =— Heat of formation 

“Additional amount of energy which one gram mole of the 
compound possesses above that of its constituent elements.” 

Let us consider the combustion of carbon. 

C(s) + O,(g) —> CO, (g); AH = ~ 94.38 kcal 

When | mole CO, is formed, 94.38 keal heat is evolved. It 

means, energy content of CO, is less than energy content of C(s) 


and O, (g) by 94.38 kcal. Thus, intrinsic energy of CO, is 94.38 
kcal. 


_ If we assume that intrinsic energy of elements is zero, then 
intrinsic energy of compound may be calculated in the form of 


. heat of formation. Hence, intrinsic energy may not be considered 


as internal energy of the compound. 
3 sxample 26. Calculate the enthalpy change for the 
following reaction: 
CH,(g)+ 20, (g)—>C0,(g)+ 2H,0(1) 

given, enthalpies of formation of CH, ,CO, and H,O are —TA8ks 
mol —', -393.5kJ mol ~ and ~2862kJ mol 7! fe ila 

Solution: 

al” = AH; Ff (products) 


~ AH; S (reactants) 


=[AH% co, +27 aip)]- [AA cy + DAH 9] 
=[-3935+ 2x (-2862)]-[-748+2x0] 
=~ 393.5- 572.4 + 74.8 

- =—891.1kI 


EB: amp ple 27. The standard heats of, ‘formation at 298 K for 
CCl, (g),H 1,0le ), ee (g) and HCI(g) are -25.5, —57.8, -94.1 


and -22.1 keal mol~ ' respectively. Calculate AH 5g jor the 
reaction. 


CCl, (e)+ 2H,0(8) = CO, (g) + sHClg) 
Solution: 


AH® = AH + (products) ~ AFT (reactants) 
= [AF ico, + 44H peicy 1~ TAA pcory + 2A fa1,0 ] 
=[-94.14+ 4x (-22.)]- [255+ 2xC579) 

=~ 94.1- 88.44 25.54 115.6 
=~182.5+ 141.1 =- 41.4 kcal 
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is -367.5kJ and those of N,O(g)and H,O(1 )are + 81.46kJ and 


—285.78 kJ respectively at 25°C and 1 atmospheric pressure. 


Calculate the AH and AE for the reaction, 
NH,NO;(s)——> N,0(g) + 2H,0(1 ) 


een Oo. ) ° 
Solution: AH° = AH + (products) ~ AH + (reactants) 


aap [AA; wo) +2x AH; ap) i= [AH? ano, ] 
= 81.46+ 2x (-285.78) — (~367.5) 
= 81.46— 571.564 367.5 


= 122.56 kJ 
We know that, AH = AE + AnRT 
or ' AE=AH -AnRT 
An=1; R=8.314x 10% kJ mol”! K7; T= 298K 
AE = — 122.56 (1)(8.314x 107? )(298) 
= —122.56— 2.477 
= ~125.037kJ . 
* ENTHALPY OF COMBUSTION OR 
HEAT OF COMBUSTION 


_Enthalpy of combustion is the amount of heat evolved or 
decrease in enthalpy when | mole of the substance (compound or 
element) is completely oxidised. The enthalpy of combustion, 
ie., AH is always negative. For example, 

CH, (g)+,202(g) —> CO, (g)+ coe O; 
AH = - 890.3 kJ 
CH, OH!) + 30, (g)—— 2CO0, (g) +: nee 
AH = — 13674 kJ 
2C,H¢(g) + 702 (g) —> 4CO,(g) + 6H, O(/); 
AH = — 7456 kcal 


Since, 2 mole of CH, are involved, hence enthalpy of 
combustion of ethane 


=~ ——— = — 372.8 kcal 


C{s) +5 02(g) —> CO(g); AH =~ 26.0 kcal 
C(s) + O,(g) > CO, (g); AH = - 94.3 kcal 

The enthalpy of combustion of carbon is not —26.0 kcal as 
combustion is not complete because carbon monoxide can further 
be oxidised to carbon dioxide. The enthalpy of combustion of 
carbon is thus —94.3 kcal. 

The enthalpies of combustion have a number of applications. 
Some of these are described below: 

(i) Calorific values of foods and fuels: Energy is needed 
for the working of all machines. Even human body is no 
exception. Coal, petroleum, : natural gas, etc., serve as the 
principal sources of energy for man-made machines, the food 
which we eat serves as a source of energy to our body. These 
/substances undergo oxidation or combustion and release energy. 


/ 


f 
/ 


‘ample 28. The molar heat of formation of NH,NO,(s) - 


These substances are, therefore, termed as fuels. An adult 
requires 2500 to 3000 kcal of energy per day. Since, the values of. 
enthalpies of combustion of different-food articles are known; it 
becomes easy to calculate our daily requirements and thus select 
the articles of food so as to secure a balanced diet. — 

The grading of food articles and various fuels can be done on 
the basis of the values of enthalpies of combustion. 

The energy released by the combustion of foods or fists 3 is 
usually compared in terms of their combustion energies per gram. 
It is known as calorific value. The amount of heat produced in. 
calorie or joule when one gram of a substance (food or fuel) is 
completely burnt or oxidised. 

When methane burns, 890.3 kJ mol” of energy is released. 


CH,(g) +20, (g)—> CO, (g) # 2H, 0(/), 


1 mole (16 g) 
AHcoy, =~ 890.3 kJ 
8903 
So, the calorific value of ‘tai = =- aqan ~ 55.6 KI) g 


Calorific values of some important foodstuffs and fuels are 
iven below: 


Fuel * Calorific valué (kJ/g)) ‘Food ‘Calorific value (xia 


Wood 17 

Charcoal 33 Egg 6.7 

Kerosine Rice 16.7 
Sugar 173 
Butter 30.4 
Ghee __ 37.6 


Out of the fuels listed, hydrogen has the highest calorific 
value: However, it is not used as domestic or industrial fuel due to 
some technical problems. Of the various constituents of our food, - 
fats and carbohydrates serve as the main sources of energy. The 
calorific value of proteins is quite low. 


(ii) Enthalpies of formation: Enthalpies of formation of 


‘various compounds, which are not diréctly obtained, can be 


calculated from the data of enthalpies of combustions easily by 
the application of Hess’s law. 


Heat of reaction = 2 Heat of combustion of reactants 
= = Heat of combustion of products 


53389 Won Souven Beampaas) $8220: 

Be ‘xample 29, The heats of combustion of CH, and C, Fy 
are -890.3 kJ mol ~' and -28787 kJ mol ~| respectively. Which of 
the two has greater efficiency as fuel per gram? 


Solution: = Molar mass of methane = 16 


Heat produced per gram of methane = — = =~ 5564 kJ 


Molar mass of butane = 58 ; 
_ 28787 87 
Heat produced per gram of butane = — a ~ 49.63 J 


Thus, methane has greater fuel efficiency than butane. 
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Example 30. In a Gobar gas plant, gobar gas is formed by 
bacterial fermentation of animal refuse. It mainly” contains 


methane and its heat of combustion is -809 kJ mol ~' according 
to following equation: 
CH, +20, —»CO, +2H,O; AH =-809kJ mol 


How much gobar gas would have to be produced per day for a 
small village of 50 families, if it is assumed that each family 
requires 20,000 KJ of energy per day? The methane content in 
gobar gas is 80% by mass. 


Solution: Energy consumption of 50 families per day 


. = 50x 20,000kJ =1x« 10° kJ 
809 kJ of energy is obtained by burning methane = 16g 
1x 10° kJof energy will be obtained by burning methane 
= 16 106 =1.98x 108 g 
=19.8kg 
Since, methane content in gobar gas is 80% by mass, hence, 
the mass of gobar gas needed 
100 
= — X198= 24.75 
80. kg 


cample 31. The standard molar heats of formation of 

, carbon dioxide and liquid water are ~21.1, -94.1 and 
— 68.3 ‘Keal respectively. Calculate the staneard molar heat of 
combustion of ethane. 


_ Solution: The required chemical equation for combustion 
. of ethane is 


2C>H, (g)+ 702 (g)= 4CO, (g) + 6H, O(/); AH? = 
The equation involves 2 moles of CH,; heat of combustion 
of ethane will be = ~ 


AH® = AH ¢proavetsy ~ AH (reactant 


a) 
=[4x AH 0) + 6H 4.9) 1-244; Gong + TAH; @, | 
=[4 x (-94.1) + 6x (~ 68.3)]— [2 (-21.1) + 7x 0] 
=~ 376.4 — 409.8 + 42.2 | 


= — 744.0 kcal 


ae Heat of combustion of ethane = =- “. =—372.0kcal | 


Example 32... An intimate mixture of ferric. oxide and 
aluminium is used as solid fuel in rockets. Calculate the fuel 
value per cm? of the mixture. Heats of formation and densities 
are as follows: 


Hy (4,09 =~ 399 keal mol; Hy (ee,0,) = —199 keal mol“ 


Density of Fe,03 = 5.2 gicm?; Density of Al=2.7 g/cm? 


- Solution: The required equation is: 


2Al+ Fe,0, —»Al,C, +2Fe; AH =? 


AH= AH, (products) AH f (reactants) 


= [AH (a1,0,) + 2AHy ey 1-[2AHy (ay + Ay (Fe) 
= (-399+ 2x 0)—[2x 0+ (-199)] 


= — 399+ 199= —200 kcal 
At. mass of aluminium =27, Mol. mass of Fe,O; =160 ~ 
160 | 2x27 


Volume of reactants = =o # =50.77cem?> 


Fuel value per cm? = ee 2 3.92 keal 
50.77 ~ 


eo: Example 33. When 2 mole of C,H, are completely burnt, 
3129 KJ of heat is liberated. Calculate the heat of formation of 
C,H¢. AH, for CO, and H,O are ~395 kJ and -286 kJ respec- 
tively. 


Solution: The equation for the combustion of C,H, is: 
2C,H, + 70, —> 4CO, + 6H,0; AH =-3129kI 
AH = AH F (products) ~ AH F (reactants) , 
=[4 x AH; coy + 6% AH; up) ]- [2% Ay ony 
—3129=[4 x (-395) + 6 x (—286)}-[2* AH; ony +7 0] 
or 2x AH y CH) =—167 
167 
So, . BH peng a OO 


xample 34. The standard heats of formation of CH ,(g ), 
CO, (g) and H,O(g) are ~76.2, -398.8 and —241.6 kJ mol ” 
respectively. Calculate the amount of heat evolved by burning | m 
of methane measured under normal conditions. (IIT 1990) 


Solution: The required equation for the combustion of 
methane is: 


CH, + 20, —>CO, +2H,0; AH =? 


AH= AH f (products) ~~ AH Ff (reactants) 


= AHy coy + 2% Ay a4,0) ~ AHy cuy — 2447 (0y 
=~398.8— 2x 241.6 ~ (-76.2)- 2x0 
= — 805.8 kJ mol”! 


Heat evolved by burning 22.4 litre (1 mole) methane 
=~8058kJ. So, heat evolved by burning 1000 litre (1m?) 
methane _ 


_ 805.8 
22.4 


.Example 35. A gas “mixture of 3.67 litre of ethylene and 
methane on complete combustion at 25° C produces 6.11 litre of 
CO,. Find out the heat evolved on burning | litre of the gas 
mixture. The heats of combustion of ethylene and methane are 
~1423 and -891kJ mol at 25°C. (IIT 1991) 


x 1000 = ~ 35973.2 k} 
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Solution: C,H, +30, —>2CO, +2H,O 


a litre 2a litre 


CH, +20,——> CO, 
(3.67 — a) litre (3.67 — a) litre 


2a+3.67-a=6.11 
a= 2.44 litre 


+ 2H,O 


Given, 


Volume of ethylene in mixture = 2.44 litre 


Volume of methane in mixture = 1:23 litre 
Volume of ethylene in 1 litre mixture = ae = 0.6649.litre 


Volume of methane’ in 1 litre mixture = ae = 0.3351 litre 


24.45 litre of a gas at 25° Ccorrespond to 1 mole. 
Thus, heat evolved by burning 0.6649 litre of ethylene 


eae X 0.6649 = — 3869 kJ 
245 


and heat evolved by burning 0. 3351 litre of methane 


= 991 y 93351=-12.21kI 
2445 


So, total heat evolved by burning 1 litre of mixture 
= — 38.69- 12.21 
=-— 50.90 kJ 


‘7.14. ENTHALPY OF SOLUTION OR HEAT 
OF SOLUTION 


The amount of heat evolved or absorbed when 1 mole solute is 
dissolved in excess of solvent (about 200 mole) is called heat of 
solution. 


Some examples, of heat of solution are: 

H,SO, (1) + aqg.=H,SO4(ag.); AH =-—202 kcal 
KCl(s) + aq.=KCl(aq.); AH= 4A4kcal 
KOH(s) + ag. =KOH(aq.); AH = ~13.3 kcal 

Heat of ideal solution is taken zero. 

Generally, dissolution of substances in a solvent is a 
disintegration process. This process needs energy. In such cases, 
energy is absorbed, i.e, AH is positive. But in some cases, 
besides the process of breaking or ionisation, there is hydrate 
formation. During hydration heat is evolved. The net result is that 
heat is either evolved or absorbed. There are also cases in which 
" heat of separation of ions is just equal to the heat of hydration and 
there is very little heat effect as in the case of sodium chloride. 
The heat of solution of NaCl is very small as the heat of 
ionisation is nearly equal to the heat of hydration. 


7.45 ENTHALPY OF NEUTRALISATION OR 
HEAT OF NEUTRALISATION 


The heat of neutralisation (or enthalpy of neutralisation) is 
defined as the heat evolved or decrease in enthalpy when 1 gram 
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equivalent of an acid is neutralised by 1 gram equivalent of a base 
in dilute solution. Some examples are: 
Strong acid +. Strong base = Salt + Water; AH =—13.7kcal 
a (aq. + NaOH(ag. )=NaNO, (aq.) + H,O(/); . 


AH =-13.7kcal_ 
HCl(aq.) + NaOH(ag, )=NaCl(aq.) + H,O(/); © 
AH = - 13. 75 kcal 


3 80, (aq.) + NaOH(aq. )=+ = 5 Na2S0, (aq.) + H,0(0); 


5 AH =- 13. 7kcal 

It is observed that heat of neutralisation of a strong acid 

against a strong base is always nearly the same, i.e. , 13.7 kcal or 

57 kJ, no matter what acid or base is employed. This constant 

value is explained with the help of theory of ionisation. Both acid 

and base are present in aqueous solution in the form of ions and 
when mixed, the following reaction occurs: 

H* +47 -t + OH™ _BY+A7 


LA Se LS ~13.7 kcal 
Strong acid Strong base Salt 


+H,0; AH = 


Cancelling the ions which are common on both the sides, 
H* +OH™ =H,0; AH = -13.7kcal 
Thus, heat of neutralisation of a strong acid and a strong 
base is merely the heat of formation of water from H * and 
OH’ ions. This is the common reaction whenever a strong acid 


and a strong base are mixed and that is why the heat of 
neutralisation is same. 


However, when a strong acid and a weak base or a weak acid 
and a strong base or a weak acid and a weak base are mixed in 
equivalent amount, the heat evolved or change in enthalpy is less 
than 13.7 kcal. This is shown in the following examples: 


HCl(aq.) + er )=NH,Cl(aq.)+ H, OW); 
si AH = ~12.3 kcal 
HCN(ag.)+ NaOH(ag.) = NaCN(ag.)+ H,00); 
sca AH = 12.3 kcal 


CH, COOH(agq.)+ NH, OH(aq,) = CH, COONH, (aq.) + H,0(1); 


Weak 
AH = —11.9 kcal 


The reason for the lower value is that part of the heat energy 
evolved is utilised in the complete ionisation of a weak acid or a 
weak base or both. Hence, the net heat of neutralisation is less 
than 13.7 kcal. The neutralisation of NH,OH with. HCl can be 
explained in the following way: 


NH, OH(aq.) = NH; (aq.) + OH (aq. ); AH=O 
and NH; (aq.)+ Cl (aq.) + H* (ag.) + OH (aq.) = NH; (aq.) 
+ Cl" (aqg.) + H,O(/); 
AH =—13.7 kcal 

or NH,OH(agq.) + H* (ag.) + Cl” (ag.) = NH; (aq.) + Cl” (aq.) 
| | + H,0(/); 
AH =~ 12.3 kcal 


~~ taken in separate bottles. The 
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So, Q-13.7=-123 
or Q=13.7— 12.3= 1.4 keal 


Hence, 1.4 kcal of heat energy is absorbed for ionisation of 
NH, OH which get subtracted from 13.7 kcal. Thus, the observed 
_ . value of heat of neutralisation is not -13.7 kcal but -12.3 kcal. 


Determination of Heat of Neutralisation 


The heat of neutralisation 
of an acid or base can be. 
easily determined in the © 
laboratory with the help of 
polythene or polystyrene . 
bottle. Bottle is fitted with 
~ rubber cork through which a 
thermometer and a stirrer are 
fitted as shown in the Fig. 
7.16. 100 mi. each of acid and 
alkali of equal normality are 


temperature of each solution 
is regularly recorded. When 


Fig. 7.16 
constant temperature is attained, the alkali solution is added to the 
acid solution. The mixture is quickly stirred and the maximum 


temperature attained is noted. 
Calculations: 


Suppose, the initial temperature of acid and base = =1, 
Final temperature of solution after mixing = T, 
Rise i in temperature = T, — T, 


For the purpose of simplicity, the heat capacity of the bottle 
may be neglected as it is very small in comparison to that of 
solution. The specific heat capacity of the solution is assumed to 
be the same as that of water. 


QO = Heat change in reaction = Mass of solution 


x sp. heat x (7, - T, ) 
Qis the heat evolved by the neutralisation. 


OQ 1 


ia the enthalpy of neutralisation 7 ial x 1000 x — 
x 

: ; here, r= : normality of the acid or base. 
Reve ample 36. 150 mL: of 0.5 N nitric acid solution at 

- 25.35°C was mixed with 150 mL of 0.5 N sodium hydroxide 
solution at the same temperature. The final temperature was 
recorded to be 28.77°C. Calculate the heat of neutralisation. of 
nitric acid with sodium hydroxide. 


Solution: Total mass of solution = 150 + 150 = 300 g 


Q= Total heat produced = 300 x (28.77 — 25.35) cal 
= 300 x 3.42= 1026 cal 


en dtisecinie =< 23 1000 x + 
150 aE 
1026 : 1 


= —— x 1000 x — =. 1268 kcal 
‘150 0.5 


Since, heat is liberated, heat of neutralisation should be negative. 
So, heat of neutralisation = — 13.68 kcal. 


xample 37. Whenever an acid is neutralised by a base, . 


the net reaction is 


H* (aq.)+ OH™ (aq.) > H,0(1);_ AH =-S7.1kJ — 


Calculate the heat evolved for the following experiments: 


(i) 0.50 mole of HCI solution is neutralised by 0.50 mole of 
NaOH solution. 


(ii) 0.50 mole of HNO,, solution is mixed with 0.30 mole of 
KOH solution. 


(iit) 100 mL of 0.2 M HCI is mixed with 100 mL of 0.3 M — 
NaOH solution. 


(iv) 400 mL of 0.2MH SO, is mixed with 600 mL of 0.1 M 
KOH solution. 


' Solution: . According to the reaction, 
H* (aq. ) + OH” (ag.) —>H,O(J); AH =-571kJ 


when 1 mole of H* ions ‘and 1 mole of OH ions are neutralised, 
1 mole of water is formed and 57.1 kJ of energy is released. 


(i) 0.50 mole HCI = 0.50 mole H* ions 


0.50 mole NaOH = 0.50 mole OH ~ ions 


On mixing, 0.50 mole of water is formed. 
Heat evolved for the formation of 0.50 mole of water 


= 57.1X 0.5= 28.55 kJ 
(ii) 0.50 mole HNO, = 0.50 mole H * ions 
0.30 mole KOH = 0.30 mole OH™ ions 


i.e.,0.30 mole of H* ions react with 0.30 mole of OH™ ions to 
form 0.30 mole of water molecules. 


Heat evolved in the formation of 0.3 mole of water 
‘ = 57.1x0.3= 17.13 kK 
(iii) 100 mL of 0.2 MW HCI will give . 


[2 » 100) = =O0.62moleofH* 
- (4000 


and 100mLof 0.3.M NaOH will give 


an x 100 =0.03 mole of OH™ ions 


i.e.,0.02 mole of H * ions react with 0.02 mole of OH ~ ions to’ 


form 0.02 mole of water molecules. 


Heat evolved'i in the formation of 0.02 mole of water 
= 0.02 57.1 = 1.142kI 
(iv) 400 mL of 0.2! H,SO, willgive 
[ 2x 0.2 
1000 


x 400] =0.16 moleof H* ions 


and 600 mL of 0.1. KOH will give 
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1000 
ie. ,0.06: mole of H* ions react with 0.06.mole of OH~ 
form 0.06 mole of water molecules. 
Heat evolved in the formation of 0.06 mole of water 
= 0.06X 57.1 = 3.426-kI 
© Example 38. 100 cm of 0.5 N HCI solution at 299. 95K 
were mixed with 100 cm? 0.5 N NaOH solution at 299.75 K in a 


(et x so) =0.06moleof OH” ions 


_ thermos flask. The final temperature was found to be 302.65 K. — 


Calculate the enthalpy of neutralisation of HCI. Water equivalent 


of thermos flask is 44 g. 
Solution: The initial average temperature of the acid and the 
base <> 
_ 299.95 : 299.75 _ 29985 K 


Rise in temperature = (302.65 — 299.85) = 2. 80K. 
Heat evolved during neutralisation 
cs maven ace aii 

2 Enthalpy of neutralisation =— 22 2 1000 x — 

100 0. % 
i =-57.17kJ 
¢S Example 39. When a student mixed 50 mL of 1M HCl and 
50 mL of 1M NaOH in a coffee cup calorimeter, the temperature 


of the resultant solution increases from 21°C to 27.5°C. 
Assuming that the calorimeter absorbs only a negligible quantity 


of heat, that the total volume of solution is 100 mL, its density 
1g mE! and that its specific heat is 418 J/g. Calculate : 

(a) the heat change during mixing, 

(b) the enthalpy change for the réaction, 


HCKaq. ) + NaOH(ag.)——> NaCKaq. )+ H,O(aq.) 


Solution: (a) Number of moles of HCI and NaOH added 
_ MV _\x 50 _ 005 
1000 = 1000 


Mass of mixture-=V x d = 100 1= 100g 
Heat evolved, g = ms AT = 100x 4.18x (275 — 210) 
= 100x 418x 65) =2717J=2.717 kJ 
(b) The involved reaction is: 
HC\(aq.) + NaOH(aq.) —> NaCl(aqg.) + H,O 
AH = Heat evolved per mol 


22-7 _ 54 34 ky 
0.05 


: Example 40. The enthalpies of neutralisation of a strong 
acid HA and weaker acid HB by NaOH are ~13.7 and -12.7 
kcal/eq. When one equivalent of NaOH is added to a mixture 
containing | equivalent of HA and HB ; the enthalpy change was 
~13.5kcal. In what ratio is the base distributed between HA and 
~ HB? ° 

Solution: Let x equivalent of HA and yeduivalent of HB are 
- taken in the mixture 


‘ions to 


x+y=l ... fi 
' xX 13.7+ yx 12.7= 13.5 ei) 
ae eqs. (i) and (ii), we get 
x= 0.8, y= 0.2 
xi y=4il 
q 416! ENTHALPIES OF PHYSICAL CHANGES 
(Phase Changes) — 


Heat energy is involved whenever a physical state of a substance 
is changed, Some important enthalpies of physical changes are 


- defined below::- 


(i) Enthalpy of fusion: It is the enthalpy change in 
converting 1 mole of the substance from solid state to liquid state 
at its melting point. The enthalpy of fusion equals latent heat of 
fusion per gram multiplied by the molecular mass. The value of 
enthalpy of fusion gives an idea about the strength of the 
intermolecular forces operating in a. solid. The values of 
enthalpies of fusion for ionic solids are much more than 
molecular solids in which molecules are held together a weak 
van der Waals’ forces. 


Melting 
H,0(s) > H, O(/);_ AH = 1.44keal 
H,0() > H, 0(s); AH Ggeecing = — 1.44 keal 
(ii) Enthalpy of vaporization: It is the enthalpy change in 


converting 1 mole of the substance from liquid state to gaseous 
state (or vapour state) at its boiling point. 


Boiling 


H,0() —— H, 0(g); AH =105kcal 


Condensation 

H,0(g) H,0(/); 

Enthalpy of vaporization of a liquid gives an idea about the 

strength of intermolecular forces spetete between the 
molecules of the liquid. 

(iii) Enthalpy of sublimation: 


AH (condensation) =~ 105 kcal 


Sublimation is the process 


.in which a solid on heating is directly converted into vapour state. 


It is the heat change in converting 1 mole of a solid directly into 
its vapour at a given temperature below its melting point. .. 
1, (s) > L(g); AH = 149 kcal 
The enthalpy of sublimation of a solid is equal to the sum of 
enthalpy of fusion and enthalpy of vaporization. 


AH eiptimation = AH fs + AA yap 


“TAT HESS’S LAW (The Law of Constant 
Heat Summation) 


This law was presented by Hess in 1840. According to this 
law, if a chemical reaction can be made to take place in a 
number of ways in one or in several steps, the total enthalpy 
change (total heat change) is always the same, i.e., the total 
enthalpy change is independent of intermediate steps involved 


- in the change. The enthalpy change of a chemical reaction 


depends on the initial and final stages only. Let a substance A 
be changed in three steps to D with enthalpy change from A to 
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B AH, calorie, from B to C AH, calorie and from C to D AH, 
calorie. Total enthalpy change from A to D will be equal to the 
sum of enthalpies involved in various steps. 

Total enthalpy change 


AA steps = AH, + AH, + AH, 


Now if D is directly converted into A, let the enthalpy change 
be AH girect - According to Hess’s law AH yon, + AH direct = 9,48. , 
AF gen, Must be equal to AH 4... numerically but with opposite 
sign. In case it is not so, say AH z.), (which is negative) is more 
than AHz,. (which is positive), then in one cycle, some energy 


will be created which is not possible on the basis of first law of . 


thermodynamics. Thus, AH,,,, must be equal to AY direct 
numerically. 


Hess’s law can also be verified experimentally with the help of . 


following examples: 
(i) Formation of carbon dioxide from carbon: 
First method: Carbon is directly converted into CO, (g). 


C(s)+ 0,(g)=CO,(g); AH =-—94.0kcal 
Second method: Carbon is first converted into CO(g) and 


then CO(g ) into 0 (g),ie. ,conversion has been carried in two 
steps: 


C)+50, =CO(g); AH =~—260kcal 


CO(g) +30, =CO,(g); AH =~ 680 kcal 


‘Total enthalpy change C(s) to CO, (g); ‘AH =-—94.0 kcal 
{ii) Formation of ammonium chloride from animonia and 
hydrochloric acid: 
First method: 
NH, (g)+ HC\g)= NH,Cl(g); “AH = — 42.2 keal 
NH,Cl(g)+ ag.=NH,Cl(aq.); AH =+4.0 kcal 
NH, (g)+HCl(g)+ aq. =NH,Cl(aqg.); AH =—38.2 kcal 
Second method: ; 
NH, (g)+ ag. =NH; (aq.); AH = -84 kcal 
HCl(g ) + ag. = HCl(aq.); AH = ~17.3 kcal 
NH, (aq.) + HCl(aqg. )= NH4Ci(ag.); AH = ~12.3 kcal 


NH; (g)+ HCl(g) + ag.=NH,Cl(ag.); AH =— 38.0 kcal 


Conclusions 


(i) The heat of formation of compounds is independent of 

the manner of its formation. | © 

(ii) The heat of reaction is independent of the time consumed 
in the process. 

(iii) The heat of reaction depends on the sum of enthalpies of 
products minus sum of the enthalpies of reactants. 

_ (iv) Thermochemical equations can be added, subtracted or 

' multiplied like algebraic equations. 


Applications of Hess’s Law 
(i) For the determination of enthalpies of formation of those 
compounds which cannot be prepared directly from the 
elements easily using enthalpies of combustion of 
compounds. 


(ii) For the determination of enthalpies of extremely slow 
reactions. 
(iit) For the determination of enthalpies of transformation of 
one allotropic form into another. 
(iv) For the determination of bond energies. 
AF reaction = & Bond energies of reactants 
— Z Bond energies of products 
(v) For the determination of resonance energy. 
(vi) For the determination of lattice energy. 
Thermochemical calculations: For making thermochemical 
calculations, the following points are kept in mind: 
(i) Write down the required thermochemical equation. For 
example, if heat of formation of methane is to be 
determined, write down the following equation: 
C(s) + 2H, (g) = CH, (g); AH =? 
(ii) Try to obtain the required equation from the given data. 
This can be done in two ways: 
(a) By adding, subtracting and multiplying the various 
given thermochemical equations. Or of 
(b) Heat of reaction = Total enthalpies of products — Total 
enthalpies of reactants 
Note: Incase of calculation of heat of formation, the enthalpies of free 
elements can be arbitrarily fixed as zero at 25°C and 1 
atmospheric pressure. 


Example 41. Calculate the standard heat of formation of 


- carbon disulphide (D. Given that the standard heats of 


combustion of carbon (s), sulphur (s) and carbon disulphide (D 
are ~393.3, 293.7 and —-1108.76 kJ mol | respectively. 


Solution: Required equation is 
C(s) + 28(s) —» CS,(); AH, =? 
Given, 
C(s)+0,(g)-—>CO,(g) (AH =-393.3k)) (i) 
S(s)+ O,(g) > SO, (g) (AH = — 293.72 kJ) ...(ii) 
CS, (1) + 30, (g) —> CO; (g) + 28038) iii) 


(AH = — 1108.76 kJ) 
First method: Multiply the eq. (ii) by 2. 
28(s) + 20, (g)—> 280, (g)_ ...(iv) (AH =—587.44k)) 
Adding eqs. (i) and (iv) and subtracting eq. (iii), 
[C(s) + 2S(s) + 30, (g)- CS, (1) - 302 (g) 
—> CO, (g) + 280, (g)- CO, - 280, ] 
C(s)+ 28(s) —> CS, (J) 
This is the required equation. 
Thus, AH, = — 393.3 — 587.44 + 110876 = 12802 kJ 
Standard heat of formation of CS, (/ )=128.02 kJ 
Second method: 
C(s)+ O,(g) —>CO,(g); (AH =-393.3kJ) ... 
S(s)+O,(g)—> SO, (g); (AH ==293.72kJ)_... (ii) 
CS, (2) + 302 (g) —> CO, (g) + 280, (g); 
(AH = ~—1108.76kJ)_ ... (iii) 
From eqs. (i) and (ii), ; 
_Enthalpy of CO, =- 393.3 kJ 
Enthalpy of SO, =- 293.72 kJ 


CHEMICAL THERMODYNAMICS AND THERMOCHEMISTRY = % 443 


_ Enthalpy of O, =0_ 
AH of eq. (iii) = Enthalpies of products 
— Enthalpies of reactants 
—1108.76 = — 393.3 + 2x (— 293.72) - AH cs, 
AHes,(n = (1108.76— 980.74) = 128.02 kJ 
Enthalpy of CS, (1) = 128.02 kJ - 
txample 42. Calculate the heat of formation of acetic 
acid from the following data: 
CH,COOH(! )+ 20,(g)—— 2CO,(g)+2H,001) — ...) 


(By convention) 


(AH =—2079 kcal) © 


C(s)+0,(g)——>CO,(g) (AH =—94.48 kcal) ...(i) 
Hy(g)+ 50: (g) -—>H OU) (AH =—684 kcal) ...ii) 


Solution: First method: The required equation is 
2C(s)+ 2H,(g)+ 0O,(g)=CH,;COOH(]); AH =? 
This equation can be obtained by multiplying eq. (ii) by 2 and 
also eq. (iii) by 2 and adding both and finally subtracting eq. (i). 
[2C+ 20, +2H, + O, - CH,COOH(/) - 20, 
—— 2CO, + 2H,O-2CO, — 2H,0] 
AH cx coon = 2X (~94.48)+ 2x (— 68.4)~ (- 207.9) 
=—188,96 — 136.8+ 207.9 . 
=~325.76+ 207.9 = -—117.86 kcal 
Second method: From eqs. (ii) and (iii) 
Enthalpy of CO, =— 94.48 kcal 
Enthalpy of H,O =~ 68.4 kcal 
Enthalpy of O, =0 (by convention) 
AH of eq. (i) =Enthalpies of products — Enthalpies of reactants 
— 207.9= 2x (- 94.48) + 2(- 68.4) — AH cn coon 
AH cx coo) = — 188.96 — 136.8+ 207.9 
=~—325.76+ 207.9 =—-117.86 kcal 


"-Example 43. Given the following standard heats of 
reactions : 

(a) heat of formation of. water = ~ 68.3 keal, (b) heat of 
combustion of C,H, = —310.6kcal and (c) heat of combustion of 
ethylene = — 337.2 kcal. Calculate the heat of the reaction for the 
hydrogenation of acetylene at constant volume and at 25°C. 


Solution: The required equation is 
C,H, (¢) + Ha (g)——> C,H, (g): AH=? 
Given, 
(a) H,(g)+ i 2° (g) —> H,0(/)_ ...) (AH = - 68.3 kcal) 
(b) C,H) (g) += = 0, ez ae (g)+ H,0(/) (ii) 


(AH = — 3106 kcal) 
(c) C,H, (g)+ 30, (g)——> 2CO, (g)+ 2H, O(/) (iii) 
(AH = ~ 3372 kcal) 
The required equation can be achieved by adding eqs. (i) and (ii) 
and subtracting (iii). 
C,H (g) + He (g) + 30 (g)~ C,Hy(g)- 30, (g) 
——> 2C0, + 2H, O(/) — 2CO, (g)— 2H, 0(2) 


or C,H, (g)+ Hy (g) > C,H, (g) 


AH = — 68.3 — 310.6— (—337.2) = —378.9+ 337.2=— 41.7 kcal 
We know that, 


AH = AE + AnRT 
or AE = AH ~ AnRT 

‘An = (1-2)=-1,R=2x 107? kcal mol“! K7! 
and T = (254 273)=298K 


Substituting the values in above equation, 
AE = ~ 41.7~ (-1)(2x 107 )(298) 
=— 41.7+ 0.596=— 41.104 kcal 
‘Example 44. Determine the heat of transformation of 
le —>C (graphite) from the following data: 

C (diamond) + 0», (g) amr: co, (g) wd) 
(AH = — 94.5 keal) 
C (eraphitey + On (g ) —> CO (g) (ii) 

' (AH = — 94.0 kcal) 


Solution: Subtracting eq. (ii) from (i), the required equation 


is obtained. 
AH teansformation = ~ 94-5- (-94.0) 
= — 94.5 + 94.0 =—- 0.5 kcal 


“Example 45. Methanoi can be prepared synthetically by 
heating carbon monoxide and hydrogen gases under pressure in 
the presence of a catalyst. The reaction is 


CO(g)+ 2H, (g)—> CH,0H(1) 


Determine the enthalpy of this reaction by an appropriate 
combination of the following data: ; 


1 w' 

C Graphite) + 2 0, (g) cara CO(g) : (i) 
(AH =-110.5kJ mol~') 

C Graphite ) + 07 (g ) ae co, (g) ..-(ii) 
(AH = ~393.5 kJ mol ~') 

ai et 

MM), One) 4 AsO) (iti) 


(AH =—285.9kJ mol) 
CH,OH()) +S 0,(g)—>C0,(g)+2H,0) Av) 


(AH = —726.6kJ mol ~') 


Solution: The required equation can be obtained in the 
following manner: 


— eq. (i) + 2 eq. (ili) + eq. (ii) — eq. (iv) = CO, (g) + 2H, (2) 
. ——> CH, OH(g) 
So, AH = 110.5~ 571.8— 393.54 726.6=-128.2kJ mol”! 


‘Example 46. How much heat will be required to make 
Zz kg of calcium carbide (CaC,) according to the Sollowing 
reaction? 


CaO(s) + 3C(s)—+ CaC (s) + CO(g) 
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The heats of formation of CaO(s), CaC,(s) and CO(g) are 
—151.6, -14.2 and -26.4 kcal respectively. 


Solution: AH = LAH® f (products) ~ ZAHY F (reactants) 


= [AH cacy + AH} (co) 1— [AH ¢ca0) +3AH 5c] 


=[~14.2— 26.4] — [-151.6+ 3x 0] 

= —40.6+ 151.6= 111.0 keal 
For formation of 64 g of CaC, 111.0 kcal of heat is sea ea 
So, heat required for making 2000 g of © 


CaC, = z _ x 2000 = 3468.75 kcal 


3. INFLUENCE OF TEMPERATURE ON 

THE HEAT OF REACTION 

OR 

KIRCHHOFF’ S EQUATION 
Let us consider a reaction occurring at constant pressure. Heat of 
reaction at constant pressure may be given as: : 

Differentiating the above equation with respect to ‘T’ at 

constant pressure, we get: 


(Hr), Ge) 
aT Jp \ aT )p \ aT Jp 
=(Cp )p ~ (Cp )p =ACp © 


or d(AH )=ACp dT - 


Integrating above differential equation within proper limit, we 
get: : 


fr dH = ACp fr aT 


AH,, — AHy, = ACp(T -T,) 
AH rh a AH h 

T. 2 boas qT, : 
Above equation is Kirchhoff’s equation. It is used to 


calculate heat of reaction dt a temperature provided it is known at 
-another temperature. 
Change in heat of reaction due: to per degree change in 
temperature is equivalent to heat ead difference between 
reactant and product. 


Kirchhoff’s equation at constant iohime'n may be given as: 


=AC p 


: BOND ENERGY OR BOND ENTHALPIES 


When a bond is formed between atoms, energy is released. . 


Obviously same amount of energy will be required to break the 
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bond. The energy required to break the bond is termed bond 
dissociation energy. The more precise definition is: 
The amount of energy required to break one mole of bond of a 


’ particular. type between the atoms in the gaseous state, i.e., to 


separate the atoms in the gaseous state under 1 atmospheric 
pressure and the specified temperature is called bond dissociation 
energy. For example, 


H—H(g)—> 2H(g); AH = + 433 kJ mol! | 

Cl— Clg) —> 2C(g); AH = + 242.5kJ mol! 
H—Cl(g)—> H(g)+Cl(g); AH = +431k3 mol™ 
I—I(g) —> 2(g); AH =+15.1kJ mol 
H—I(g)—>H(g)+1(g);_ AH = +299 KI mol”! 


The bond dissociation energy of a diatomic molecule is also 
called bond energy. However, the bond dissociation energy 


_ depends upon the nature of bond and also the molecule in which 


the bond is present. When a molecule of a compound contains 
more than one bond of the same kind, the average value of the 
dissociation energies of a given bond is taken. This average 
bond dissociation energy required to break each bond in a 
compound is called bond energy.* 

Consider the dissociation of water molecule which consists of 
two O—H bonds. The dissociation occurs in two stages. 


H,O(g)—> H(g)+ OH(g); AH = 4978 kJ mol 

OH(g ) —> H(g) + O(g); AH = 428.5 kJ. mol! 

The average of these two bonds dissociation energies gives the 
value of bond energy of O—H. 


497.8 + 428.5 
2 


Bond energy of O— H bond = = 463.15kJ mol! 


Similarly, the bond energy of N—H bond in NH, is equal to 
one-third of the energy of dissociation of NH, and those of C—H 
bond in CH, is equal to one-fourth of the energy of dissociation 
of CHy,. 


Bond energy C— = =416k3 mol™! 


[CH,(g) —> C(g) + 4H(g); AH =1664 kJ mol] 


Application of Bond Energy 
1. . Heat of a reaction = Bond energy of reactants © 


— 2 Bond energy of products 

Note: oe case of atomic species, bond energy is replaced by heat of 
atomization. 

2. Determination of resonance energy: When a 


compound. shows resonance, there is considerable difference 
between the heat of formation as calculated from bond energic™. 
and that determined experimentally. 
Resonance energy. = Experimental or actual heat of formation 
_ ~Calculated heat of formation: 


"Bond energy is s also called, the heat of formation of the bond from gaseous atoms constituting the bond with reverse sign. 


H(g)+ Cl(g)-> H— Clg); AH =~ 431k) mol”! 


Bond energy of H-——Cl= = (oubalpy of formation) = — (— 431) =+ 431k] mol"! 
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Example 47. . Calculate the AH of the reaction, 


H—C —Cl(g) > C(s) + 2H(g)+ 2Cl(g) 


Cl 


Bond energy for C—H bond and C—Cl bond are 415 kJ and 
326kJ respectively. 


Solution: AH = Sumof bond energies of reactants 


'~ Sum of bond energies of products 


=[2x (C—H)+ 2x (C—Cl)]-0 
(All the products are free atoms) 


=2x 415+2x 326 
= 830+ 652=1482kJ . 


reaction: 
H,C=CH,(g)+ H,(g)—> CH; —CH;,(g) 


The bond energies of C—H, C—C, C=C and H—H are 99, 
83, 147 and 104 kcal respectively. 
Solution: The reaction is: 


| H H 
| | lea 


C=C(g)+H—H(g)—_» H—C—C_tg); A=? 


H H . H H 
AH = Sum of bond energies of reactants 


— Sum of the bond energies of products — 


= = [AHc=c +4x AHe_y + AHy_u] 
—[AHe_¢ + 6x AHe_ 9] 
= (147+ 4x 99+ 104) — (83+ 6x 99) =— 30 kcal 
xample 49. The bond dissociation vagal tes of gaseous 
H,,Cl, and HCl are 104, 58 and 103 kcal mol ~ ' respectively. 
Calculate the enthalpy of formation of HCKg). 
Solution: ue ann equation is 


1 i(e)+4 “Cl (g) > HCKg); AH =? 


1 1: 
AH = LG AM 5 AHa—c ]-[AAy_o | 


=5 x 104+ ; x 58-103 = ~22 kcal mol! 


Xample 50. Calculate the enthalpy of formation of 
ammonia from the following bond energy data: 


(N — 4H) bond = 389 kJ mol ae (H—H) bond = 435 kJ 
mol “' and (N =N ) bond = 945.36 kJ mol“. 


oes 
= 


‘Example 48. Calculate the enthalpy of the following 


‘ Solution: 
H 


| 
N=N+ 3(H— H) —> 2N—_H; 
| 


H 
AH =[AH wan) + 3X AH yw ]- [64H yay | 
= 945,36+ 3x 435.0— 6x 389.0 =-83.64 kJ 


Heat of formation of NH; = = a2 8s —41.82kJ mol! 
Example 51. Calculate the resonance energy of N,O from 


. - 1 following data: 


AH, of N,O = 82k mol " 


Bond energy of N=N, N=N,O=O and N=O bonds is 
946,418, 498 and 607 kJ mol = respectively. (UT 1991) 


Solution: N=N(g)+ ; (O=0)——> N=N=O(g) 


1 


= (946+ ; x 498) — (607+ 418). 
= 946 + 249-607-418 
= 1195-—1025=170kJ mol! | 
Resonance energy = Observed heat of formation 
~ Calculated heat of formation 
= 82~170= 88kJ mol! 


¥Example 52. The enthalpies for the following ‘reactions at 
25°C are given: : 


+ Ha (@)+ 5 O2(@) > OH): AH = 1006 keal 
A,(g)—> 2H(g); AH =104.18 kcal 
O,(g) —> 20(g); AH = 118.32 kcal 


‘ Calculate the O—H bond energy in the OH group. 
Solution: Required equation is 


i O(g) —> 0— H(g); AH=? 


Given:— =H, (g)+-— 502 (g)—— OH(g); AH = + 10.06 kcal 


H(g)—> ; Hy (g); AH =~52.09keal 


Og); 0,(g); AH ==-59.16 kcal 


Adding, H(g)+O(g)—> OH(g); AH’ =—101.19kcal 
Example 53. The standard molar enthalpies of formation 


. of cyclohexane (1) and benzene (1) at 25°C are. —156 and + 49k] 


mol respectively. The standard enthalpy of hydrogenation of 

cyclohexéne (1) at 25°C is —119 kJ mol | Use these data to 

estimate the magnitude of resonance energy of benzene. . 
(HIT 1996) 
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Solution: 

Cyclohexene(/) + H, (g})——> Cyclohexane(/); AH = ~119kJ 

Enthalpy of formation of cyclohexane(/) =— 156 kJ mol! - 

So,enthalpy of formation of cyclohexane =~ 156- (-1 19) kJ 
=~37kJ mol”! 


Since, AH at is -156 kJ mol”! ,we can say that for every 


double bond the energy decreases by an amount +119 kJ mol 
and therefore for the introduction of three double bonds (present 
in benzene ring) the energy required 


=3x119kI mol”! =357kI mol! 
Hence, theoretical AH, for benzene = (357 — 156) kJ mol’ 
= 201k] mol! 
~ Observed AH , 
= (201~49)kJ mol”! =152:kJ mol 
aad Example 54. Calculate heat of combustion of ethene: 


Resonance energy = Theoretical AH, 


Se=cd + 30=0— 20=C=0+2H—O—H 


from bond energy data: C=C, C-—H,O=0O, C=O, O—H 
BEkI mol”: 619 414 499 724 460 


Solution: 
AH = Sumof bond energies of reactants 


‘— Sum of bond energies of products 
= [AH cacy + 440 cy + 3x AH o=o) | 
=[(619+-4 x 41443 x 499] —[4 x 7244+ 4 x 460] - 
= +964 kJ mol”! 


ay Example 55. Using the data (all values are in kilocalorie 
per mole at 25°C ) given below, calculate the bond energy of 
C—C and C—H bonds. 


\ pe eel 


combustion of ethane 


AH? ~ 530.0 


combustion of propane ~ 
AH? for C (graphite) ——? C(R) = + 172.0 
Bond energy of H— H bond = + 104.0 


AH’, of H,O(1)=- 68.0 
AH’; of CO,(g)=-94.0 
Solution: 
CoH, (g)+ ‘ O, ——> 2CO,(g)+ 3H,O(/); AH = - 372.0 
AH + (yh) = 2X (- 94.0) + 3x (— 68.0) + 372.0= —20 kcal 
C3Hg (g) + 50, —> 3C0,(g)+ 4H,0()); AH =- 530.0 
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AH + (cstig) = 2% (— 94.0) + 4 x (— 68.0) + 530.0 = — 24 kcal 


2C(s)+ 3H, (g)—> C,Hg(g); AH =-20.0 

. 2C(g) —> 2C(s); AH =- 344.0 

6H(g) —> 3H, (g); AH =~312.0 

Adding 2C(g)+6H(g)--> C,H (g);_ AH = - 676 kcal 


So, enthalpy of formation of 6C—H bonds and one C—C bond 
is — 676.0 kcal. 


3C(s) + 4H, (¢) —> CH, (g); AH =-24.0 « 
3C(g) — 3C(s); AH =- 516.0 
8H(¢) —> 4H, (g); AH =—- 416.0 
Adding 3C(g)+ 8H(g)—— C;H, (g); AH = — 956.0 kcal 
So, enthalpy of formation of 8C-—H and 2C—C bonds is 
—956 keal. 
Let the bond energy of C—C be x and of C—H be ykeal. 
In ethane x + 6y= 616 
In propane 2x+ 8y= 956 
- On solving, x= 82 and y=99 


Thus, bond energy of C— C= 82 kcal and 
bond energy of C— H=99 kcal 


ia Example 56. Using the bond enthalpy data given below, 
calculate the enthalpy of formation of acetone (g). 


Bond energy C—H = 4134 kJ mol”; 
Bond energy C —-C = 347.0k/ mol; 
Bond energy C=O = 728.0kJ mol”; 
Bond energy O=O = 495.0kJ mol”; 
Bond energy H —H = 435.8kJ mol’; 
AH gC (8) = 718.4 kJ mol 
Solution: 
3C(g) + 6H(g) + O(g) —> CH,COCH; (g) 


In acetone, six C—H bonds, one C=O bond and two C—C 
bonds are present. Energy released in the formation of these 


bonds 1 is 


=~ 6x 413.4 ~ 728.0 2x 3470 =~ 3902.4 4k mol”! 
The equation of the enthalpy of formation of acetone is. 


- 1 
3C (graphite) + 3H2 () + > a8 (g) —> CH,COCH;(g); AH =? 


This equation can ie obtained from the ialowpe equations 
by adding: 
3C(g) + 6H(g) + O(g )-—> CH; COCH, (g); 
AH =—3902.4 kJ mol! 
3C(s) — 3C(g); AH = 21552kJ mol! 
3H, (g)——> 6H(g); AH = 1307.4 kJ mol“! 


and 
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; 0,(g)—> O(g); - AH =2475k3 mol 


3C(s) + 3H, (g) +3 0,(g) —> CH, COCH, (g); 


ILLUSTRATIONS: OF OBJECTIVE QUESTIONS 


7. 


10. 


AH =—192.3kJ mol™! 


AH, 298 K of methanol is given by the chemical equation: 
(AIIMS 2005) 
' : 
(a) CH,(g) + + 0,(g) —> CH,OH(g ) 


(b) C (graphite) + ; O,(g) + 2H, (g) —> CH,OH(/) 


(c) C Giamond) + ; O,(g) + 2H, (g) —> CH,OH(/) 


(d) CO(g) + 2H, (g) —» CH,OH(/) 
[Ans. by] . 

[Hint: In the process of formation, the compound must be 
formed from constituent elements in their standard state.] 

The standard molar heat of formation of ethane, CO, and H,O 
(/ )are respectively —21.1, 94.1 and —68.3 kcal. The standard 
molar heat of combustion of ethane will be: 

(a) -372 kcal (b) —240 kcal 

(c) 162 kcal (d) 183.5 keal 

[Ans. (a)] 


[Hint:. C,H,(g) + ; 0,(g) —> 2CO,(g) + 3H,0(g) 


AH = 2AH;c9,) + 34H; H,0) — AH; Ho 
= 2(-94.1) + 3(-68.3) - (-2L1) = - 372 kcal] 


When ethyne is passed through ared hot tube, then formation 
of benzene takes place:. 


- -1 
AH; cy415)(g) = 230k mol 
° -1 


Calculate the standard heat of trimerisation of ethyne to 
benzene. 


3C,H,(g) —> CeHg(g) 
(a) 205 kJ mol! (b) 605 kJ mol! 
(c) — 605 kJ mol7! (d) -205 kJ mol"! 
[Ans. (c)] 
[Hints AM reaction = AHy (cote) ~ 3AM cH) 
= 85 — 3(230) 
== 605k mol], 


E,(g) + 2HCl(g ) —> 2HF(g) + Cl,(g); 
AH? = —352.18kJ 

The heat of formation of HCI will be: . 

(a) -22 kJ mol”! (b) 88 kJ mol” 


(c) -92.21 kJ mol! (d) -183.8 kJ mol! 
fAns. (c)] . 


11. 


12. 


13. 
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(Hint: AH action = 2AHy car) ~ 2AHy acy 
~352.18 = 2 x (-268.3) — 2x 
2x = 2(-268.3) + 352.18 
x =-92.21kJ mol”! ] 
Given two processes: 
; P,(s) + 3Cl,(g) —> 2PCI, (J); AH = — 635k) 
PCI, (J) + Cly(g) > PCI; (s);, ~137kI 


AH = 
The value of AH, of PCI, is: 


(a) 454.5 kJ mol (b) — 454.5 kJ 

(c) -772 kJ mol! (d) — 498 kJ mol! 

[Ans. oy 

[Hint: — + PAO) += = Chi) —> PCI, ()); AH =- = kJ 
PCI, (2) + Clog) —~ PCI, (s); AH =-137kJ 


On adding. P,(s) + — > Chg) —» PCI, (s); AH = - 454.5 kJ] 


The enthalpy of combustion at 25°C of H,, cyclohexane 


(CgH,.) and cyclohexene (C,H,)) are -241, -3920 and 
3800 kJ/mol respectively. The heat of hydrogenation of 


cyclohexene is: [CBSE (Med.) 2006] . 
(a) -121 kJ/mol (b) +121 kJ/mol 
(c) -242 kJ/mol (d) +242 kI/mol 
[Ans. (a)] 
[Hint: H,(g) + : 0,(g) —> H,0()) (AH =-241K) ..@) 
CHiy + 5 Ox(g) > 6C0,(g)+ 5H) Ai 
(AH =-3800 kJ) 
C,H, + 90,(g) —> 6CO,(g) + 6H,0() iil) 
(AH = —3920 kJ) - 


Eg. (i) + eq. (ii) — eq. (iii) gives 
AH = -— 241 — 3800 — (—3920) = - 121k] 

for CeHig + Hy —> GH. ] 

Given that: 


2Fe(s) +S 0, (g)— Fe,0; (s) (AH =~ 193.4 kJ) ...() 


Mats) +5 O2(g¢)— MgO(s) (AH =~ 140.2 kJ) ...(ii) 


What is a of the reaction? 
3Mg + Fe,0, ——> 3MgO+ 2Fe [JEE (Orissa) 2005] 
(a) —227.2 kJ (b) -272.3 kJ 
(c) 227.2 kJ (d) 272.3 kJ 
[Ans. (a)] 
[Hint: “Subtracting equation 1st from 2nd multiplied by 3, 


2Fe(s)+ 5 0,(g) ——> Fe,0,(s) (AH =-193.4 kI) ...(i) 


3Mo(s) + ; 0,(g) > 3MgO(s)_ (AH = - 420.6 kJ)....(ii) 


Subtracting eq. (i) from (ii), 
3Mg(s) + Fe,O, —> 3MgO + 2Fe; AH =— 420.6 — (-193.4) 
=—227.2 kJ] 
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14. 


15. 


16. 


17. 


_ (a) -1460 kJ (b) -800 kJ 
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Given that: 
—2C(s)+ 20,(g) —> 2CO,(g) (AH =-787kJ) i) 
1 a 
H,(g) +5 Ox(g)—> H,O(I) (AH =~ 2864) (il) 
SAF is woh 
CoH (g) + 5 02(¢) — 200, (2) + HO) (iii) 
(AH = — 1301) 
Heat of formation of acetylene is: [JEE (Orissa) 2005] 
(a)—-1802 kJ}. (b) +1802 kJ 
(c) -800 kJ (d) +228 kJ 
{Ans. (d)] 
{Hint: Required equation is: 
2C(s) + H,(g) —> C,H)(g) 


Eq. (i) + eq. (ii) ~ eq. (iii) gives 
: AH = (-787) + (-286) — (-1301) 
=+228k3] 
The enthalpy changes for two reactions are given by the 
equations: 


2Cr(s) + ; O,(g)—— Cr,0;(s); AH =-1130kJ 


| C(s)+5 O2(g)—> CO): AH =—110kI 
What is the enthalpy change in kJ for the following reaction? 
3C(s) + Cry Q3 (s) —— 2Cr(s) + 3CO(g) 


(c) +800kJ  (d) +1020 KJ 


(ce) +1460 kJ 

[Ans. (c)] 

(Hint: 3C(s)+ ; 0,(g) — 3CO@); AH = ~330kJ 
Cr,03(s) —> 2Cr(s) + ; 0,(g); AH =+1130K) 


On adding, 3C(s) + Cr,03(s) —> 2Cr(s) + 3CO(g); 
, AH = 800kJ] 


The enthalpy change AH for the neutralisation of 1 MHCI by 


caustic potash in dilute solution at 298 K is: (DPMT 2005) 
(a) 68 kJ (b) 65 kI 
(c) 57.3 kJ (d) 50kI 

[Ans. (c)] 

{Hint: Since, both HC] and KOH are strong, 57.3 kJ heat will 


be released.]. 


- Enthalpy of neutralisation of the reaction between CH,COOH 


(aq. )and NaOH(aq. )is —13.2 kcal eq?! and that of the reaction 
between H,SO,(aq.) and KOH(ag.) is -13.7 kcal eq”. The 
enthalpy of dissociation of CH;COOH(aq.) is: 

(a) -0.5 keal éq™! (b) +0.5 keal eq! 

(c)—26.9 keal eq”! (d) +13.45 keal eq! 


[Ans, (b)] 


[Hint: Dissociation ctibaloy of CH,COOH =13.7- 13.2 
=0.5 kcal eq™'. Thus, 0.5 kcal eq”! heat will be used to 
dissociate CH,COOH completely. ] ; 


18. 


19. 


20. 


21. 


Calculate the enthalpy change when 50 mL of 0.01 4 
Ca(OH), reacts with 25 mL of 0.01 M HCI. Given that AH® 
neutralisation of a strong acid and a strong base is 140 Eval 
mol!. 

(a) 14 keal 
[Ans. (b)] _ 


[Hint: 


_(b) 35 cal (c) 10 cal (d) 7.5 cal 


Number of moles of HCI = MV _ 0.01 x 25 


1000 =: 1000 
=25x107 
HCl —> H* + cl" 


n, = 25x10 
H 


Number of moles of Ca(OH), = _ MY _ 001x50_ 


1000 =: 1000 
=2x50x10° =10° 


= 50x 107 


ue 
In the process of neutralisation’ 25x10 mole H will be 


ee neutralised 


= 140 x 25 x 10° keal = 0.035 keal = 35 cal] 


Equal volumes of 1 4 HCI and | MH,SO, are neutralised by 
- | M NaOH solution and x and y kJ/equivalent of heat are 


liberated respectively. Which of the following relations is 
correct? 


(ajx=2y (b)x=3y ()x=4y Wx=Ky. 
[Ans. (d)] 
{Hint: Since, H,SO, gives 2 moles H* while HCI gives 1 


mole H* from 1 mole after ionisation. Hence, H,SO, will 
release double amount of heat as compared to HCI, 


ie, yo2xorx= 5] 


Which of the following acid will release maximum amount 
of heat when completely neutralised by strong base NaOH? 


(a) 1 MHCI (b) | MNO, 
'() 1 MHCIO, (d) 1 MH,SO, 
[Ans. (d)] 
[Hint: lonisation of H,SO, gives double amount of H* ions as 


compared to other acids. 
H,SO, ——> 2H* + SOF ] 
Determine the heat of the following reaction: 
FeO(s) + Fe,0, (s) —— Fe,0,(s) 


Given informations: 


2Fe(s) + O2(g) —> 2FeOQ(s); =-544 kJ 
4Fe(s) + 30,(g) —— 2Fe,0,(s); AH? =~ 1648.4 kI 
Fe;0,(s) > 3Fe(s) + 20,(g);AH® = #11184 kJ 
(a)-1074 kJ (b)-22.2kJ  (c) +249.8 KF (d) +2214.6 kJ 
[Ans. (b)] 


[Hint: 2Fe0(s)—> 2Fe(s) + O,(g); AH? = = + 544k 
2Fe,0;(s) —> 4Fe(s) + 30(g); AH? = + 1648.4 1d 
OF ef) + 40,(g) —> 2Fe,0,(s;  AH® = =2K 1118.4 J | 
- 2FeO(s) + 2Fe,0,(s) —> 2Fe,04(s) AH? =-444kJ 
. FeO(s) + Fe,0;(8) > Fe,0,() .. AH® =-222kI] 


22. 


23. ° 


24. 


25. 


(a) -2747.1 kJ mol! 
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Calculate the enthalpy of formation ot AH, for C,H;OH 


from tabulated data and its heat of combustion as represented 
by the following equations: 


Hp(g)+ Zh On(g) — > H,0(g) wi) 
" (AH® =-2418k) mol! ) 
C(s) + O,(g) —> CO,(g) (ii) 


(AH? = — 393.5kJ mot!) 
C,H; OH(1) + 30,(g) —» 3H,O(g)+2CO,(g) __...{iii) 
_(AH® =-1234.7kJ) 

(b) -277.7 kJ mol! 


(c) 277.7 kJ mol! (d) 2747.1 kJ mol! 


[Ans. (b)] 
(Hint: Required equation: 
2C(s) + 3H,(g) + 40.(g) —> C,H;OH(®) 
2C(s) + 20,(g) —> 2C0,(g); AH® = -2 x 393.5 kJ 


3H,(g) + ; 0,(g) —> 3H,O(g); AH° = -3 x 241.8 kJ 


3H,O(/) + 2CO.(g) —~ C,H,OH(/) + 30,(g); 
AH® = + 1234.7k3 
On adding, 


2C(s) + 3Hy(g) + ; 0,(g) —> C,H,OH(); 
AH®? = ~277.7 kJ mol '} 


Which of the following methods for calculation of heat of a 
reaction is not correct? 

(a) AH ,., reaction = LAH, products ~ LAH f reactants 

(b) AH ‘reaction 2(BE), eactants — 2(BE) products 

(c) AG vesction =z comb, (reactants) — TAH comb, (products) 

(d) AH reaction = — LAH, solution (producis) 
[Ans. (d)] 

Heat of combustion of diamond and graphite are —94.5 kcal 
and -94 kcal/mol respectively. What will be the heat of 


solution (reactants) 


‘transition from diamond to graphite? 


(a) ~ 0.5 kcal (b) +0.5 kcal (c) I keal (d) —1 kcal 
[Ans. (b)] 
[Hint AH = AX cont (diamond) ~ A comb. (graphite) ] 


For the reaction, é 
3N,0(g ) + 2NH;(g )—> 4N, (g)+ 3H,O(g ); 
AH® = — 879.6 kJ 


If AH;[NH,(g )] = — 45.9 kJ mo!™!; 
AH; H,O(g )] = —241.8k] mol! 


then AH?[N,O(g)] will be: 


(a) +246 kJ (b) +82 kJ: 

(c) -82 kJ (d) -246 kJ 

[Ans. (b)] 

(Hint: AH reaction LAH f (products) ~ 2AH f (reactants) 


=4 AH? [N.]+ 34H; [ H,0]- BAH? [NO] 


+ 2AH? [NH }}] 


26. 


27, 


28. 


29. 
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The bond energies of C=C and C—€ at 298 K are 590 aid 


331 kJ mol respectively. The enthalpy of polis 
per mole of ethylene is: 


(a)-70k} = (b)-72 kJ (c) 72 KI (d) 68 kJ 
[Ans. (b)] : 
(Hint: The polymerisation of ethene may be represented as 


nCH, == CH, ——> --CH, — CH, ++, 
one mole of C == C bond is decomposed and two moles uf C—C 
bonds are formed per mole of ethene. 
. AH =590-2x 331=-72kJ per mol of ethylene.] 
For the reaction, 
2H, (g)+ O,(g)——> 2H,O(g); AH =-571kJ 
bond energy of (H—H) = 435 kJ; of (OO) = 498 kJ; then 
calculate the average bond energy of (O—H) bond using the 


above data. (DCE 2065) 
(a)484kI (bo) -— 484 kJ (ec) 271 kJ (dd) -271 kJ 
[Ans. (a)] ; 

[Hint: 2(H—H) + O=0O ——» 2(H—O—H) 


AH = 2(BE) reactants nal 2(BE) products 
~571=[2x 435 + 498]- 4 x (BE)g_y 
2x 435 + 498 + 571 
(BE)o_n = Seng ee 


Use the bond energies in the table to estimate AH for this 
reaction: 


CH, = CH, + Cl. _- CICH, — CH, CI 


pond [oe Jee fe—a Je—u fo-ai] 


Bond energy | 347 612 331 414 243 
(kJ/mol) 


~ 484 kJ] 


(a) AH = — 684 kJ (b) AH = —154 kJ 
(c) AH = + 89kJ (d) AW = +177kJ 
[Ans, (b)] . 
[Hint: 


AF veaction =] 2 (BE) reactants 2(BE) products , 
=[(BE)omc + A(BE)c_y + (BE)a—cr J 
—[ABE)c_4 + 20BE)c_g + BE)e—c] 
=[(BE)ca¢ + (BE) —o 1- [2(BE)c_¢ + (BE)c—c] 
=[612 + 243]—[2x 331+ 347]=—154 k}] 
Heat of formation of 2 moles of NH,(g:) is -90 kJ; bond 
meee of H—-H and N—-H bonds are 435 kJ and 390 kJ 
mol! respectively. The value of the bond energy of N=N 
will be: 
(a) — 472.5 kJ (b) —945kS  (c)472.5k3 (d) 945 kJ mol”! 
[Ans. (d)] 


i 
{Hint N==N+ 3(H — H) —> 2N—H ; AH=-90kI 
| 
H 
Af reaction 2 (BE) reactams ‘i 2(BE) products 
~90 = [(BE)y in + 3(BE)y_4 ]- [6(BE)x_y ] 


-90=x+3x 435-6 x 390 
x = 945 kT mol] 
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30. If values of AH; of ICI(g ), Cl(g ) and I(g ) are respectively 


17.57, 121.34, 106.96 J mol! - The value of I—C1 (bond 
energy) in J mol™ “lis: 


(a) 17.57 (b) 210.73 (c) 35.15 (a) 106.96 
fAns. (b)] ; 
[Hint: The process will be: 


I(g) + Cg) —>I—CK(g}  AH° = 17.573 mol"! 
AH = Heat of atomisation of I(g) and Cl(g) 
— Bond energy of I—ClI bond 
17.57 = 12134 + 106.96 - x 
x= 210.73 J mol] 
31. Calculate the AH in joules for: 
C (graphite) —— C (diamond) 

from the following data: 
C (graphite) + O,(g)——> CO, (g); AH? =~ 393.5kJ 
_C (diamond) + 0,(g)—— CO,(g); AH? =~ 3954 kJ 


[CET (J&K) 2006] 
(a) 1900 (b) -788.9 x 10° 

(c) 190000 (d) as x10? 

[Ans. (a)] 

[Hint: C (graphite) + O,(g) —— CO,(g); AV° = - 393.5 kJ 


CO,(g) —> C (diamond) + 0,(g); AH® =+ 3954 kJ 


On adding, C (graphite) —— C (diamond) ; AH° = + 1900 J 
=+19kJ] 


32. The enthalpy changes for the following processes are listed 
below: 


Cl,(g) —> 2Cl(g); AH = 242.3kJ mol! 
L(g) 2Kg); AH = 151.0kJ mol”! 
ICK(g) —> I(g) + Cl(g); AW = 211.3 kJ mol”! 
L(s)— L(g); AH = 62.76kJ mol! 


Given that, the standard states for iodine and chlorine are 
L,(s) and Cl, (g) ie standard enthalpy of formation for ICI 


(g )is: (AIEEE 2006) 
(a) -14.6kJ mol! (b) -16.8kJ mol”! 

(c) +168 kJ mol”! (d) +244.8 kJ mol”! 

[Ans. (c)] 

[Hint: The reaction is: 


; 1,(s) + ; Clg) — ICl@) 
] 1 
A; Aho -|3 AF 3 3129 + 5 AH; 
1 
Mar AHg_a |~tAM,a] 


= tix 62.76+4.x i351 et x 242.3] — [211.3] 
2 2 2 


= 16.73 kJ mol] 
33. Given that: 


2C(s)+ O,(g) —>2C0,(g) (AH =-787kI)  ...(i) 


H,(g)+ 4O,(g)—> H,O(J) (428 =- 286K) ...(ii) 
C,H, (g) + 240,(g) —> 2CO,(g)+H,O(/) (iii) 
(AH = ~ 1310kJ) 

(VITEEE 2007) 
(b) + 1802 kJ mol”! 


(d) ~ 800 kJ mot! 


The heat of formation of acetylene is: 
(a) — 1802 kJ mol 
(c) +237 kJ mol! 
[Ans. (c)] 
[Hint: Required equation is: 
2C(s) + H,(g) —> C,H,(g) 
It can be obtained by adding eqs. (i) and (ii) and then 
subtracting eq. (iii) from it. 
Heat of formation of acetylene 
= (- 787) + (-286) — (- 1310) 
=+237kJ mol7!] 


7.20 DETERMINATION OF LATTICE 
ENERGY (Born-Haber Cycle) 


Lattice energy of an ionic compound is defined as the amount of 
energy released when one mole of the compound is formed by the 
interaction of constituent gaseous cations and gaseous anions. 
A*(g)+B  (g)—> A *B’ + Energy 
imole (Lattice energy) 

It is represented by the symbol, U. It is given negative sign as 
the energy is always released. Since, it is difficult to find the 
lattice energy by direct experiment, it is generally calculated by 
indirect method known as Born-Haber cycle which is based on 
Hess’s law. The cycle can be easily explained by taking the 
example of the formation of sodium chloride (NaCl). The form- 
ation of sodium chloride can be schematically represented as: 


NaCl 6 Nat + cr 
-Q 
IP 

EA 
$Clo(g) Nats) suninaton, Na(a) | 

Dissociation 
7 Ci\g) 

4D 
Fig. 7.17 


The formation of sodium chloride can occur either by direct 
combination of sodium(s) and chlorine(g ) or in various steps. 

Let the heat of formation of sodium chloride by direct 
combination be -@. 

The various steps in the formation of NaCl are the following: 
In each step, either energy is absorbed or released. 
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Steps involved | ~ Energy change 


(a) Solid sodium changes into gaseous sodium. +A oy 


Energy is absorbed. It is sublimation energy. 
Na(s)+ sublimation energy ——> Na(g) 


(b) Gaseous sodium atoms change into gaseous +IP 
sodium ions. In this step, energy equivalent 
to ionisation potential is absorbed. , 
Na(g) + JP ——> Na* (g) + e 


(c) Half mole of molecular chlorine dissociate gee 
into one mole of gaseous atomic chlorine. In 2, 
’ this step, energy equivalent to one half of the a 
dissociation energy is absorbed. 


; Cl,(g) + ; D=C\(g) 


(d) Gaseous chlorine atoms change into chloride ~EA 
ions by acceptance of electrons. In this pro- 
cess, energy equivalent to electron affinity is 
released. 
Clg) + e——> Cl" (g)+ EA 


(e) Sodium and chlorine ions are held together U 
by electrostatic forces to form NaCl”. The 
energy equivalent to lattice energy is re- 
leased. 


Total energies involved in the above five steps 
= AHyy +5D+ IP -EA+U 


Thus, according to Hess’s law 
~Q=AH,, +5D+IP - EA +U 


Example 57. Calculate the lattice energy for the reaction, 
*(g)+Cl~(g) > LiCKs) 
Srom the following data: 


AH wing = 160.67 kJ mol; 5 (Cl, )= 122.17 mol 


IP(Li) = 520.07 kJ mol; EA(Cl )=—365.26kJ mol “| 
and AH; (LiCl ) = ~ 401.66 kJ mol *. 
Solution: Applying the equation 
-Q=AH+4D+IP-EA+U 
and substituting the respective values, 
~401.66 = 160.67 + 122.174 520.07 — 365. 26+U 
U = -839.31kJ mol”! 
Example 58. When a mole of crystalline sodium chloride 


is prepared, 410kJ of heat is produced. The heat of sublimation of 
sodium metal is 180.8kJ. The heat of dissociation of chlorine gas 


into atoms is 242.7 kJ. The ionisation energy of Na and electron — 


affinity of Cl are 493.7 kJ and -368.2 kJ iia Calculate 
the lattice energy of NaCl. 


Solution: Applying the equation . 


-~O= AH, +5D+IP-EA +U 


and substituting the respective values, 


~410= 108.8 + ; x 242.74 493.7- 368.24+U 
U =-765.65kJ mol”! 


7.21 EXPERIMENTAL DETERMINATION OF 
THE HEAT OF REACTION 


The heat evolved or absorbed in a chemical reaction is measured 
by carrying out the reaction in an apparatus called calorimeter. 
The principle of measurement is that heat given out is equal to 
heat taken, i.e. , 
BG se -T,), 

where, Q is the heat of the reaction (given out), W is the water 
equivalent of the calorimeter and m is the mass of liquid in the 
calorimeter and s its specific heat, 7, is the final temperature and 
T, the initial temperature of the system. Different types of 
calorimeters are used but two of the common types are: 

(i) Water calorimeter and 

(ii) Bomb calorimeter 


(i) Water calorimeter 


It is a simple form of a calorimeter which can be conveniently 
used in the laboratory. It is shown in Fig. 7.18. 

It consists of a large vessel A in which a calorimeter 8 is held 
on corks. In between the calorimeter and the vessel, there is a 
packing of an-insulating material such as cotton wool. Inside the 
calorimeter there are holes through which a thermometer, a stirrer 
and the boiling tube containing reacting substances are fitted. A 
known amount of water is taken in the calorimeter. Known 


Boiling tube 


Thermometer 


Fig. 7.18 


amounts of reacting substances are taken in the boiling tube. The 

heat evolved during the reaction will be absorbed by the water. 

The rise in temperature is recorded with the help of thermometer. 

The heat evolved is then calculated from the formula 
(W+m)xsx(T, -T,) 
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(ii) Bomb calorimeter 


This is commonly used to find the heat of scanbieton of 
organic substances. It consists of a sealed combustion chamber, 
called a bomb. A weighed quantity of the substance in a 
dish along with oxygen under about 20 atmospheric pressure 
is placed in the bomb which is lowered in water contained 
in an insulated copper vessel. The vessel is fitted with a 
stirrer and a sensitive thermometer. The arrangement is shown in 
Fig. 7.19. 


Heat insulating 
container 


ignition 7 
Stier Wires ! 7 
—— : Thermometer 
:; i 
Hl 
Oxygen ff 
Hl 
H 
Hl 
H| 


Steel bomb 


Sample 


Fig. 7.19 


The temperature of the water is noted and the substance is 
ignited by an electric current. After combustion, the rise in 
‘temperature of the system is noted. The heat of combustion can 
be calculated from the heat gained by water and calorimeter. 

Since, the reaction in a bomb calorimeter proceeds at constant 
volutne, the heat of combustion measured is AZ. 

OF Dg SHS areal 
Wy 
Where, M is the molecular mass of the substance and w, is the 
mass of substance taken. 
Ad can be calculated from the relation, 
AH = AE + AnRT 


Example 59. 0.5 g of benzoic acid was subjected to 
combustion in a bomb calorimeter at \5°C when the temperature 
of the calorimeter system (including water) was found to rise by 
0.55°C. Calculate the heat of combustion of benzoic acid (i) at 
constant volume and (ii) at constant pressure. The thermal 
capacity of the calorimeter including water was found to be 23.85 
KJ. 

Solution: (i) Heat of combustion at constant volume, AF 
= Heat capacity of calorimeter and its contents 


. X rise in temperature x Molmass Ch eomnoun 
Mass of compound 


= 23. 853 0.55% 172 = 3200.67KI 
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Le, AE = ~ 3200.67 kJ moi ~ 
(il) We know that, AH = AE + AnRT 


C,H, COOH(s) + = 0,(g)——> 7C0, (g)+ 3H, 0(/) 


An=7~-7.5= ~ 0.5; R= 8314x107 kJ K7 mol!; 7 = 288K 


Substituting the values in the above equation, 
AH =~ 3200.67 + 8.314 x 107 x (— 0.5) x 288 


=~ 3200.67— 1.197=-3201.867kJ mol 


Example 60. A sample of 0.16 g CH, was subjected to 
combustion at 27°C in a bomb calorimeter. The temperature of 
the calorimeter system (including water) was found to rise by 
0.5°C. Calculate the heat of combustion. of methane at 
(2) constant volume and (ii) constant pressure. The thermal 
capacity of calorimeter system is 17.7 kJ K™ and 
R=8.314J K | mol (IIT 1998) 


Solution: (i) Heat of combustion at constant volume, AE 


= Heat capacity of calorimeter system X rise in temperature 
Mol. mass of compound 


Mass of compound 
=17.7x 05x —© = 985 
0.16 
i.e., AE = ~885kI mol! 
(ii) CHy(g)+ 20,(g)— CO, (g)+ 2H, 0(/) 
An=1-3=-2,T =300K,R= 8.314107 KIK™ mol” 


AH = AE + AnRT 
= ~ 885+ (—2) x 8.314 107 x 300 
= ~ 885 — 4.988 = -889,988 kJ mol 
Example 61. The heat of combustion of ethane gas is Faw 
kcal/mol. Assuming that 60% of heat is useful, how many m of 
ethane measured at NTP must be burned to supply heat to convert 
50 kg of water at 10° C to steam at 100° C? 
Solution: Heat required per gramof water 
=(90 + 540) cal = 630cal 
Total heat needed for 50 kg of water 
= 50x 10° x 630cal 
As the efficiency is 60%, the actual amount of heat required 
_ 50x 10° x 630 
7 60 


No. of mole of ethane required to produce 52500 kcal 


: = = 142.663 mole 


x 100 = 52500 kcal 


Volume of 142.663 mole at NTP = 142.663 x 22.4 
= 3195.65 litre = 3.195 m? 


‘7:22’ LIMITATIONS OF FIRST LAW OF 
THERMODYNAMICS 
The essence of first law of thermodynamics is that all physical 


and chemical processes occur in such a way that the total energy 
of the system and surroundings is constant. The law correlates the 
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various forms of energy, i.e., their interconversion into one 
_ another in exactly equivalent amounts. The law has stood the test 
of time as no transformation has violated the principle of 
conservation of energy. However, the first law of 
thermodynamics has a number of limitations. 

1. The law does not give any information about the 
direction in which flow of energy takes place. For 
example, if two systems 4 and B which are capable of 
exchanging heat are brought in contact with each other, 
the first law of thermodynamics will only tell us that one 

“system loses energy and other system gains the same 
amount of energy. But the law fails to tell whether the 
heat will flow from system A to B or from system B to A. 
In order to predict the direction of the flow of heat, one 
more parameter, i.¢., temperature is required. The heat 
actually flows from a system which has higher 
temperature. The process continues till both the systems 
attain the same temperature. The law fails to answer why 
heat energy does not flow from cold system to hot system 
though the energy is conserved in this way also. 

2. The law does not explain why the chemical reactions do 
not proceed to completion. 

3. The law does not explain why natural spontaneous 
processes are irreversible. 

4. The law does not contradict the existence of self-acting 


refrigerator. 

5. The law does not contradict the existence of 100% 
efficient engine. 

6. The difference between = spontaneous = and 


non-spontaneous processes is insignificant in view of the 
first law. 
The answers to above limitations are provided by second law of 
thermodynamics. However, before we study this law, let us 
understand the terms spontaneous, entropy and free energy. 


7.23: SPONTANEOUS AND 
_ NON-SPONTANEOUS PROCESSES 


One of the main objectives in studying thermodynamics, as far as 


chemists are concerned, is to be able to predict whether or not a 
reaction will occur when reactants are brought together under a 
special set of conditions (for example, at a certain temperature, 
pressure and concentration). A reaction that occurs under the 
given set of conditions is called a spontaneous reaction. If a 
reaction does not occur under specified conditions, it is said to be 
non-spontaneous. 

The term spontaneity means the feasibility of a process. In 
nature, we observe many processes which occur of their own. For 
example, water flows down the hill without the help of any 
external agency, heat flows from a conductor at high temperature 
to another at. low temperature, electricity flows from high 
potential to low potential.. There are processes which require 
some initiation before they can proceed. But once initiated, they 
proceed by themselves. The burning of carbon, burning of fuels 
and petrol, etc., require some initiation. These processes are 
termed as spontaneous on account of their feasibility, i.e. , these 
can occur without the help of external work. 
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A process which has an urge or a natural tendency to occur 
either of its own or after proper initiation under the given set of 
conditions is known as spontaneous process. 

Spontaneous process does not mean that it sakes place 
instantaneously. It simply implies that the process has an urge to 
take place and is practically feasible. The actual speed of the 
process may vary from very low to extremely fast. The rusting of 
iron is a slow spontaneous process while the neutralisation 
reaction between an acid and an alkali is a fast spontaneous 
process. It is a matter of experience also that all natural processes 
are spontaneous and are irreversible, i. e., move in one direction 
only. The reverse process which can be termed as non- — 
spontaneous can be made to occur only by supplying external 
energy. For example, water can be made to flow upward by the 
use of some external agency or energy is always required to lift 
the ball from the ground. The natural (spontaneous) processes 
follow a non-equilibrium path and as such are irreversible but 
these processes proceed up to establishment of equilibrium. At 
equilibrium state, the process stops to occur any further. Heat 
flows from a hotter body to a colder body till the temperature of 
both bodies becomes equal; there is no further flow of heat and 
we say that the system has attained equilibrium. Some of the 
familiar examples of spontaneous processes are listed below: 

(a) Spontaneous processes where no initiation is required 

(i) Dissolution of sugar or salt in water 
Sugar + water ——> Aqueous solution of sugar 
4 Salt + water ——» Aqueous solution of salt 
(ii) Evaporation of water from water reservoirs such as 
ponds, lakes, rivers, sea, open vessels, etc. 


H,0(7) — H,0(g) 
(iii) Flow of heat from a hot body to a cold body. 
(iv) Mixing of different gases. 
(v) Flow of water down a hill. 
(vi) Reaction between H, (g)and I, (g)to form HI(g). 


H, (g)+ 1,(g) —> 2HI(g) 


(vii) Reaction between nitric oxide gas and oxygen to form 
nitrogen dioxide. 


2NO(g) + 0 (g)—> 2NO; (g) 
(viii) Melting of ice into water. 
H, O(s) — H, 0(/) 

(ix) A piece of sodium metal reacts violently with water to 

form sodium hydroxide and hydrogen gas. -%; 
2Na(s)+ 2H, O(7) ——> 2NaOH(aq.) + H>(g) 

(x) When a zinc rod is dipped in an aqueous solution of 
copper sulphate, copper is precipitated. 
CuSO, (aq.) + Zn(s) ——> ZnSO, (ag.) + Cus) 

(b) Spontaneous processes where initiation is required 


(i) Reaction between H, and O,: This reaction is initiated 
by passing electric spark through the mixture. 


Electric 
2H, (g)+ OMe Tae 2H ,0(/) 
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(ii) Coal bums in oxygen or air when ignited: Coal keeps on 
burning once initiated. 


C(s)+ 0, (¢) "5 co, (e) 
(ili) Methane burns with oxygen when ignited. 
— -CH,(g)+ 20,{g)—> CO, (g)+ 2H, 00%) 
(ix), A candle made up of wax burns only when ignited. . 
(v) Calcium carbonate evolves carbon dioxide upon heating. 


Heat ‘ 
CaCO; (s)— CaO(s) + CO2(g) 


A process which can neither occur by itself nor by initiation is 

called a non-spontaneous process. 
Or 

A process which has no natural tendency or urge to occur is 
said to be a non-spontaneous process. 

Few examples of non-spontaneous processes are: 

(i) Flow of heat from a cold body to a hot body. 
. Gi) Dissolution of gold or silver in water. 

(iii) Flow of water from ground to overhead tank. 

(iv) Hydrolysis of sodium chloride. 

(v) Decomposition of water into hydrogen and oxygen. 

(vi) Diffusion of gas from a low pressure to a high pressure. 

It is not always true that non-spontaneous processes do not 
occur at all. Many of the non-spontaneous processes or changes 
can be made to take place when energy from some external 
source is supplied continuously throughout the change. 
(However, the processes that occur spontaneously in one 
direction cannot, under the same conditions, also take place 
spontaneously in the opposite. direction). For. example, the 
decomposition of water into hydrogen and oxygen (non- 
spontaneous process) can occur when electrical energy is 
supplied to water. The process stops when the passage of 
electrical energy is stopped. 

Driving force for a spontaneous process: After having 
learnt about spontaneous processes, a very obvious question 
. arises in our minds that why some processes are spontaneous? 
Obviously there must be some kind of driving force which is 
responsible for driving the process or a reaction in a particular 
direction. . 

The force which is responsible for the spontaneity of a process 
is called the driving force. 

Let us now discuss the nature of the driving force. 

1. Tendency to acquire minimum energy: We know that, 
lesser is the energy, greater is the stability. Thus, every system 
tends to acquire minimum energy. For example: 

(i) Heat flows from high temperature to low temperature so 
that heat content of hot body becomes minimum. 

(ii) Water flows down a hill or a slope to have minimum 

energy (potential). 

Gii) A wound watch spring tends to unwind so that 

mechanical energy of watch becomes minimum. 

All the above processes are spontaneous because of a 
tendency to acquire minimum energy. 

It has been observed that most of the apauiensods chattilcal 
reactions are exothermic. For example: 


H,(g)+ : 0,(g) > H,0(/), AH =- 286.2kI mol 


~ C(s)+0,(g) > CO, (g); AH = —395kI mol! 
N,(g)+ 3H, (g)——> 2NH,(g);. AH = -92.4kJ mol - 


In exothermic reactions, heat is evolved from the system, i.e., 
energy is lowered. Thus, exothermic reactions occur 
spontaneously » on account of decrease in enthalpy of system 
(AH =~ ve). 

Hence, it can be concluded that the negative value of AH 
may be the criterion of spontaneity. _ 


Limitations of the criterion for minimum energy 


(a) Spontaneous endothermic reactions or processes: A 
number of endothermic reactions and processes are known which 
are spontaneous, i.e., when AH is +ve. Some examples are given 
below: — 

@ Evaporation of water or melting of ice takes place by 
absorption of heat from surroundings, i.e., these processes are 
endothermic (AH = + ve). 

H,OQ(s) —> H,O();, AH = + 6.0kJ mol! 
H,O(/) > H,Q(g); AH =+44kJ mol”! 


(ii) The decomposition of CaCO, is non-spontaneous at room 
temperature but becomes spontaneous when the temperature is 
raised. 

CaCO, (s) —> CaO(s)+ CO, (g); AH = +178.3kJ mol! 


(iii) Compounds like NH, Cl, KCI, etc., dissolve in water by 
absorption of heat from water. Temperature of the water 
decreases. 


NH,Cl(s) + ag. —» NHj (aq. )+ Cl (aq. ); 
AH = +15.1k] mol! 
(iv) Dinitrogen pentoxide (N,O,) decomposes spontane-- 
ously at room temperature into NO, and O,, although the 
reaction is highly endothermic. 
2N,0;(g)——> 4NO, (g) + 02(g); 
AH = 219kJ mol! 
(v) The decomposition of HgO becomes spontaneous on 
heating. 
2HgO(s) —> Hg(7) + Op (zg); . 
AH = 90.3kJ mol! 
(b) Occurrence of reversible reactions: A large number of 
reactions are reversible in nature. In these reactions, both forward 
and backward reactions occur simultaneously in spite of the fact 


that one reaction is exothermic (AH=-—ve) and other 
endothermic (AH = + ve). 


AH = — ve 


(i) H,(g)+1,(¢)—— 2HI(g); 
2HI(g )—> H,(g).+ In (g); AH =+ve 
H,(g)+ I, (¢)=— 2HI(g) 
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(ii) Nz (g) + 3H2(g) —> 2NH; (g); 


AH =—ve 
2NH; (g) —— N2(g) + 3H; (g); AH =+ve 
N, (g)+ 3H, (g) === 2NH; (g) 


(c) Reactions having zero AH: A number of reactions are 
known in which neither energy is evolved nor absorbed, but these 
are spontaneous. For example, esterification of acetic acid is a 
spontaneous process. AH of this reaction is zero. 


CH, COOH + C,H,OH —> CH, COOC,H, + H,0 


(d) Exothermic reactions fail to- achieve completion: 
Every exothermic reaction rarely proceeds to completion even 


though AH remains negative throughout. In fact, all spontaneous — 


reactions proceed in a direction until an equilibrium is attained. 
Since, some spontaneous reactions are exothermic and others 


are endothermic, it is clear that enthalpy alone cannot account for _ 


spontaneity. There must be some other factor responsible for 
spontaneity or feasibility of a process. 

2. Tendency to acquire-‘maximum randomness: There is 
another natural tendency that must be taken into account to 
predict the direction of spontaneity. 

Nature tends to move spontaneously from a state of lower 
probability to one of higher probability, £2, things tend to 
change from organized to disorganized. To illustrate what this 
statement means, we consider a spontaneous process of 
intermixing of two inert gases for which AH is zero. Two 
different inert gases, let us say helium (He) and neon (Ne), are 
originally contained in different glass bulbs, separated by a 
stopcock as shown in Fig. 7.20(a). To make the system as closed 
one, the entire system is perfectly insulated. 

When the. valve is opened, the intermixing of the two inert 
gases occurs due to diffusion into one another. As the gases are 
inert, there is no chemical interaction between them, the heat 
change during intermixing is negligible. The process of 
intermixing is a spontaneous process. If the process is examined 
critically, it is observed that when the valve is opened, both the 
gases are provided larger volume to occupy, i.e., each gas 
achieves its own most probable distribution, independent of the 
presence of other gas. The final distribution is clearly much more 
probable than the initial distribution. There is, however, another 


Fig. 7.20 (a) 
inert gases before mixing 


Fig. 7.20 (b) 
inert gases after mixing 


useful way of looking at this process. The system has gone from a 
highly ordered state (all the helium molecules on the left, all the 
neon molecules on the right) to a more disordered or random 
state. Mixed gases cannot be separated on their own. Thus, 
diffusion is a spontaneous process acquiring more randomness. _ 

In general, nature tends to move spontaneously from more 
ordered to more random states, or a process proceeds 


spontaneously in a direction in which randomness of the system 
increases. 

Another example of achieving more randomness is the sugar 
dissolving in water. Before the solid sugar dissolves, the sugar 
molecules are organized in a crystal. As the molecules dissolve, . 
they become distributed randomly and uniformly throughout the. 
liquid. The opposite process never occurs, i. e., sugar cubes donot 
form from the solution. 

Thus, the second factor which is responsible for ihe 
spontaneity of a process is the tendency to acquire maximum 
randomness. 

On the basis of second ae we may also explain the 
spontaneity of endothermic processes. 

(i) Decomposition of calcium carbonate: 


CaCO, (s) —-» CaQ(s)+ CO, (g); AH = +178, 343 mol! 


This process is spontaneous because the gaseous CO, produced: 
is more random than solid calcium carbonate. 
(ii) Evaporation of water: 


H,OU) —>H,O(g); AH =+44kJ mol”! 


The gaseous state of a substance is more random than the liquid” 
state. Thus, evaporation of water is spontaneous which proceeds 
in the direction of more randomness. : 

Similarly, fusion of ice is also spontaneous because the 
process again proceeds in the direction of more random state, i.e. , 
liquid state is more random in comparison to solid state. 


H,0(s) > H,0();_- AH = +6.06kJ mol™ 
Gii) Dissolution of NH ,Cl in water: 
NH,CI(s) + ag. —> NH; (aq. ) + Cl (aq. ); 
AH = +15.1kJ mol 


When solid NH, Cl(s)is dissolved in water, its ions become free. 
Free ions move randomly in all directions. Thus, the solution is a 
more random state as compared to solid NH,Cl. Thus, the 
process of dissolution will be spontaneous because randomness 
increases on dissolution. 
(iv) Decomposition of mercyric oxide: _ 
2HgO(s) —> 2Hg(/) + O3(g); AH = +903kJ mol! 


Here again the process will be spontaneous because the product 
is more random than reactant due to presence of gaseous O). 

Limitations of the criterion for maximum 
randomness: Like energy factor, the randomness factor has - 
also certain limitations. For example, in the liquefaction of a gas 
or in the solidification of a liquid, the randomness of the particles 
decreases but still these processes are spontaneous. Thus, like 
energy factor, randomness alone cannot be the sole criterion for 
the spontaneity of a process. , 


Overall tendency as driving force for a spontaneous 
process 

From the above discussion, it is apparent that the spontaneous 
processes occur because of the two tendencies: 


(i) Tendency of a system to achieve a state of minimum 
energy. 
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(ii) Tendency of a system to achieve a state of maximum 

randomness. 

The overall tendency of a process to be spontaneous depends 
on. the resultant of the above two factors. The resultant of the two 
tendencies or overall tendency for a process to occur is termed 
ae ne driving force. 

' Here, it should be noted that these tendencies are 
indduendest of each other. Both may act in the same or in 
opposite directions in a process. 

Case I: When enthalpy factor is absent then randomness 
factor decides spontaneity of a process. 

Case ll: When randomness factor is absent then enthalpy or 
- energy factor decides spontaneity of a process. 

Case Ill: When both factors take place simultaneously then 


_magnitude of the tendencies becomes important to decide 


spontaneity. 


‘72 ENTROPY 


Why do systems tend to move spontaneously to a state of 
maximum randomness or disorder? The answer is that a 
. disordered state is more probable than an ordered state because 
the disordered state can be achieved in more ways. The following 
example illustrates the point. Suppose that you shake a box 
containing 10 identical coins and then count the number of heads 
(H) and tails (T), It is very unlikely that all the 10-coins will come 


up heads; ie, perfectly ordered: arrangement is much less . 


probable than the totally disordered state in which heads and tails 
come up randomly. The perfectly ordered state of 10 heads can be 
achieved in only one way and the totally disordered state can be 
achieved in 2'° (1024) ways, ie., the totally disordered state is 
2'° times more probable than the perfectly ordered state. If the 
box contained 1 mol of coins, the perfectly ordered state would 
_ be only one, but the disordered states would be much higher 
(24 = 2692%10 ) It is thus, concluded that a change which 
brings about randomness is more likely to occur than one that 
brings about order. The extent of disorder or randomness is 
expressed by a property known as entropy. 

Entropy is a thermodynamic state quantity which 4 ‘is a 
_ measure of randomness or disorder of the molecules of the 
system. 

Entropy is represented by the symbol ‘S”. It is difficult to 
define the actual entropy of a system. It is more convenient to 
define the change of entropy during a change of state. The change 
in entropy from initial to final state of a system is represented by 
AS. The entropy is a state function and depends only on the initial 
and final states of the system. 


AS = S fina — 5 initiat 
When S final > S initial , AS is positive. 
For a chemical reaction, 


AS =S (products) ~ S (reactants) 


Mathematical Definition of Entropy 


The entropy change of a system may be defined as the integral 
of all the terms involving heat exchanged (q) divided by the 
absolute temperature (J) during each infinitesimally small 
change of the process carried out reversibly at constant 
temperature (isothermally). 


fas=—f 39 rev . 


Trev : 
or AS == . mol 
es (i) 


If heat is absorbed, then AS is positive (increase in entropy). If 
heat is evolved, AS is negative (decrease in entropy). The value 
of AS, like AE and AH, is a definite quantity and depends on the 
initial and final states of the system. It is independent of the 
manner in which the change has been brought about, 1. e., whether 
the change has been brought about reversibly or irreversibly. 

Several factors influence the amount of entropy that a system 
has in a particular state. In general, 

(i) The value of entropy depends on the mass of the system. 
Hence, it is an extensive property. 
(ii) A liquid has a higher entropy than the solid from which it 
-is formed. In a solid, the atoms, molecules or ions are 
fixed in position; in the liquid, these particles are free to 
move past one another, ie., liquid structure is | more 
random and the solid more ordered. 

(iii) A gas has a higher entropy than the liquid from Ne, itis 
formed. When.vaporization occurs, the particles acquire 
greater freedom to move about. 

(iv) Increasing temperature of a substance increases its 

entropy. Raising the temperature increases the kinetic 
energy of the molecules (atoms or ions) and hence their 
freedom of motion. In the solid, the molecules vibrate 
with a greater amplitude at higher temperatures. In a 
liquid or a gas, they move about more rapidly. 
In other words, the more heat the system absorbs, the 
more disordered it becomes. Furthermore, if heat is 
absorbed at low temperature, it becomes more disordered 
than when the same amount of heat is added at higher 
temperature. 


Units of Entropy and Entropy Change 

Since, entropy change is expressed by a heat term divided by 
temperature, it is expressed in terms of calories per degree, i.e. , 
cal K~!. In SI units, the entropy change is expressed in terms of 
joules per degree, i.e.,J K~'. Entropy is an extensive property, 
ie., it depends on the mass of the substance; hence units of 
entropy are expressed as cal deg™’ mol~! (cal K~' mol7!) or 
joule deg™' mol! (JK7! mol™'). | 


Spontaneity in Terms of Entropy Change 


In an isolated system, such as mixing of gases, there is no 
exchange of energy or matter between the system and 
surroundings. However, the mixing of gases is accompanied by 
randomness, i. e., there is increase in entropy. Therefore, it can be 
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stated that for a spontaneous process in an isolated system, the 
change in entropy is positive, i¢., AS > 0. 

However, if a system is not isolated, the entropy changes of 
both the system and surroundings are to be taken into account 
because system and surroundings together constitute the isolated 
system. Thus, the total entropy change (AS,,,,;) is sum of the 


change in entropy of the system (AS,tem) and the change in 
entropy of the surroundings (AS,roundings)» &@» 


AS total = AS system + AS surroundings ++ (ii) 
For a spontaneous process, AS,,,, must be positive, i.e., 
AS total = AS sistem + AS surroundings >0 a (iii) 


AS joa, 18 also termed as AS wiiverse 

During a spontaneous process, the entropy of the system goes 
on increasing till the system attains the equilibrium state, i.e., 
entropy of the system becomes maximum and, therefore, no more 
increase in the entropy of the system is possible. The 
mathematical condition for equilibrium is, 


AS = 0(at equilibrium for an isolated system) 


a (iV) 
If AS ion, is negative, the direct process is non-spontaneous 
whereas the reverse process is spontaneous. 

This can be illustrated by considering the entropy changes in 
the conversion of water to ice at three different temperatures. The 
relevent entropy changes for the system and surroundings and 
total change are given in the following table: 


AS sorounding 

JK" mor! TK! mot! 
= 21,85 + 2.93 
—21.99 + 21.99 
— 22.13 _ + 22.05 


At 272K: AStua = ASgyaem + AS 


surroundings 
=—21.85+ 21.93=+0,08JK~! mol! 
“AS >0 at272K 


process 
- Thus, freezing of ice at 272 K, H,O(I))-> H,O(s) will be 
spontaneous. 


At 273 K: AS joa = AS system + AS surroundings 


=—21.99+ 21.99=0 
AS toa = 9 
Thus, at this temperature, water and ice will be at equilibrium. 
H,O(/) == H,0(s); AS =Oat 273K (at equilibrium) 
At274K: AS total = AS system + AS groundings 
=~ 22.13+ 22.05=-0.08)K7' mol 
AS <0 
Thus, freezing of water will be non-spontaneous at 274 K. 
H,O(/) —> H,O(s) AS < 0(non-spontaneous) 
Entropy Change in Reversible Process 
Consider an isothermal reversible process. In this process, let 


the system absorb gq amount of heat from surroundings at 
temperature 7. The increase in the entropy of the system will be 


On the other hand, surroundings lose the same amount of heat at 
the same temperature. The decrease in the entropy of the 
surroundings will 


q 


AS. surroundings = — T 


Total change in entropy = entropy change in system + entropy 
of the process change in surroundings 


AS total = AS stem f AS surroundings 


When the reversible process is adiabatic, there will be no heat 
exchange between system and surroundings, i.e.,g = 0 
AS system ae 0, AS worroundings =0 
AS toa = AS. system + AS surroundings =0 


Entropy Change in Irreversible Processes 


Consider a system at higher temperature 7, and its. 
surroundings at lower temperature T,. ‘g’ amount of heat goes 
irreversibly from system to surroundings. 


q 
rane 
system T, 
q 
AS. surroundings + rT 
AS process Fae AS system + AS srroundings 


But 7, >T,, .. 7, —T, =+ve 
or AS 


Hence, entropy increases in an irreversible process. 


process 


Entropy Change for Ideal Gases 


Change in entropy for an ideal gas under different conditions 
may be calculated as: 


(i) When changes from initial state (1) to final state (2): 


AS =2.303nCy log | 22.|+2.303nR log | 12 
T, Y, 


(when T and V are variables) 


AS = 2.303nCp log | 22. |+2.303nR log | “+ 
; q P, 


(when 7 and P are variables) 


(ii). Entropy change for isothermal process: 


AS = 2.303nR log (7) 
i 1 
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AS = 2.303nR log (% 
Py} 


(iii) Entropy change ‘fii isobaric process Be. constant 
pressure): 


AS = 2.303nCp log (2) 
q, 


AS = 2.303nCp log G 
1 


(iv) Entropy change for isochoric process (at constant 
volume): 


AS = 2.303nC, log (2) 
: 1 


AS =2.303nC, log (2 
P, 


(v) Entropy change in mixing of ideal gases: etn, mole of 
gas A and n, mole of gas B are mixed; then total entropy change 
can be calculated as: 


AS = —2.303R[n, log x, + nz log x] 


X15%_ are mole fractions of gases A and B, 


; ny ng 
Le, x, = 3%2 = 
ny + Ny ny + Ny 
AS/mol = — 2.303R | log x; + log | 
ny +N ny +n 


AS /mol = 


Entropy change in adiabatic expansion will be zero, AS = 0. 


~2.303R[x, log x, +x, log x, ] 


Physical Significance of Entropy at a Glance 


1. Entropy as unavailable energy: Entropy is unavailable 
energy of the system. 


Unavailable energy 


Entropy = - 
Temperature in K 


2. Entropy and randomness: Entropy is a measure of 
disorderness or randomness in the system. Increase in entropy 
means change from an ordered to less ordered (or disordered) 
state. 

3. Entropy and probability: Entropy may be defined as a 
function of probability of the thermodynamic state. Since, we 
know that both the entropy and thermodynamic probability 
increase simultaneously in a process, hence the state of 
equilibrium is the state of maximum probability. 


Characteristics of Entropy 
The important characteristics of entropy are summarised 
below: 


(i) Entropy is an extensive’ property. It is difficult to 
determine the absolute value of entropy of a substance 


but its value deperids on mass of the substance present in 
the system. 

(ii) Entropy of a system is a state function. It depends on the 

state variables such as 7, P,V and n which govern the 
__ State of the system. 

(iii) The change in entropy taking place in going from one. 
state to another state does not depend on the path 
adopted. It actually depends on the final and initial states 
of the system. 


Change in entropy, AS = Ss. — 5; 


initial 
(iv) The entropy change for a cyclic process is zero. 
(v) The entropy change in the equilibrium state is zero 


(AS = 0). 
(vi) Fc or natural processes, entropy of universe is incre3sing. 
AS exirese > 0 
(vii) In a reversible process, AS jo, OF AS pniverse = 0 and 
therefore : 
AS system = AS surroundings 


(viii) For adiabatic reversible process, . 
AS system ~ AS grroundings = AS tom =9 
In a spontaneous (irreversible process), 


AS totat OF AS >0, 


i.e.,in spontaneous processes, there is always increase in 
entropy of the universe. 


7.25 ENTROPY CHANGE DURING PHASE 
TRANSITIONS 


Solid, liquid and gas are the three forms of a matter. The change 
of a substance from one form to another is known as phase 
transformation. Such changes occur at definite temperatures 
and are accompanied by entropy change. During these 
transformations either heat is absorbed or evolved, i.e., the 
entropy either increases or decreases accordingly. 
The entropy change for these transformations is given by 
AS _ 7 rev 


trans 
T 


universe 


where, g,., is the heat absorbed or evolved and 7 is the 
temperature of transition. g,., is actually the molar enthalpy 
change of the substance. 

(i) Entropy of fusion: The entropy of fusion is defined as 
the change in entropy when one mole of a solid substance 
changes into liquid form at the melting temperature. 

The heat absorbed is equal to the latent heat of fusion 


AH, 
AS fasion = Stiquia ~ Ssotid = i 
f 
For example, when ice melts, the change in entropy is given by 
AF scion _ 60003 mol” 


=21.98JK7! mol! 
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(ii) Entropy of vaporisation: It is defined as the change in 
entropy when one mole of the liquid substance changes into 
vapours (gas) at its boiling point. 

AS vapour = S vapour Stiguid = 
Where, AH ,,pour is the latent heat of vaporisation and 7, is the 
boiling point. 

For example, when water is converted into steam, the change 
in entropy is given by 
AA vapour _ 40626 J mol” 

T, 373 


AS vapour (water) =S steam S water — 


IP 
=108.9JK7 mol™! 


(iii) Entropy of sublimation: Sublimation involves the 
direct conversion of a solid into its vapour. The entropy of 


sublimation is defined as the change in entropy when one mole of - 


a solid changes into vapour at a particular temperature. 
AH. 


sub 


T 
Where, AH,,, = heat of sublimation at temperature T. 


AS sub =S 


vapour — Ssolid = 
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«Example 62. The enthalpy change, for the transition of 
liquid water to steam, AH yapoy is 40.8 kJ mol! at 373 K. 


Calculate entropy change for the process. 


Solution: The transition under consideration is: 
_H,0(/) +> H, 0(g) 
We know that, AS vapour = “se 
Given, AH vapour = 40.8 kJ mol” 
= 40.8 x 1000 J mol 
T =373K 

‘Thus, AS yapour = aia = 109.38JK™ mol” 
“Example 63. What is entropy change for the conversion of 


one gram of ice to water at 273 K and one atmospheric pressure? 
( AH fusion = 6.025 kJ mol “ ) 


Solution: AH gsion = 6-025 X 1000 J mol" 

e0teny g | =334.72Jg" 

18 
AH pci 
AS fasion fet — 
f 

seer <i 56K g! 

273 


_-:. Example 64. Calculate the enthalpy of vaporisation per 
mole for ethanol. Given, AS =109.8J K 1 mol and boiling 
point of ethanol is 78.5°C. 


Solution: We know that, 
AS vices = AF vapour 
; qT bp 
Given, AS vapour = 109.8) K7' mol! 


Typ = 78.5 + 273 = 351.5K 
Substituting these values in above equation, we get 


109.8 = —P* 
351.5 
AH pour = 38594.7 J mol” 
= 38.594 kJ mol! 


_ Example 65. Calculate the entropy 
following reversible process: 


change for the 


a-Tin <= B-Tin at 13°C 
1} mol at | atm 1 mol at 1 atm 
(A rans = 2090S mol”! ) 
Ad, 2090 
Solution: AS trans = — = = 
trans T 286 
= 7.3076) K7! mol"! 


“Example 66. At 0°C, ice and water are in equilibrium and 
enthalpy change for the process H,O(s)——H,O(!) is 
6kJ mol ~'. Calculate the entropy change for the conversion of 
ice into liquid water. 


Solution: We know that for the process of fusion, 
H,O(s) —— H,0(/) 
AS fusion ~ AH sion 
Ty 
foe reek mele 


Example 67. The enthalpy of vaporisation of liquid 
diethyl ether (C,H, )O is 26kJ mol” at its boiling point 35°C. 
Calculate AS° far conversion of : 

(a) liquid to vapour, 
(b) vapour to liquid at 35°C. 


(a) AS AH veporisaion _ 26000 


Solution: 


vaporisation = ae 308 
= 84.42JK' mol! 
(b) AS condensation =— AH. vaporisation 
=~84.42JK™ mol! 


Example 68. Calculate entropy change when 10 moles of 
an ideal gas expands reversibly and isothermally from an initial 
volume of 10 litre to 100 litre at 300 K. 


V. 
Solution: AS = 2.303nR log (2 
Vy 


= 2.303 x 10x 8.314 log (=) 


= 191.24) kK"! 
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Example 69. Oxygen gas weighing 64 g is expanded from | 
atm to 0.25 atm at 30°C. Calculate entropy change, assuming the 
gas to be ideal. 


Solution: n= —— = — =2 
AS = 2.303nR log it 
P, 


= 2,303 x 2x 8.314 log fa 
0.25 


= 23.053) K7! 


_ Example 70. Calculate the change in entropy when \mole 
nitrogen gas expands isothermally and reversibly from an initial 
volume of \ litre to a final volume of 10 litre at 27°C. 


AS = 2.303 nR log | 2 
V, 


Solution: 


= 2.303 x Ix 8. a 


= 19, Nea 


34, Fora liquid, enthalpy of fusion is 1.435 kcal mol”! and molar 
entropy change is 5.26 cal mol™' K~'. The melting point of 


the liquid is: 
Sek oeee (b) — 273°C 
SaaS (d) 100°C 
[Ans. (a)] 
[Hint: ASpwion = ison. 
mp 
re enacts 
Top 
Top = Be = 23K, ie, 0°C] 


35, Latent heat of vaporisation of water is 540 cal g™! at 100°C. 
Calculate the entropy change when 1000 g water is converted 


to steam at 100°C. 
(a) 1447 cal (b) 2447 cal (c) 3447 cal (d) 4447 cal 
[Ans. (a)] 
AH, 540 x 1000 
int: AS, =——> = = 1447 cal 
(Hint! ASp = = “G73 ae 


36. Enthalpy of fusion of water is 6.01 kJ mol!. The entropy 
change of 1 mole of ice at its melting point will be: 


(a) 22 kJ mol”! (b) 109 kJ mol! 
(c) 44 kJ mol! (d) 11 kJ mol”! 
[Ans. (a)] 
. _ AH acon _ 6-01 1000 _ a 
[Hint: ASpision = t. = a = 22 kJ mol ] 
37. For spontaneous process: 
(a) AS ra, = 0 (b) AS, ota, > 0 
(c) AS iota < 0 (d) none of these 
{Ans. (b)] 
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[Hint: Scat = a AS stem + AS rounding 


= + ve for spontaneous process] 

38. Melting point of a solid is x K and its latent heat of fusion is 
600 cal mol”!. The entropy change for fusion of 1 mol solid 
is 2 cal mol! K~!. The value of x will be: 
(a) 100K (b) 200 K (c) 300 K 
[Ans. (c)] 

fusion 


Ad, 
(Hint: - 


(d) 400 K 


= AStasion 


T = 300K] 
39. The entropy change involved in the conversion of 1 mole of 


liquid water at 373 K to vapour at the same temperature will 


be: 
AF yay = 2.257 k3/g 
~ (a) 0.119 kJ (b) 0.109 kJ 
(c) 0.129 kT (d) 0.120 kJ ee 
[PMT (MP) 2007] 
[Ans. (b)] 
[Hint: AS = Aap _ 2.257% 18 _ 9 199 kI/g] 


T 373 


7.26. SECOND LAW OF THERMODYNAMICS 


The second law of thermodynamics tells us whether a given 
process can occur spontaneously and to what extent. It also helps 
us to calculate the maximum fraction of heat that can be 
converted into work in a given process. 

The second law of thermodynamics like first law is a postulate 
and has not been derived from any prior concepts. It is stated in 
various forms. However, all the statements of second law have 
the same meaning. 

1. Clausius statement: “Jt is impossible to construct a 
machine that is able to convey heat by a cyclic process from a 
colder to a hotter body unless work is done on the machine by 
some outside agency.’ 

It means that work can always be completely converted into 
heat but heat cannot be converted completely into work without 
leaving some permanent change in the system or surroundings. 
For example, heat produced in heat engine is never fully utilized, 
as part of it is always lost to surroundings or in overcoming 
friction, etc. Thus, it can’ be said that the complete conversion of 
heat into work is impossible without leaving some effect 
elsewhere. 

Or 
it is not possible to convert heat into work without 
compensation. 
Or 


All forms of energy can be converted into heat energy but heat 


cannot be converted into other forms of energy fully by anv 
process. 


The other similar statements are: 


2. Thomson statement: The heat of the coldest body 


among those participating in a cyclic process cannot serve as a 
source of work. 


2 


CHEMICAL THERMODYNAMICS AND THERMOCHEMISTRY 


3. Kelvin-Planck statement: It is impossible by means of 
inanimate material agency to derive mechanical work or effort 
from any portion of matter by cooling it below the temperature of 
the coldest of the surrounding objects. 

4. It is impossible to construct a heat engine of 100% thermal 
efficiency. 

5. Ludwig Boltzmann statement: In 1886, Ludwig 
Boltzmann gave a most useful statement of the second law of 
thermodynamics. Nature tends to pas. from a less probable to 
more probable state. 

The connection between entropy wi the spontaneity of a 
Teaction or a process is exgressed by the second law of 
thermodynamics in a number of ways. 

6. All spontaneous processes or naturally occurring 
processes are thermodynamicalty irreversible. Without the help 
ofan external agency, a spontaneous process cannot be reversed. 

For example, the mixing of non-reacting gases is a 
spontaneous process. But these cannot be separated from the 
mixture without the application of special methods. 

Heat energy can flow from a hot body to a cold body of its 
own (spontaneously) but not from a cold body to a hot body 
unless the former is heated. 

7. The entropy of the universe increases in a spontaneous 
process and remains unchanged in an equilibrium process. 

Since, the universe is made up of the system and the 
surroundings, the entropy change in the universe (AS yriverse) for 
any process is the sum of the entropy changes in the system 
(AS ten) and in the surroundings (AS. ,oundings )- 
Mathematically, the second law of thermodynamics can be 
expressed as: 


A spontaneous process: 


AS universe ~ AS system + AS. scoundings >0 
An equilibrium process: 
AS wwiverse = AS 5 stem + BS 5 conaines = 0 
For a spontaneous process, the law says that AS verse Must be 
greater than zero, but it does not place a ‘testriction on either 
AS sytem OT AS srroundings: Thus, it is possible for either AS, ¢eq OT 
surroundings 0 be negative, as long as the sum of these two 
quantities is greater than. zero. For an equilibrium process, 
AS universe 18 ZETO, 1.€., AS sytem ANd AS surroundings Must be equal in 
magnitude but opposite in sign. 

Thus, the entropy of the universe is continuously increasing. 
The main ideas of the first and second law of thermodynamics 
may be summarised as: 

First law states that the energy of the universe is constant 
whereas the second law states that the entropy of the universe is 
continuously increasing and tends to a maximum. 

First law deals with the conservation of energy whereas the 
second law tells the direction of flow of energy. 


For a reversible process, 
d 
dS = or dq=TdS 


For an irreversible process, 
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This is the mathematical 
thermodynamics. 


dq= dE +P dV This is the mathematical statement of 
first law of thermodynamics 


Combining both the laws of a reversible process, 
TdS =dE+PdvV 


7.27 GIBBS FREE ENERGY, (G), CHANGE IN 
FREE ENERGY AND SPONTANEITY 


As discussed earlier, there are two thermodynamic quantities that 
affect reaction spontaneity. One of these is enthalpy, H; the other 
is the entropy, S. The problem is to put these two quantities 
together in such a way as to arrive at a single function whose sign 
will determine whether a reaction is spontaneous. This problem 
was first solved more than a century ago by J. Willard Gibbs, 
who introduced a new quantity, now called the Gibbs free 
energy and given the symbol, G. Gibbs showed that for a reaction 
taking place at constant pressure and constant temperature, AG 
represents that portion of the total energy change that is available 
(i.e. , free) to do useful work. If, for example, AG for a reaction is 
— 300 kJ, it is possible to obtain 300 kJ of useful work from the 
reaction. Conversely, if AG is + 300 kJ, at least that much energy 
in the form of work must be supplied to make the reaction to take 
place. Gibbs free energy of a system is defined as: 

“The thermodynamic quantity of the system, the decrease ii 
whose value during a process is equal to useful work done by the 


statement of second law of 


system,” 
: Mathematically, it may be defined as: 
G=H-TS -  @ 
_ where, H = enthalpy; S = entropy and T = absolute temperature. 
We know that H=E+PV ... (ii) 
From eqs. (i) and (ii), 
G=E+PY - TS 


Free energy change at constant temperature and pressure can be 
given as: 
-AG=AE+PAV-TAS 


AG= =AH~T AS .. (iii) 
(Gibbs-Helmholtz SS aetiOn) 
Here, AH =AE+PAV 


Gibbs-Helmholtz equation is used to discuss the driving force, 
ie., the overall criterion of spontaneity. 


[Note: Since, ‘#7’ and‘ S” are extensive property hence ‘G’ will also be 


an extensive property. Moreover, Gibbs function ‘G” is a state 
function.) — 


Free Energy Change and Spontaneity 


Let us consider a system which is not isolated from its 
surroundings. In-this case, total entropy change can be calculated 
as: 
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AS total ~ AS system + AS curroundings ate (i) 
Let us consider the process at constant temperature and pressure. 


Let gp amount of heat be given by the system to the 
surroundings, 


(4p Jesrountings = =( dp Jepsen a AH ystem 


— AH. 
reas 2 (4p rin - = - (ii) 
From equations (i) and (ii), 
AH. 
AS total = BS si ~ a 
or T AS oat = T ASsytem ~ AH system 
or —T AS toa, = AH ystem — T AS system ... Gi) 
According to Gibbs-Helmholtz equation, 
AG=AH-TAS 
AGyysem = AA gystem ~ T AS systema ... (iv) 


From equations (iii) and (iv), 
AG stem = —T AS 
We know that for spontaneous process, AS,,.., > 0 


total 


AG = — ve for spontaneous process. 


Thus, for spontaneous process T AS jo Should be positive or AG 
should be negative. 

Case I: Let entropy and energy, both factors are favourable 
_ se '2 process, Le,, AH =~ veand T AS = + ve 
- AG=AH-TAS 


= (—ve) — (+ve) = — ve 


v. FREE 


Thus, AG = — ve: / 9 spontaneous process. 
Case HI: Let both energy and entropy factors oppose a 


process, j.e., AH = + ve, T AS = —ve. 


“. From AG=AH-T AS 
= + ve — (—ve)=+ve 
Thus, AG is positive for a non-spontaneous process. 


Case III: Let both tendencies be equal in magnitude but 
opposite, i.2., 


-AH=4+ve and TAS=+ve and AH=TAS. 
AG=AH -T AS 
=0 


In this condition, the process is said to be at equilibrium. 


-. From 


Coupled Reactions 


We know that the reactions which have AG=+ve are 
non-spontaneous. However, such reactions can be made 
spontaneous when coupled with a reaction having very large 
negative free energy of reaction, 


@.g., 2Fe,03(s)——> 4Fe(s) + 30, (g); AG° = + 1487kJ/mol 
6CO(g) + 30, (g¢) — 6CO, (g); AG° = ~1543.2kJ/mol 
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On adding, 2Fe,0, (s)+ 6CO(g) Sy 4Fe(s) + 6CO, (g); 
AG® = —52.2kJ/mol 


Thus, both reactions proceed simultaneously. 

The free energy of a reaction is the chemical analogue of 
potential energy of mechanical systems. A body moves in the 
direction in which there is decrease in potential energy. Similarly, 
in chemical system, the substance moves in a direction in which 
there is decrease in free energy, i.e., AG is negative. 

In a chemical reaction, AG= Gyoducts ~ Greactants» Thus, 
spontaneous changes occur with a decrease in free energy, i.e., 
AG is negative. 

To sum up, the criteria for spontaneity of a process in terms of 
AG is as follows: 

(i) If AG is negative, the process is spontaneous. 

(ii) If AG is zero, the system is in equilibrium. The process 
does not occur. 

(iii) If AG is positive, the process does not occur in the 
forward direction, It may occur in the backward 
direction. 3 

Conditions for AG to be negative or the process to be 
spontaneous 


We know that, 


AG= AH -T AS 


Conditions © 


‘—ve +ve ~—ve spontaneous 
(favourable) (favourable) 
—ve —ve |AH |>( AS) -ve spontaneous 
(favourable) (unfavourable) fins 
+ve 


+ve |T AS |>|AH | ve spontaneous 
(unfavourable) | (favourable) 


Role of Temperature on Spontaneity 
In Gibbs-Helmholtz equation: 

AG =AH-T AS, 
not only AH and AS but also temperature ‘7’ is a determining 
factor for spontaneity, iie., for AG to be —ve. Let us discuss 
exothermic and endothermic reactions to show the influence of 
temperature. 

1. Exothermic processes: In exothermic reactions, 

AH =— ve (favourable condition) 

Case I: When TAS is positive, ie., favourable, then AG 
will be negative and the process will be spontaneous at all 
temperatures. 

Casell: When T AS is negative, i.e., unfavourable, then AG 
will be negative when | AH |>|T AS | To reduce the magnitude 
of T AS, the temperature should be low. Thus, exothermic 
reactions can be made favourable (when T AS =—ve) by 
lowering the temperature. 

2. Endothermic reactions: In endothermic reactions, 
AH = + ve (unfavourable conditions). 

In case of endothermic reactions, AG will be negative when 
|AH |<|T AS | To increase the magnitude of T AS, temperature 
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(1) should be increased. Thus, endothermic reactions can be 
made favourable by increasing the temperature. 

Thus, temperature also plays an important role in deciding the 
spontaneity of a reaction. A reaction which is non-spontaneous at 
low temperature becomes spontaneous at high temperature and 
vice-versa. 


Sign of AH, AG and AS and prediction of spontaneity 


AH | AS AG Remarks 
~ve +ve |-ve | Spontaneous at all 
_ temperatures 
Ve. -ve |—ve (at low temperature) | Spontaneous 
+ve (at high temperature) | Non-spontaneous 
+ve +ve_ |+ve (at low temperature) Non-spontaneous 
—ve (at high temperature) _ | Spontaneous 
+ve ~—ve |+ve Non-spontaneous at all 


| temperatures 


+ 


; | 
Spontaneous at high tem-| Spontaneous at all temper- 
perature and non-sponta-| atures 
neous at low temperatures 


AS 


Non-spontaneous at all|Non-spontaneous at high 


temperatures temperatures and sponta- 


neous at low temperatures 
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AH and AS for the reaction, 
1 
Ag,O(s) > 2Ag(s) + Es 0; (g) 


Example 71. 


are 30.56kJ mol”! and 66.0J K~' mol” respectively. Calculate 
the temperature at which free energy change for the reaction will 
be zero. Predict whether the forward reaction will be favoured 
above or below this temperature. 


Solution: We know that, 
AG=AH-T AS 
At equilibrium, AG=0 
so that 0=AH-TAS 
AH 
or T=—— 
AS 
Given that, AH = 30.56 kJ mol! 


= 30560J mol”! 
AS = 66.0] K™ mol! 


po aig 
66 


Above this temperature, AG will be negative and the process will 
be spontaneous in forward direction. 
_ Example 72. For the reaction, 


2NO(g)+ O2 (2) —9 eNO; (g) 


463 


Calculate AG at 700 K when enthalpy and entropy changes are 
-113.04J mol! and-145J K™! mol”! respectively. 


Solution: We know that, AG = AH -T AS 
Given, AH = -113kJ mol” 
=—113000J mol 
AS =-145JK™ mol! 
T= 700K 


Substituting these values in the above equation, 


we get AG = — 113000 - 700 x (-145) 
=~11500J mol! 
=~11.5kJ mol! 

Example 73. Jn the reaction A* + B —> A+B", there 
is no entropy change. If enthalpy change is 22kJ of A*, calculate 
AG for the reaction. 

Solution: For the given reaction, 
AH = 22kJ, AS =0 
“. From, AG=AH-TAS 
AG = 22-T x 0=22kJ mol! 
Example 74. AH and AS for the — reaction 


Br, (1) + Cl,(g) > 2BrCl(g) are 29.37 kJ and 104.07 K 
respectively. Above what temperature will this reaction become 
spontaneous? 
Solution: According to Gibbs-Helmholtz equation, 
AG= AH -T AS 
For spontaneous process, AG < 0 
ihe, AH -T AS <0 
T AS > AH 


T> AH 

AS 
poo T > 282.4 K. 
104 ; 


‘Example 75. Calculate the temperature at which liquid 
water will be in equilibrium with water vapour. 


AH yay = 40.73 kJ mol™' and AS yy = 0.109 kJ mol”! K 


Solution: Given, AH = 40.73 kJ mol! 
AS = 0.109kJ mol! K* 
and AG=0 
Applying AG=AH -T AS 
0= 40.73 - T x 0.109 
p20: 2373.6K 
0.109 


Example 76. Zinc reacts with dilute hydrochloric acid to 
give hydrogen at 17°C. The enthalpy of the eenesiios is — zu 55 KF 
mol! of zinc and entropy change equals 5.0J K7! mol” | Yor the 


reaction. Calculate the free energy change and predict whether 
the reaction is spontaneous or not. 
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Solution: Given, AH =—12.55kJ mol! 
AS =5.0)K7! mol" 
= 0.005kJ K7 mol! 
T =17+273=290K 
AG = AH-T AS 
=~ 12.55- 0.005 x 290 
=~ 12.55-1.45=-14.00kJ mol! 


Since, AG is negative, the reaction will be spontaneous. 
Example77. AH and AS _ for the — system 
H,O (1) —— H,O(g) at 1 atmospheric pressure are 40.63 kJ 
mol! and 108.8 JK ~! mol! respectively. Calculate the 
temperature at which the rates of forward and backward 
reactions will be the same. Predict the sign of free energy for this 
transformation above this temperature. 


Applying 


Solution: Given, AH = 40.63kJ mol”! 
AS =108.83K7 mol =0.1088kJ K! mot”! 
AG=0 (when the system is in equilibrium) 
Applying AG = AH -T AS 
0= 40.63—T x 0.1088 
AOS 23754 K 
0.1088 


The sign.of AG above 373K, ie., 
calculated as follows: 


Again applying AG=AH -—T AS 
= 40.63 — 374 x 0.1088 
= 40.63 — 40.69 = — 0.06 kJ 
Acs will be negative; hence, the reaction will be spontaneous. 


say 374K, may be 


_ Example 78. fur the reaction, 
SOCI, + H,O ——> SO, + 2HCl, 
the peel of reaction is 49.4 kJ and the entropy of reaction is 


336J K ~~. Calculate AG at 300K and predict the nature of the 
reaction. 
Solution: AG=AH-—T AS . 
= 49.4 — (300 x 336x 10°) 
=-514kJ 


Since, the free energy change is negative, the given reaction is 
spontaneous. 


Example 79. The standard enthalpy and entropy changes 
for the reaction in equilibrium for the forward direction are given 
below: 
CO(g) + H,O(g ) == COz(g)+ Hy (g) 


Abo ¢ = 41.164 mol” 
AS5o0 « =~ 4.24 X107 KI mol” 
AH i090 K = — 32-93 kJ mol” 


AS x50 K =~ 2-96 107 kJ mol” 


Calculate K p at each temperature and predict the direction of 


reaction at 300K and 1200K, when Poo =Pco, 
= Py, = Py,o = \atmat initial state. 
Solution: At 300K: AG° = AH° — T AS° 
= —41.16— 300x (- 4.24 x 107) 
= —28.44 kJ 


Since, AG° is negative hence reaction is spontaneous in 
forward direction, 


AG° = —2.303 RT log K p 
~28.44 = — 2.303 x 8.314 x 10°? x 300 log Kp 


Kp =8.93x 10° 
At 1200 K: AG° = AH® - TAS ° 
= — 32.93 — 1200(— 2.96 x 10°? )= +2.59kJ 


Positive value of AG° shows that the reaction is spontaneous 
in backward direction 


AG° =—2.303 RT log K p 
2.59 = — 2.303 x 8.314 x 10°? x 1200 log K p 
Kp =0.77 


- ~ Example 80. The standard Gibbs free energies for the 
reactions at 1773 K are given below: 


C(s)+0,(g)—> CO,(g); AG° =—380kJ mol“ 
2C(s) + O,(g) = 2CO(g); AG° =- 500K mol“ 


Discuss the: possibility of reducing Al,O,; and PbO with 
carbon at this temperature, 


4Al + 30, (g)—> 2A1,0;(s); AG? =—22500KJ mol ~' 
2Pb + O,(g)—> 2PbO(s); AG°=~120k/ mol“ 
Solution: Let us consider the reduction of Al,O; by carbon: 
2Al,03 + 3C(s) —> 4Al(s) + 3CO, (g); 
AG° = —380x 3+ (22500) = + 21360 kJ 
2Al,0, + 6C(s) —> 4Al(s) + 6CO(g); 
AG° = —500x 3+ 22500= +21000kJ 


Positive values of AG? show that the reduction of Al,O, is 
not possible by any of the above methods. 
Now, let us consider the reduction of PbO. 


2PbO(s) + C—> 2Pb + CO,; 
AG? = +1204 (-380) =— 260kJ 
2PbO(s) + 2C —> 2Pb + 2C0; 
AG° = +120 + (-500) = -380kJ 


Negative value of AG ° shows that the process is spontancous 
and PbO can be reduced by carbon. 


Example 81. Jn a fuel cell, methanol is used.as fuel and 
oxygen gas is used as an oxidiser. The reaction is: 


CHOH(1) + ; O,(g) —> CO, (g) + 2H,0(1) 


SY TNR ITEP 
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Calculate standard Gibbs free energy change for the reaction 
that can be converted into electrical work. If standard enthalpy of 
combustion for methanol is -726kJ mol~': calculate the 


efficiency of conversion of Gibbs energy into useful work. 
AG; for CO,, H,O, CH,OH, O, are — 394.36; ~237.13; 
—166.27 and zero respectively. 
Solution: The reaction for combustion of methanol is: 


- CH,OH(1) + ; 0,(g) —> CO, (g) + 2H, O(/) 
AG. 


reaction 


=[AG; CO,(g)+2 AG; H,O(/)] 
— [AG; CH, OH(/) +S AG; 03 (g)] 


= [-394.36 + 2 (—237.13)] — [-166.27 + 0] 
= — 702.35 kJ mol! 


Efficiency of conversion of Gibbs free energy into useful work 


= AG reaction x 100 
AH’ 


reaction 


_ ~702.35 x 100 
-726 


WWUSTRATIONS OF OBJECTIVE QUESTIONS _ 
40. The free energy for a reaction having AH = 31400 cal, 


AS = 32 cal Ko mol”! at 1000°C is: {JEE (Orissa) 2005} 
(a) —9336 cal (b) -7386 cal (c)—1936 cal (d) +9336 cal 
[Ans.  (a)] 
[Hint: AG = AH -—T AS = 31400 — 1273 x 32 = — 9336 cal] 
41. F,C=CF— CF= CE, —> E,C—-—CF, 
| 
FC === CF 

For this reaction (ring closure), AW =-49 kJ mol’, 
AS = -40.2 J K7 mol™!. Upto what temperature is the 
forward reaction spontaneous? — 
(a) 1492°C) = (by 1219°C_ — (ce) 946°C 
[Ans. (c)]} 
{Hint: For spontaneous process, 

AG =AH —T AS (should be negative) 


= 96.7% 


(d) 1080°C 


T> ala 
AS 
-49 x 1000 
_ 740.2 
T >1219 K, ie, 946°C] 
42. For the equilibrium reaction, the value of Gibbs free energy 


change is: ~ (DCE 2005) 
(a)>0 - (b)<0 (c)=0 (d) #0 
[Ans. (c)} 


[Hint: AG = Oat equilibrium] 
43. At0°C, ice and water are in equilibrium and AH = 6kJ mol7!. 
For this process: 
H,O(s) =— H,0(/) 


The values of AS and AG for conversion of ice into liquid 
water at 0°C are: 


(a) 21.93 K7! mol” and 0 (b) 0.2193 K7! mol and 0 
(c) 21.93 K7! mot™! and 0 (d) 0.0219 JK! mol! and 0 


[Ans. (c)] 
[Hint: AG =0, 
AH -TAS =0 
AH _ 6000 5) 9S Ko! mol] 
T 273 


44, Fora reaction: 
1 
Ag,0(s)—*2Ae(s) += On(g) 


AH, AS and T are 40.63 ki mol”; 108.8 J K™ mol”! and 
373.4 K respectively. Predict the feasibility of the reaction. 


(a) feasible (b) non-feasible 
(c) remains at equilibrium _(d) not predicted 
[Ans. (c)] 


[Hint AG =AH -T AS 
= 40.63 x 1000 — 373.4 x 108.8 =0] 
45. For the homogeneous reactions: 
xd + yB —31Y + mZ 
AH =-30kJ mol, AS =—1003K7 mot”. 
At what temperature the reaction is at equiiibrium? 


[PMT (Kerala) 2006] 
(a) 50°C (b) 250°C —s (c) 100K — (dd) 27°C 
(e) 500K 
[Ans. (d)] 
{Hint: AG = AH ~T AS 
At equilibrium, AG = 0 
fee eM ok. de ee 


AS ~100 
46. For the reaction CO(g) +5 Ong) CO,(g), AH and 


AS are +283-kJ.and +875467! mol?!xnespectively. It was 
intendedite eatty: out this:reaction’ at:1000, 1500, 3000 and 
3500 K. At which of these temperatures would this reaction 
be thermodynamically spontaneous? [PMT (Kerala) 2006] 
(a) 1500 and 3500 K “ (b) 3000 and 3500 K. 

(c) 1000, 15U0 and 3000 K (d) 1500, 3000 and 3500 K 


(e) At all of the,above temperatures 4 

(Ans. (0)] | 

[Hint: AG = AH -T AS 

At 1000K, AG =-283 — (—1000 x 0.087) (Spontaneous) 
=-196 

At1S00K, AG =-283 - (—1500 x 0.087) (Spontaneous) 
= —152.5kJ 

At 3000 K, AG =~ 283 — (~3000 x 0.087) (Spontaneous) 
=~22k) 

At3500 K, AG =—283 — (-3500x 0.087) (Non-spontaneous) 
=+ 21.5 kJj 


47. Fora reaction, 
AH =+29kI mol; AS =-35JK" moi 
at what temperature, the reaction will be spontaneous? 
[PMT (Haryana) 2007} 
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(a) 828.7°C 
. (b) 828.7K ye, % 
(c) Spontaneous at ail temperature 
- (d) Not possible : = 7 
. .fAns, (dj]- 
(Hint: AG =AH -T AS. 
When AH = + ve, AS = — ve then AG will be positive and the 
. reaction is non-spontaneous.] : 


7.28. STANDARD FREE ENERGY CHANGE 


Just like enthalpy and internal energies, we cannot determine 
absolute value of Gibbs free energy. The standard free energy 
change can be determined and ‘it-is defined as the free energy 
change for a process at 298 K and | atm pressure in which the 
reactants in their standard state are converted to products in 
their standard state. It is denoted as AG®: it can be related to 
standard enthalpy and entropy change in the following manner: 

, ~- AG°=AH°~T AS? 

Like that of AH, AG® can be calculated from the standard free 
energies of formation of the products and the reactants. 


AG° = 3G; (products )-— G; (reactants) 


Sumof standard free Sum of standard free 
=| energies of formation | —| energies of formation 
of products ‘| of reactants 


Le us consider a general reaction: 
‘ny A +1n,B —> nL + nM 
AG° = =Gy (products) — LG; (reactants) 


=[n3Gy(L) + ng Gr (M)}—[m Gp(A) + m Gy (B)] 
The standard free energy of formation (AG; 'y )may be defined as 
the free energy change when \mole of.a compound is formed from 
its‘constituent elements in their standard state. The standard free 


energy of formation of an element in its standard state is assumed 
to be zero. 


. Standard Gibbs Free Energy of 

~ Formation (kJ mol at 298 K): 
HCl _ 95. 27 C,H, een) 294 
HO | :~.i« 286 Bed 528.4 
H,0," * --103:3 “ BaCO,° 1139 
co 137.3 BaSO,— 1465 
CO, ~394.4 CaO ~ 604.2 
SO, -300.4 Ca(OH), - 896.6 
SO; -3704 CaCO, -1129 
NO, 51.84 °° cuO © -~127 
NO 104 Na€l 384.0 
NH, -166 = «KCI ~ 408.3 
O;. 0... 164 NHI -203.0 
NO 86.69 _ ALO, -1582.4 
‘CH, -50.79  Fe,O, -741.0 
C,H, (ethane) 229° , -318.2 


ZnO- 
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C,H, (propane) ~ 270 SiO, ~805 
C,Hjo (n-butane) 310 = PbO, -219 
C,H (iso-butane) 310 CHO 166.2 
C,H, (acetylene) 209.2 CH.OH 1748 
GH, (ethylene) 2194. CH -124.5 
CH, (propylene) 266.9  CH,COOH ~392 
Cos (1-butene) 307.4 


-Example 82. Will the reaction, 
1,(s)+ H;8(g)—> 2HI(g) + S(s) 
proceed spontaneously in the forward direction at 298 K, 
AG;HI(g)= 1.8kJ mol”, AGH, S(g)= 33.8kJ mol”! ? 
Solution: 


.AG° = ZG; (products ) _ G; (reactants ) 


=[2G;HI(g)+ G°S(s)]- [1x GPL, (s)+ G?H, S(g)] 
= [2x 1.8+.0]- [0+ 33.8] =—30:2kI 


—ve value shows that the process is spontaneous in forward 
direction. 


Example 83. Compute the standard free energy of the 
reaction at 27° C for the combustion of methane using the given 


- data: 
CH, (g)+ 20,(g)—> CO, (g)}+ 2H,0 (1) 
Species CH, O,-. CO, +: HO 
AH; /(kJ mol!) -748 — ~393.5 285.8 
S°”T KK mol) 186 205 214 70 


Solution: AH° = AH; (co, + 2AH} ip) — AH; CHa 
, = —393.5+ 2x (285.8) — (+74.8) 
= ~890kJ mol! 
AS°=S¢coy + Bap — Scuy — Sey 
= 214+2x70- 186-—2x 205 
=~242J]K' mol! 
AG? = AH? - TAS? . 
= — 890— 300 x (-242x (3 ) 
= ~8904+ 72.6 =-817.4kJ mol! 


‘7.29: RELATIONSHIP BETWEEN STANDARD 
FREE ENERGY CHANGE (AG°) AND 
EQUILIBRIUM CONSTANT 


For any reversible reaction, A + B == C + D, the free energy 
change and standard free energy change are related with each 
other by the following relation: 
AG=AG°+RT log. Q 
where, Ri is universal constant; 7 is temperature and Q is 


reaction quotient 


At a state, AG = Oand O=K,, 
“0S AG°4+RT oe X 


or AG° =-RT log, Keg 
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or AG® =—2.303RT log K., 

This equation helps in the calculation of K,, if AG° of the 
reaction is known and vice-versa. The value of K K,, can give an 
. idea about the extent a Da reaction m before the equilibrium 
is attained. - 

Alternatively, th, 
K =e SORT 

Equilibrium constant of unity implies that standard free 
energy change AG” is zero and that the positive values of AG° 
implies the equilibrium constant to be less than unit. 


1 
' 
' 
' 
' 
—ve te) +ve . 


Fig. 7.21 Variation of equilibrium constant against 
standard free energy change _ 


If we draw a graph of free energy against extent of reaction, 
we get U-shaped graph Fig. 7.22. 


(Reactant) R 
Pant 
2 
2 P (Product) 
o- 
2 
2 Equilibrium 
6 (minimum of the curve) 


Extent of reaction — 


Fig. 7.22 Plot of free energy against extent of reaction 


If the minimum in the curve lies closer to products, it means 
that reaction is in favour of products (K >>> 1). The reaction in 
this case will be closer to completion. On the other hand, if the 


(Reactant) 
R . 
8 BRL 
3} AP. 3 
5 (Feoduct) & i 
2 3 ‘Equilibrium 
rc cc ere, 


Extent of reaction — 


“Extent of reaction —»- 


Fig. 7.23 Prediction of extent of reaction by the plot of free ; 


energy egalest extent of reaction 


minimum in the curve lies closer to the reactants, the reaction 
favours reactants (K <<< 1). The reaction in this case will be - 
farthest from completion. (See. Fig. 7.23) 


Example 84, What is the ape constant K, for the 


following reaction at 400K? 


2NOCK g ) === 2NO(g) + Cl, (gz) 
AH? = 77.2 kJ and AS° =122J K7 at 400K. 


Solution: Sienna to Gibbs-Helmholtz equation, 
AG° = ~ TAS °- 
= 2-400 x 122x 1073 
=28.4 kJ =28.4x 103 J 
We know that, AG° = —2.303RT log K, 


=AG° 284x100 
log K, a a fs 
2.303RT 2.303 x 8.314x 400 
=~3.7081 


K, =antilog (—3.7081) = 1.958 x 10~ 


- Example 85. For the equilibrium, 
. PCI;(g) gee (g)+Cl,(g)at 25°C 
K, =1.8x107 
Calculate AG° for the reaction (R = 8.314J K7! mol”). 
Solution: We know that, 
AG° = =—2.303RT log K, 
= ~ 2.303 x 8.314 x 298 log (1.8x 10°7) 
= 38484 J mol™ = 38.484 kJ mol 
. Example 86. The equilibrium constant at 25°C for the 
process: . 
Co** (ag.) + 6NH;(aq.) === ae )61** (aq. ) 
is2x 107. 
Calculate the value of AG° at 25°C. (R= 8.314 K “mol ) 
In which direction, the reaction is spontaneous when the 
reactants and products are in standard state? — 
Solution: We know that, AG° = ~—2.303RT log K, 
Given, K, =2x 10’, T= 298K, R=8.314JK™ mol” 
Thus, from above equation, 
AG° = —2.303x 8.314 x 298 log 2x 10” 


= —120234J=—-12.023k) 
Example 87. The equilibrium constant for the reaction, 
COz(g)+ Hy(g) == CO(g) + H,O(g) at 298K 
is 73, Calculate the value of the standard free energy change 
(R=8314J K7 mol). 
Solution: We know that, AG° = —2.303RT log Ke° 23,5. 


Given, K, = 73,R= 8314 )K" mol” T= 298K 


~. From above equation, 
AG? =.~ 2.303 x8.314 x 298 log 73 
=—- 10.632 kJ 
- Example 88. For the water gas reaction, 
C(s) + H,0(g == CO(g) + Ha (g) 


468 


the standard Gibbs free energy of reaction (at 1000K ) is 
—8.1k//nol. Calculate its equilibrium constant. 
Solution: We know that, 
es oN 
K =antilog our | 
2.303RT 
AG®° =~8.1kJ/ mol 
R=8.314x 10° kKIK™ mot! 
T =1000K 
Substituting these values in eq. (i), we get 


Given that, 


K = antilog eh Gk -20 * 
2.303 x 8.314 x 107 x 1000 


K = 2.65 


Example 89. Calculate AG° for the conversion of oxygen 
to ozone, (3/2)0,(g) =—O;(g) at 298 K, if K, for this 
conversion is 2.47x 10. : - 


Solution: We know that, 
AG° = —2.303RT log K, 
= — 2,303 x 8.314 x 298 log 2.47 x 10° 


= 163228 J/ mol 
= 163.228 k)/ moi 


Example 90. Acetic acid CH,COOH can form a dimer 
(CH,COOH), in the gas phase. The dimer is held together by 
two H-bonds with a total strength of 66.5 kJ per mol of dimer 


O....H—O 
~, 
CH, —C” —_CH 
; O—H... We ; 


If at 25°C, the equilibrium constant for the dimerization is 
1.3 x 10°. Calculate AS° for the reaction: 
2CH;,COOH(g ) == (CH;COOH), (g) 


Selution: AG° = ~2.303 RT log K. 


= — 2,303 x 8.314 x 298 log (1.3 x 10° ) 
= -17767.688J =—17.767kJ 
AG° = AH® - TAS° 
-17.167 = - 66.5— 298 x AS° 


_ ~ 66.5 + 17.767 _ 
298 


AS° - 0.163 kJ 


LUSTRATIONS GF OBTECTIVE QUESTIONS 


48. What is AG° for this reaction? 
5Ni()+ 5H: (@)-—= NH, (2); Kp = 442x 10%at 25°C 


(a) - 26.5 kJ mol”! 
‘(c)-2.2kJ mol! . 
fAns. (@)] 


(b) — 11.5 kJ mol. 
(d) — 0.97 kJ mol! 


49. 


50. 


51. 


52. 


nA 
“ 
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[Hint: AG° =-2,303RT log K; 
= ~ 2.303 x 8.314 x 298 log (4.42 x 10%) 
=-26.5 kJ mol] 
What is the sign of AG®° and the value of K for an 


electrochemical cell for which £2, = 0.80 volt? 
AG° K 


(a) - >] 

(b) + >1 

{c) + <1 

(d) - <1 

[Ans. (a)] 

[Hint: AG° =-nFE°; AG° =—2.303RT log K] 


The free energy of formation of NO is 78 kJ mol”! at the 
temperature of an automobile engine (1000 K). What is the 
equilibrium constant for this reaction at 1000 K? 


5 Nz(g)+ 5 02 (¢)= NO) 


(a) 8.4.x 10% 
(c)4.2x 10°" 
[Ans. (a)] 


-AG? 
jHint: K = antilog Fesa 
2.303RT 


~78 x 1000 | 


(b) 7.1x 10? 
(d)1.7x 10° 


= antilog | ————_____—____ 
ela x 8.314 x 1000 


=8.4x10°) 
Equilibrium constant for the reaction: 
H,(g)+ 1, (g)== 2HIg) 
is K, = 5Qat 25°C. 


The standard Gibbs free energy change for the reaction will 
be: 


(a) — 6.964 kJ (b) - 9.694 kJ 
(c) = 4.964 kJ (d) — 6.496 kJ 
Ans. (b)] 

{Hint: AG° =-2.303RT log K, 


=~ 2,303 x 8.314 x 298 log 50 

= — 9694 J =—9.694 kJ] 
Standard Gibbs free energy change AG° for a reaction is 
zero. The value of the equilibrium constant will be: 
(a) 10 (b) 1 (c) 100 (d) 
[Ans. (b)] . | 
(Hint: AG° =—2.303RT log K 
When K = 1, AG° = 0] 
The standard free energy change of a reaction is 
AG® = — 115 kJ at 298 K. Calculate the equilibrium constant 
Kp in log Kp. (R = 8.314 JK™! mol”') 
(a).20.16 (b) 2.303 (c) 2.016 (d) 13.83 


(VITEEE 2008) 
[Ans. (a)] 
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-~AG? 

2.303 RT 

_ = (~115 x 1000) 
~ 2.303 x 8.314 x 298 
= 20.16] 


7.30 PHYSICAL SIGNIFICANCE OF GIBBS 
FREE ENERGY CHANGE (Free Energy 


(Hint: log Kp = 


and Useful Work) 
According to first law of thermodynamics, 
AE=q-w .» (i) 


(—ve sign as the work is done by system) 


Here, g is heat absorbed by.the system and w is the work done by 
the system while AE is the change in internal energy. The work 
(w) actually includes two types of work, i.¢., Wexpansion (or PAV) 
and W jon-expansion (useful work). The two types of works can be 
understood by taking an example of the electrolysis of water to 
form H,(g) and O,(g) leading to an increase in the volume of 
the system. The work non-expansion (non-mechanical) is done to 
cause the decomposition of water while the work expansion 
(mechanical) is due to expansion in volume of the system. Thus, 
the electrical work is called non-pressure-volume work or 
non-expansion work or non-mechanical work. The 
non-expansion work is also known as useful work. Thus, 


AE= | — Wexpansion ~ Wnon-expansion an (ii) 
=q-PAV- W non -expansion C Wexpansion = PAV) 
or g = AE + PAV + Won expansion wu (ii) 
We know that, 
AE+P AV = AH 
or gq = AH + Woon-expansion ... (iv) 


According to second law of thermodynamics, for a reversible 
change taking place at constant temperature, T 


A AY _ 4 rev, 
T 
or Grey, = T AS ,  ) 
Substituting in equation (iv) 
T AS = AH + Woon expansion w (Vi) 


or AH -T AS =-w 
or 


non -expansion 

(. AH -T AS = AG) 

or AG = Wyon-expansion = “ wefad woek .» (vil) 
Thus, the decrease in Gibbs free energy is a measure of useful 

work or non-expansion work done by the system. The greater the 

free energy change, the greater is the amount of work that can be 

obtained from the process. This relation is useful in assessing the 


electrical work that may be produced by electrochemical cells 
and fuel cells. . 


AG =- W non-expansion 


Free Energy Change and Electrical 
Work Done in a Cell 

Free energy change in electrochemical cells is related to the 
electrical work done in the ceil. 


AG and emf of the cell (£ ) are related by the following 
relation: 


AG=-nFE 
where, F = faraday = 96500 coulomb 
E =emf of the cell 


n = Number of moles of electrons involved in 
balanced electrochemical reaction 


If the reactants and products are in their standard states, then _ 


AG° =—nFE°® 
when E ° = standard emf of the cell. 
Example 91. The emf of the cell reaction, 


Zn(s)+ Cu* (ag. )—— Zn?* (aq. ) + Cu(s) 


is 1.1 V. Calculate free energy change for the reaction. If enthalpy 
of the reaction is - 216.7 kJ mol ™, calculate the entropy change 
for the reaction. 


Solution: -AG° =nx FX E° =2x 96500 1.1=212.3kI 


AG? =-212.3kJ mol! 
AG° = AH® -T AS° 
age = AHP - AG? _ - 216.7- (- 2123) 
i 298 
=-0.01476kJ K! mol! 


=-14.761K7™ mol? 


Example 92. Calculate equilibrium constant for the 
following reaction: 
Cu(s) + 2Ag* (aq. )<=== Cu** (aq. ) + 2Ag(s) 
At 25°C, Eo, = 047 volt, R=8.314J K mol", F= 96500 
coulomb. 


Solution: Let us apply Nernst equation at equilibrium 


Tt ABSOLUTE ENTROPIES AND THIRD - 
“LAW OF THERMODYNAMICS 


Third law of Thermodynamics was given by T.W. Richards, 
Walter Nernst and Max Planck. Some statements for third law of 
thermodynamics are given below: 

Statement-1. “Every substance has a finite positive entropy 
but at the absolute zero temperature the entropy may become zero 
and does so become in the case of perfectly crystalline solids.” 

; Because 

Statement-2. “Entropy of a solid or liquid PANE zero 

at the absolute zero of temperature.” 
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It can be mathematically expressed as 
oS lim S—>0 
T>0K 
Because 
‘Statement-3. “It is impossible by any method, no matter 


how idealised it is, to reduce the temperature of any system to the 
absolute zero in a finite number of operations.” 


Application of Third Law of Thermodynamics 

The third law of thermodynamics has been useful in 
calculating the absolute entropies of solids, liquids and gases at 
different temperatures. Moreover, this law. is also useful to 
. calculate entropy changes of a chemical or physical process. Let 
us calculate absolute entropy. 


as = 22 

mee 
dT 

“dS =Cp = 


On integrating the above equation between temperature limits of 
0 and T K, we get 


Sp-5,=[° Cp a 
or Sp-So=f CpdinT 
From third law of thermodynamics, Sy = 

Sp=[ CpdinT 


When entropy of one mole ofa substance is expressed at 298K 
and | atm pressure, it is called standard entropy of that 
substance. It is denoted by S °. The standard entropy change AS ° 
for a chemical reaction can be calculated as 


AS® = XS (Bcbedycte — 2S (cousin) 
_| Sumof the standard |_| Sumof the standard 
entropies of products entropies of reactants 


e.g.,in the reaction: 
C,H. (g) —> H2(g)+ C,H, (g) 


o |. ° 
AS® = 2S (products) ~ 2S (reactants) 


=[Sh, + Son, ]-[Scn,] 
Standard mieae entropies in J/K mol at 298 K 


Entropy i ¢ 


Solids Entropy ‘ Solids 
C(graphite) 5.7 N; 191.6 
C (diamond) 2.4 0, 205.1 
Fe 27.3 “CO, 213.7: 
Pb. . 64.8 | "NO, 240.1 
Cu . 33.1 N,O, 304.3 
AD 96.2 NH, 192.3 
FeO; ss BTA CH, . 186.2 


CuSO,-5H,0 300.4 | Hg 76.0 
Cj,H,,0,; (sucrose) . 360.8 H,0 69.9 
CaO 39.8 : C,H;0H 160.7 
CaCO, (calcite) 92.9 CoH, 173.3 
H, _____—«1:3 0.7 -CH,COOH _159.8 
Tephigrack 


Graph of entropy of a substance against temperature is galled 
tephigraph. In the following graph variation of entropy with 
temperature is represented: 


m.p. b.p. 
——» Temperature in K 
nt Fig. 7.24 


‘From the graph it is clear that entropy of a substance increases 
with increase in temperature; there is sudden change in entropy at 
the stage of phase transformation. 


Example 93. Calculate AG° for the following reaction: 
CO(g)+ G6) (g)—> CO, (g); AH° = — 282.84 kJ 


Given, 
Séo, =213.8J K ~ mol, Séoi) =197.9J K “| mol * 
So, =205.0J K ~* mol”. 


Solution: AS® = ZS (oseinds) 


— ES (reactants) 
° °o ] 9 

=[Sco, ]- [Sco + 3 So, ] 

= 213.8-[197.9+ ; 205] 


=- 86.6) K" 
According to Gibbs-Helmholtz equation, 
AG® = AH® -T AS° 
= — 282.84 — 298 x (- 86.6 10° ) 
= — 282.84 + 25.807 
= — 257.033 kJ» 
ee - Example 94. For the reaction; 
A(s) —> B(s)+C(s) 
calculate the entropy change at 298 K and | atm if absolute 
entropies (in JK~' mol™') are: 
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A = 130, B = 203,C =152 


Solution: AS° = XS (Grvidacts) -xS (essai 
=[S$ +Se]-[S9] 
= [203 + 152] — [130] 
=225)K7! 
7:32, CONVERSION OF HEAT INTO WORK— 
THE CARNOT CYCLE 


Carnot, a French engineer, in 1824, employed merely theoretical 
and an imaginary reversible cycle known as Carnot cycle to 
demonstrate the maximum convertibility of heat into work. 

The system consists of one mole of an ideal gas enclosed in a 
cylinder fitted with a piston which is subjected to a series of four 
successive operations. The four operations are: 

(i) Isothermal reversible expansion 

(ii) Adiabatic reversible expansion 

(iii) Isothermal reversible compression 

(iv) Adiabatic reversible compression 

The four operations have been shown in Fig. 7.25. 


Pressure ——~> 


(P3, V3) 
(P4, V4) jor". 


Volume —» 


Fig. 7.25 


First operation—Isothermal reversible expansion 


The gas is allowed to expand reversibly and isothermally at 
the temperature 7, through AB path. The-volume V, (point A) 
increases to volume V, (point B). In this operation, let the heat 
absorbed by the system be g. (+ve) and the work done by the 
system on the surroundings be w, (—ve). 

Since, the expansion is isothermal, AZ = 0. The heat absorbed, 
42, Should be equal to the work done by the system on the 
surroundings, i.e., 


V. 


é =-w, = RT) log, om a 
4 1 “ 


Second operation—Adiabatic reversible | 
expansion 


The gas is now allowed to expand reversibly and adiabatically 
through BC path. The volume increases from V, (point B) to 


Seapets 


volume V; (point C ). In this operation, no heat is absorbed and 
thus, the work, w,, is done by the system at the expense of 
internal energy, i.e., the temperature of the system falls from 
temperature T, to temperature 7,. 


AE =-w, =-C,(T, -T;) (ii) 


Third operation—Isothermal feversipie 
compression 


The gas at point C is subjected to reversible isothermal 
compression at temperature 7, . The path followed is CD when the 
volume decreases fromV, toV, {point D). In this operation work 
is done on the system and beat q, is gen out by the mem to 
surroundings. 


-4 7 = RT, log,.-4 Gil) 
. V3 
Fourth operation—Adiabatic reversible. 
compression 
Finally, the gas at point D is gabjocied to reversible adisbatis 


compression through the path DA at temperature 7, . The volume 
changes from V, to V,,i.e., the original volume is restored. The 


_ temperature increases from 7, to T, (original temperature).. The 


work done increases the internal energy of the system as g = 0. 
The net heat absorbed, g, by the ideal gas in the cycle is given 
by mf 


V. Vy, 
G= 42 + (-G, )=RT, log, 2 + RT, log, + 
es V; 


V. V 
= RT, log, -—RT, log, > ; we (¥ 
i ea Ly a 
According to the expression governing adiabatic changes, 
: et | 
2a, ' (For adiabatic expansion) 
LW, . 
Pear | 
fe “a (For adiabatic compression) 
T, Vs : hii ’ 
YM, 
or 73 
Vi OVs 


Substituting the value ir Vs in eq. (v), 
V, 


V, V, 
= RT, lo - RT, log, 
2 bey Ve 1 108 y, 


oe 
-T, log, es (29) 
: ° ¥, , 


9q=42 
_=R(T, 


Similarly, net work done by the gas is given by 


w=-W; — Wy + W3.t Wy 


472 
AF; } 
= RT, log, 2 ~Cy (T) - 7) 
V, 
Vs 
+ RT, log. 4 —Cy(T ~7) 
: 3 


V. V. 
= RT, log, - RT, log, = 
2 08. y, 1 O8e¢ V, 


V. V. 
= RT, log, — — RT, log, — 
2 OB. V, 1 g v, 


V. 
= R(T, -T, log, + 
Vv, 


es (vii) 


Thus, g = w. For cyclic process, the essential condition is that 
net work done is equal to heat absorbed. This condition is 
satisfied in a Carnot cycle. 


Calculation of thermodynamic efficiency of 
Carnot engine 


Total work done from eq. (vii), 


. y 
w= R(T, ~T, log, 
Vy, 
and the heat absorbed at temperature 7, from eq. (i), 


V. 
92 = RT, log, 3 
Yi, 


Dividing both equations, 
wi h-h 


= Thermodynamic efficiency 
92 T, 
Thus, the larger the temperature difference between high and 
low temperature reservoirs, the more the heat converted into 
work by the heat engine. 


Since, raat 


< 1, it follows that w < q.This means that only 
2 

a part of heat absorbed by the system at the higher temperature is 
transformed into work. The rest of the heat is given out to 
surroundings. The efficiency of the heat engine is always less 
than 1. This has led to the following enunciation of the second 
law of thermodynamics. 

It is impossible to convert heat into work without 
compensation. 
a ‘Example 95. Calculate the maximum efficiency of an 
engine operating between 100° C and 25°C. 
na 
T, 
T, = 100+ 273 = 373 K 
T, = 25+ 273 = 298K 


Solution: Efficiency = , 


Efficiency = 22 — 298 . 374 7 0:20= 20% 
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a, Example 96. Heat supplied to u Carnot engine is 453.6 © 
kcal. How much useful work can be done by the engine which 
works between 10°C and 100° C? 


Solution: T, = 100+ 273 = 373 K; 7, = 10+ 273 = 283K; 


> = 453.6 x 4.184 = 1897.86 kJ 


We know that, 
W= 42° aa : 
=1997.86 GB =289) 
= — 90 _ 457.9245 


IWISTRATIONS . OF OBJECTIVE, QUESTIO: 
54. For which of the following reactions, the entropy change will 
be positive? : [JEE (WB) 2008} 


(a) H,(g)+ 1, (¢) == 2HI(g) 
(b) HCl (g¢) + NH; (¢)—= NH,Cl (s) 
(c) NH,NO, (s) == N,O (g)+ 2H,0 (zg) 
(d) MgO(s) + H,(g) == Mg(s)+ H,0(/) 
(Ans. (c)} 
[Hint: An, = 3-0=3, 
Since An, >0, there will be increase in entropy change. } 
55. If an endothermic reaction occurs spontaneously at constant 
temperature T and pressure P then which of the following is 


true ? (VITEEE 2008) 
(aAG>O0 (b)AH <0 (C)AS>O (AS <0 
[Ans. (c)} 


Hint: AS= AS system t AS surroundings 
AS > 0 for spontaneous process. ] 

56. Which is the correct expression that relates changes of 
entropy with the change of pressure for an ideal gas at 
constant temperature, among the following ? 

[PET (MP) 2008} 


(@) AS = nRT In 2 (b) AS =T (P, - P,) 
2 . q Zi ; 


(c) AS = AR (3 


\*2 2 


(d) AS = 2.303 nRT In (2) 
(Ans. (c)] 
[Hint: From first law, AU = ¢- 
O=q-W 
g=W = Pav 
ds = 4 = Pav 
T T 


(for isothermal process) 


On integration, AS = n”R In (2) 
tae | 
eae . 
AS = nR In eal Since PV, = PV, according to Boyle’s law.] 
2 
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_ Example 1. Bond dissociation enthalpies of H,(g) and 
N,(g)are 436.0 kJ mol and 941.8 kJ mol and enthalpy of 
formation of NH,(g) is —46 kJ mol™'. What is enthalpy of 


atomization of NH,(g)? What is the average bond enthalpy of 
N—H bond? 


Solution: N,(g)+3H,(g)—— 2NH;(g); 


AH =—-—2~x 46kJ/ mol 
AH = (BE), — &(BE)p 
= (941.843 x 436) — (6x)=—2x 46 
(Here, x = BEof N— H bonds) 
x = 390.3kJ mol! 
NH, —> N+ 3(H) 
Heat of atomization = 3 x 390.3 = 1170.9 kJ mol! 


_. Example 2. Ethanol was oxidised to acetic acid in a 
catalyst chamber at 18°C. Calculate the rate of removal of heat 
to maintain the reaction chamber at 18°C with the feed rate of 30 
kg per hour ethanol along with excess oxygen to the system at 
18°C, given that a 42 mole per cent yield based on ethanol is 
obtained. Given that, 


AH; 7 0¢) = — 684 keal moi! 
AH ¢ 05H oH (1) =~ 66 kcal mol! 
AH ¢ cx ,coon @) = ~ 118 keal mol! 


Solution: C,H;OH+ O, ——> CH,COOH + H,O 


A= X(H, )p - XC Hy )p = (— 118- 68.4)— (— 66) = - 120.4 kcal 
Yield is 42%. Thus, energy produced per hour will be 


_ 120.4 x 42 x 30000 


= 3297913 kcal hour! 
100 x 46 


~ Example3. The standard heat of formation listed for 
gaseous NH, is —11.02 kcal/mol at 298 K. Given that at 298 K, 
the constant pressure heat capacities of gaseous N., H, and 
NH, are respectively 6.96, 6.89, 8.38 cal/mol. Determine 


AH 504 x and AH 473 x for the reaction, 


5N2(@)+ 3 Ha(g)—9 NHs(g) 


Solution: =Ne(g)+ ; H,(g)——> NH; (g) 


AF x98 x = 2(H; )p — L(y dz =(-11,02- 0) 
= —11.02 kcal mol™! 


_ MISCELLANEOUS NUMERICAL EXAMPLES, 


AH, -— AH, 2G; 
T, -T, ’ 
B= AMO) 558 E06 = 2 RE VHI107 
773 — 298 2 2 


AH, =~-13.6kcal mol 


' Example 4. The heat of combustion of glycogen is about 
476 kJ/mol of carbon. Assume that average rate of heat loss by 
an adult male is 150 watt. If we were to assume that all the heat 
comes from oxidation of glycogen, how many units of glycogen 
(1 mole carbon per unit) must be oxidised per day to provide for 
this heat loss? 


Solution: Total energy required in the day 
- _ 150x 24 x 60x 60 5 Gwat=tec") 
1000 
= 12960kJ 
12960 


Units of glycogen required = “6 = 27.22 units 


Example §. At 25°C, the following heat of formations are 
given: 

Compound 

AH; kJ/mol 


For the reactions at 25° C, 


2H,S(g)+ Fe(s) —> FeS ,(s) + 2H, (g); AH? = -137 kJ/mol 


SO, (g) 
-296.81 


H,0(1) 
-285.83 


H,S(g)+0, (g)—> H,0(1) + SO, (g); AH® = - 562 kJ/mol 


Calculate heat of formation of H,S(g)and FeS ,(s)at 25° C. 


Solution: Heat of formation of H,S =x kJ/mol 


Heat of formation of FeS, = y kJ/ mol 
2H,S(g) + Fe(s) —> FeS,(s)+ 2H,(g); AH° = —137kI/mol 
-137= y— 2 (i) 
H,S(g)+ ; O,(g) —> H,0() + SO, (g);AH® = - 562 kJ/mol 


—562 = — 285.83 — 296.81- x 
x =~ 20.64 kJ mol! 
From eg. (i), we get 
y= 2x - 137 = 2(— 20.64) — 137=—-178.28kJ mol”! 
AH ; 1,5 = 20.64 kJ/mol 
AH y pes, = —178 kJ/mol 


.. (ii) 


From eq. (ii), 


wv | 


. Example 6. The “heat of total cracking” of hydrocarbons 
AH rc is defined as AH at 298.15 K and 101.325 kPa for the 
process below: 


C,H» + (20-2) H,(g) —> nCH,(g) 


Given that, AH ro is ~ 65.2 kJ for CH, and — 87. 4 kJ for 
CH, calculate AH for 
CH 4(g)+ C3H3(g)—> 20,16 (g) 

AH xc of CH, =0 
CH, (g) + C3H(g) —> 2C,H¢(g) © 
AH = 2A ce (CrH, a= AH 7 (C3Hg ) 

= 2(- 65.2) (- 87.4)=~- 43k) 

“Example 7. A constant pressure calorimeter consists of an 
insulated beaker of mass 92 g made up of glass with heat 
capacity 0.75 J K “| gl. The beaker contains 100 mL of 1 M 
HCl at 22.6°C to which 100 mL of 1M NaOH at 23.4°C is added. 
The final temperature after the reaction is complete at 293°C. 


What is AH per mole for this neutralization reaction? Assume 


that the heat capacities of all solutions are equal to that of same 
volumes of water. 


Solution: 


Solution: Initial average temperature of the acid and base 


_ 22.64 23.4 _ 23.0°C 
Rise in temperature = (29.3 — 23.0)=6.3° C 
Total heat produced = (92 x 0.75 + 200 x 4.184) x 6.3 
= (905.8) x 6.3 = 5706.54 J 
_ 5706. 54 
00 


Enthalpy of neutralization = x 1000 x 1 


=~ 57065.4 J=—57kI 
> Example 8. C,H, + Cl, —>C>H,Cl, 
AH =-270.6kJ mol! K “'; AS =-139JK™ 
(i) Is the reaction favoured by entropy, enthalpy both or 
none? 
(ii) Find AG if T = 300K. [CBSE (Mains) 2005] 
Solution: (i) Since, AH =—ve, exothermic process and is 
favoured, i.e., it will be spontaneous. 
(ii) AG=AH-TAS 
= —270.6 x 1000— 300 x (-139) 
= — 228900] 
=~ 228.9 kJ 


- Example 9. Find bond 2g a S—S bond from the 
following data: 


CA 8 Cig: AH®. 7 27 147.2k mol"! 


CyHs—S—S—C,Hs, AHS =-201.9kJ mol” 


S(g); — AHS = 222.8kJ mol! 
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_ Solution: 
Hod. . HA 
= ee | | 
4C(s)+ 5H, + § —» H—C—C-—-S—C—C—H 
I il le 4 
H H H H 
H H H H 
| | | | 
4C(s)+ 5H, + 28 —~» H—C—C—-S— S—C—-C—-H 
| | = 
H H H H 


AH = X(BE), — X(BE) p 
(i) — 147.2 = Heat of atomization of 4C, 10H, 1S 
-BE of 10(C— H), 2(C— S$), 2(C— C) 
(ii) — 201.9= Heat of atomization of 4C, 10H, 28 ; 
—BE of 10(C— H), 2(C— 8), 2(C-—C),(S—S) 
Subtracting (i) from (ii), 
— 201.9+ 147.2 = Heat of atomization of 18 — BEof (S—S) 
= 222.8k] — BEof (S—-S) 
BEof (S—-8)=277.5kJ 
"Example 10. 4 natural gas may be assumed to be a 
mixture of methane and ethane only. On complete combustion of 
10 litre of gas at STP, the heat evolved was 474.6 kJ. Assuming 
AH compCH 4 (g) = — 894 kJ mol | and AH ym, CoH g= — 1500 KS. 
Calculate the percentage composition of the mixture by volume. 


Solution: . 
x litre —+> CH,; moleof CH, =x/22.4 
(10— x) litre ——> C,H,; mole of C,H, = (10 — x)/ 22.4 


x (10—x) 
Heat evolved = —— x 894 + ——--—_ 
22.4 22.4 


(10— x) 
4 


x 1500 


474,6=—— x 8944 x 1500 
22.4 : 


x= 0.745, %CHy = 74.5% 


Example 11. From the data at 25°C: 
Fe,03(8)+ 3C graphitey ——> 2Fe(s) + 3CO(g ); 
AH® = 492.6k//mol 
FeO(s)+ C (graphitey —> Fe(s) + CO(g ); AH® = 155.8 kJ/mol 
Cgrapnie) + O()—> CO;(g);  AH® =-393.51 kJ/mol 
CO(g)+ 502 (2) —>CO,(g); AH®° = —282.98kJ/mol 


Calculate standard heat of formation of FeO(s)and Fe,O,(s). 
Solution: 


Fe(s) + CO(g) ——> FeQ(s) + C(graphite) ; 
AH®? = — 158.88 kJ/mol 
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C(graphite) + O,(g) ——> CO, (g); 
AH® =~393.5 kI/mol 


, 1 
C02 (g) > COE) + | 92 (8); 
AH ° = 282.98 ki/mol 
On adding Fe(s) + ; O2(g) > FeO(s);_ AH = ~266.3 kV'mol 


Similarly we may calculate heat of formation of Fe,0;. 
Example 12. Calculate, the AH at 85° C for the reaction: . 
Fe,O;(s)+ 3H>(g)-——> 2Fe(s) + 3H,0(1) 
The data are: MH >, = — 33.29 kJ/mol and 
Substance Fe,0;(s) Fe(s) H,O(1) Hy (g) 
Cp JKmol 103.8 ~—-25.1 75.3 28.8 
- Solution: Fe,0; (s) + 3H, —> 2Fe + 3H,O 
ACp =(Cp )p — (Cp Dp 
= (2x 25.14 3x 75.3) — (103.84 3x 28.8) 
= 276.1-190.2= 85.9) 


AH, — AH 
aauie Miler, Y coe 
qT, ~T, 
AH gg — (—33.29) _ 85.9x 1073 
358 — 298 


AH 358 cm — 28.14 kJ/ mol 


- Example 13. The standard heats of formation at 298 K for 
CCl,(g), H,0(g), CO,(g) and HCK(z) are — 25.5,—57.8, 


— 94.land — 22.1 kcal mol“ respectively, calculate AH x for 


the reaction: . 
CCI, (g) + 2H,0(g) —2 CO, (g)+ 4HCI(g) 
[BCECE (Mains) 2005] 
Solution: 


AH veaction = = Heat of formation of products 
, - ~Z Heat of formation of reactants 
= LAH reo.) + 4 4A; xen] LAMY cory + 244; py] 
=[- 94.144 x (- 22.1)]-[- 25.5+ 2x (— 57.8) 
= ~ 41.4 kcal 


-. Example 14. Calculate Q,W,AE and AH for the 
- isothermal reversible expansion of | mole of an ideal gas from an 
initial pressure of 1.0 bar to a final pressure of 0.1 bar at a 
constant temperature of 273 K. (IIT 2000) 
Solution: In isothermal process as temperature remains 
constant both AE and AH are zero. 
- AE=0; AH=0. 
Applying first law of thermodynamics, 
AE=W+Q 
'0=W+Q 


| 475 
. {P, 
or =~ W =~ 2.303 aRT log | = 
: : 2 


=~ 2303 x 1x 8.314 x 273 log (4) 


= 5227.169J =5.227kJ 
“" Example 15. 4 sample of argon at 1 atm pressure and 


27°C expands reversibly and adiabatically from 1.25 dm’ to 2.50 


dm’. Calculate the enthalpy change in this process. C,,_, for 
argon is 12.48 K “| mol”. (ILT 2000) 
Solution: Number of moles of argon present in the sample 


= = ———__—__ = 0),05075 
RT 0.0821 x 300 
For adiabatic expansion, 
T, : Vy rob. 
1, VW 
300 jay 
or — =| — 
T, 1.25 
or T, =188.55K © 
Cp = Cy + R 
= 12.484 8.314 © 
= 20.794 JK mol 


AH =nxCp XAT 
= 0.05075 x 20.794 x (300 — 188.55) 
= 117.6) 
Example 16. Show that the reaction, 


CO(g)+ (3) O;(g) —> CO, (g) 


at 300 K is spontaneous and exothermic, when the standard 
entropy change is — 0.094 kJ mol "Kk"! The standard Gibb’s 


free energies of formation for CO. and CO are — 394.4 and 
~137.2kJ mol | respectively. (IIT 2000) 


Solution: The given reaction is, 


1 
CO(g)+ ($e. (g)—— CO, (g) 
AG® (for reaction) = Geo, — Geg — [F)ee, 


= — 394.4 - (—- 137.2)-0 
= — 257.2kJ mol! 
AG° = AH® — TAS® 
~ 257.2 = AH? — 298 x (0.094) 
or AH? = ~ 288.2 kJ 
AG° is — ve, hence the process is spontaneous, and AH ° is 

also —ve, hence the process is also exothermic. 
“¢° Example17. Diborane is a potential rocket fuel which 
undergoes combustion according to the reaction, 


476 | 


B,H6(g)+ 302 (g)— B03 (s)+ 3H,0(g) 
From the following data, calculate the enthalpy change for the 
combustion of diborane: 


2B(s) + (2 )o.12— 2,0, (s); (AH = -1273 kJ mol™)...(i) 


A(g)+ Bz (g) —> H,O()); (AH = — 286k mol | )... (ii) 


H,O(1) —> H,O(g);(AH = 44 kJ mol) ...(iii) 
2B(s) + 3H,(g)——> BH (g); (AH = 36k/ mol * )...(iv) 
(IIT 2000) 
Solution: The required equation, 
B,H,(g)+ 30, (g) > B,0;(s)+ 3H, O(g) 
can be obtained from 
eq. (i) + 3eq. (ii) + 3eq. (iii) — eq. (iv) 
=~— 1273 — 858+ 132 — 36 
=— 2035k3 mol”! 
ie.,Enthalpy of combustion of diborane is -2035 kJ mol”. 


Example 18. An insulated container contains | mole of a 
liquid, molar volume 100 mL at | bar. When liquid is steeply 
passed to 100 bar, volume decreases to 99 mL. Find AH and AU 
for the process. {IIT 2004 (Memory based)} 

Solution: From first law of thermodynamics: 


AU=qt+W 
AU =q+ PAU =0+ £100(99— 100)} 
= 100 bar mL 
AH = AU + (P,V, — PV, ) 
= 100+ (100 x 99 ~1x 100) 
= 9900 bar mL 
Example 19. Jn the following equilibrium: 
N0,(g) == 2N0,(g) 
when 5 mole of each are taken and temperature is kept at 298 K, 
the total pressure was found to be 20 bar. 
AG; N20, = 100kI 
AG; NO, = 50kJ 
(i) Find AG of the reaction at 298 K. 


(ii) Find the direction of the reaction. 
[IIT 2004 (Memory based)] 


‘Given: 


Solution: The reaction is: 
N, 0,4 (g)=—= 2NO, (g) 
Since, number of moles of both N,O, and NO, are same 
hence their partial pressure will also be same. 


-20 
PND, = PNO, “genom 


AG ection = 2AG; NO, = AG; N,O, 
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=2x 50-100=0 

We know that, AG = AG® — 2.303 RT log O 
= 0— 2.303 x 8.314 x 298 log 10 
=~57055 


Since, AG is negative hence reaction will be spontaneous in 
forward direction. 


Example 20. When \-pentyne (A) is treated with 4N 
alcoholic KOH at 178°C, it is slowly converted into an 
equilibrium mixture of 1.3 % of \-pentyne (A), 95.2% 2-pentyne 
(B) and 3.5% of 1,2-pentadiene (C). The equilibrium was 
maintained at 175°C. Calculate AG° for the following equilibria: 


B= A; AG =? 
B==C: AG) =? 


From the calculated value of AG; and AG} indicate the order of 
stability of (A), (B) and (C). Write a reasonable reaction 


_ mechanism showing all intermediates leading to (A), (B) and 


(C). (IIT 2001) 
Solution:Pentyne-| =— Pentyne-2 + |, 2-pentadiene 
(A) , (B) €) 
iy, 13 95.2 3.5 
a [BIC ] 295.2% 35. 56.31 
[A] 1.3 


BoA 


AG; =—2.303RT log Ky 


= — 2.303 x 8.314 x 448 log 0.013 
= 16178 J= 16.178 kI 


for BC 
[C]_ KeglA]  25631x 13 
2 = = eS 
[2] [BP (952) 


AG; = ~2.303RT log K, 


= — 2.303 x 8.314 x 448 log 0.037 
= 12282 J=12.282k) 
Stability will lie in the order 
B>C>A 
ss i Example 21. wo moles of a perfect gas undergo the 
Jollowing process: 
(a) A reversible isobaric expansion from (latm 20 L)to (latm 
40L). 
(5) A reversible isochoric change of state from (1atm 40 L) to 
(0.5 atm 40L). 
(c) A reversible isothermal compression from (0.5 atm 40 L)to 
(latm 20L). 


(1) Sketch with labels each of the process on the same P-V 
diagram. 
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(ii) Calculate the total work (W ) and the total heat change 
(q)} involved in the above process. 


(iit) What will be the value of AU, AH and AS for the overall 


LES (HIT 2002) 
olution: 


1 atm 


0.5 atm 


Pressure —> 


AB — Isobaric process 

BC — Isochoric process 

CA —> Isothermal compression 
Total work = Wy, + Wee + Wey 


=~PXx AV +0+ 2.303 nRT log (7 
L 


=-1x 20x101.34+0 
+ 2.303 x 2x 8.314xT log (2) . () 


PV =nRT (At A) 
1x 20=2x 0.0821xT. 
| ee 
2x 0.0821 
From eq. (1), 
Total work = — 2026 + 2.303 x 2x 8.314 x 121.8 log 2 
=~ 622.06J 
W = q =- 622.06] 
In cyclic process: 
AU = 0, AH = Oand AS =0 


121.8K © 


SUMMARY AND IMPORTANT POINTS TO REMEMBER 


et 


1. Thermodynamics: It is the branch of science which 
deals with all changes in energy or transfer of energy that 
accompany physical and chemical processes. It is not concerned 
with the total energy of body but only with energy changes taking 
place. The laws of thermodynamics apply only to matter in bulk, 
ie., to macroscopic system and not to individual atoms or 
molecules. 

2. Terms used in thermodynamics: 

(a) System, surroundings and boundary: A system is 
defined as a specified part of the universe which is under 


experimental investigation and the rest of the universe which can - 


interact with the system is surroundings. Anything which 
separates system and surroundings is called boundary. It may be 
real or imaginary, conductor or non-conductor. 
(b) Types of system: There are three types of system: 

(i) Isolated system is one which has no interaction with its 
surroundings. The boundary is sealed and insulated. Neither 
- matter nor energy can be exchanged with surroundings. 
(ii) Closed system is one which can exchange energy but not 
matter with surroundings. (iii) Open system is one which can 
exchange matter as well as energy with surroundings. A system is 
said to be homogeneous if it is made of one-phase only. A system 


is said to be heterogeneous when it consists of two or more - 


phases. 

(c) Thermodynamic properties: These are of two types: 
(i) Intensive properties are those which do not depend upon the 
quantity of matter present in the system such as pressure, 
temperature, specific heat, surface tension, viscosity, melting and 


¥ 


boiling points, etc. (ii) Extensive properties are those whose 
magnitude depends upon the quantity of matter present in ihe 
system such as volume, total energy, enthalpy, entropy, etc. 

(d) State variables: The fundamental properties which 
determine the state of the system are termed state variables. The 
change in state property depends only upon the initial and final 
states of the system, i.e., do not depend on the path followed. 
Pressure, volume, temperature, internal energy, enthalpy, entropy, 
force, energy and number of moles are the state variables. 

(e) Thermodynamic equilibrium: A system in which the 
fundamental properties do not undergo any change with time is 
said. to be in thermodynamic equilibrium. Actually the system 
should be in thermal equilibrium, mechanical equilibrium and 
chemical equilibrium. 

(f) Thermodynamic processes: When the system changes 
from one state to another, the operation is called a process. The 
various types of processes are: 

(i) Isothermal: Temperature remains fixed, ie., aT = 0. 
This is achieved by placing the system in a thermostat. 

(ii) Adiabatic: When no exchange of heat occurs between 
the system and surroundings, i.e., the system is thermally isolated 
(dq = 0). 

(iii) Isobaric: Pressure remains constant throughout the 
change, i.e.,dP=0. 

{iv) Isochoric: Volume remains constant throughout the 
change, i.e, dV =0. 
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(v) Cyclic: When a system undergoes a number of different 
processes and finally returns to initial state, dE = Oand dH = 0 

(vi) Reversible: A process which occurs infinitesimally 
slowly and at every small change it is virtually in a state of 
equilibrium. It takes infinite time. __ 

(vii) Irreversible: When the process goes from initial to 
final state in single step in finite time. All natural processes are 
irreversible. 

3. Nature of work and heat: Work is a mode of transfer 
of energy to or from a system with reference to surroundings. If 
an object is displaced through a distance. dx against a constant 
force F ,then the amount of work which has to be done is equal to 
: x dx. The mechanical work or pressure volume work is equal to 

Pt V2 ~V, Jor P x dV. The work done on the system increases 
its energy while work done by the system decreases its energy. 
On this basis, the work done has the sign convention. 

Work done by thesystem=-w . 
Work done on the system =+ w 

The unit of work is erg. It is very small. The bigger unit is 
joule or kilojoule. 

1 joule =107 ergs; 1kJ (kilojoule)=1000J3 

Heat is the quantity of energy which flows. between system 
and surroundings on account of temperature ‘difference. It is equal 


to mx s x At where mis the mass, s is the specific heat and At is - 


the temperature difference. The sign convention for heat is: 
Heat gained by system =+ q 
Heat lost by sysem=-~g 
The unit of heat is calorie (cal). Since, heat and work are 
etzelated the SI unit of heat is joule. 
1 joule = 0.2390 cal 
lcalorie = 4.184 J 
ty I kcal = 4.184 kJ 

Litre - atm = 101.3 J=-1.013 x 10° erg =24.206cal 


4, Internal energy: Sum of all forms of energy that a 
system possesses is termed internal energy. It is denoted by E-It is 
an extensive property. It is also a state property. 


E=E transtational + E rotational + E ~ Wibrational +E Goudie 
+E electronic Hiss 
“The internal energy of a particular system is a definite quantity 
but it is impossible to determine its exact value. It is a state 
function. In thermodynamics, one is concerned only with energy 
change which occurs when the system moves from one state to 


another, i.e. AE = E, — E;. AE is +ve if E , > E, and-negative if : 


E, <£,. AE does not depend on the path by which final state is 
achieved. For a cyclic process, AE =0.- 

5. First law of thermodynamics: Energy can neither be 
_ created nor destroyed but it can be converted from one form to 
another. 


The energy of the universe is constant. 
Total energy of an isolated system remains constant, though it 
may change from one form to another. 


When heat energy (q)is given to a system and work (w)is also 
done on it, its energy apie from E, to £. 


E,=E, +q+tw or £,-E,=q+tw or AE=q+w 
In case heat energy (q) is given to a system and work (w) is 
done by the system then 
_ AE=q+(-w)=q-w 
6. _Enthalpy or heat content: The quantity E+ Py is 


known as enthalpy or heat content. It is denoted by H. It 
represents the total energy stored in a system. 


AE=q-PV,-¥V,) or E,-E, = aE es 
or (E+ P,V,)~(E, + PV, = or Hy ~ Hy = 
or AH=q or AE+PAV=AH=gqp 
when V,=V,, ie, AV=0,AE = qy . 
ay + AnRT = qp in the case of gases 
where, An = total number of moles of products — total number 
- of moles of reactants 


7. Heat capacity: It is the quantity'of heat required to 


-taise the temperature of the system by one degree. 


Heat capacity “4 
eat Capacity = —— 
pacity ar 


In the case of gases; © 


. 0E 
C, (at constant volume) =| | _. 
ork i s ee (FF, 


= Molar heat capacity at constant volume 
and C’p (at constant pressure) = (=) ee 


. = Molar heat capacity at constant pressure 
Cp = Cy =R gf 4 
8. Isothermal expansion of an ideal gas:. The expansion 


in an ideal gas at constant temperature can be done reversibly or 
irreversibly. 


w= Work done by - in ievesible expansion 
=- 2.303nRT log 2 —2 =~2.303nRT log a 
Yi. P, 
ae Heat absorbed from ete . 
=-—w= 2. 303nRT log 2 = 
Y, 
| w= Work done by gas in irreversible expansion . 
=— Po V2 -V,) 


Maximum work is done in reversible isothermal expansion. In 


- _ isothermal process, AE =Oand AH = 0. 


Adiabatic expansion of an ideal gas: @ in the process is 


zero, hence AE = w. Work is done by the gas during expansion at 
the expense of internal energy. In expansion, AE decreases while 
in. compression AF increases. 


AE = w=Cy x AT 
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The value of AT depends upon the process whether carried 
reversibly or irreversibly. The following relationships are 
followed by an ideal gas under adiabatic conditions: 


PV * =constant 


ae 


9.. Joule-Thomson effect: . The phenomenon of producing 
lowering of temperature when a gas is made to expand 
adiabatically from a region of high pressure into a region of low 
pressure, is known as Joule-Thomson effect. This effect is 
observed below the inversion temperature of a gas. The inversion 
temperature of a gas depends upon the van der Waals’ constants 
of a gas. It is expressed in terms of van der Waals’ constants ‘a’ 
and ‘b’ as: 


10, Thermochemistry: It is concerned with heat changes 
accompanying physical and chemical transformations. It is also 
termed as chemical energetics. It is based on the first law of 
thermodynamics. If Z, and £, represent total energies associated 
with reactants and products respectively, three Cases may arise: 

Case I; £, = E,. Neither heat is evolved nor absorbed. Such 
reactions are very rare. 

Case Il: £, > £,. The difference (E, - 
evolved, i.e., heat is evolved. 

Case lll: £, < £,. The difference (E,- 
absorbed, i.e., heat is absorbed. 

11, Exothermic reactions: 
evolution of heat 


E, )of energy will be 
— E, )of energy will be 


Reactions which occur with 


AH =-ve 


FL products < 1 reactants» Le, 
Endothermic reactions: Reactions which occur with 
absorption of heat : 
A products 7 FT reactants» L.é., AH =+ve 
Sign conventions q AE AH 
Exothermic -) (-) O 
Endothermic (+) (+) (ep) 


12. Heat of reaction or enthalpy of reaction: The 
amount of heat evolved or absorbed when quantities of the 
substances indicated by chemical equation have completely 
reacted, it is represented as AH. 


Enthalpy of reaction = =H a ys aeeeereere 


products 


The factors which affect the magnitude of heat of reaction are : 

(i) Physical state of reactants and products, (ii) Allotropic 
forms of the elements (iii) Reaction carried at constant pressure 
or constant volume (AH = AE + AnRT) (iv) Enthalpy of solution 
(v) Temperature at which the reaction is carried out. 


13. Heat of formation or enthalpy of formation: It is the 
amount of heat evolved or absorbed when one gram mole of 
substance is directly obtained from its constituent elements. It is 
represented as AH ¢. 

If all the substances of the chemical reaction are in their 
standard states (i.e, at 25° Cor298K and one atmospheric 
pressure), the heat of reaction or formation is called standard heat 
of reaction or formation respectively. These are denoted as AH° 


or AH; respectively. The enthalpies of free elements at standard 


conditions are taken arbitrary as zero. 

The compounds which have positive enthalpies of formation 
are called endothermic compounds (less stable) and which have 
negative enthalpies of formation. are called exothermic 
compounds (stable). 

14. Heat of combustion or enthalpy of combustion: It is 
the amount of heat evolved when one mole of the substance is 
completely oxidised. It has a number of applications: 

(i) Determination of calorific values of foods and fuels. 

(ii) Enthalpy of formation can be determined by application 

of Hess’s law. 

(iii) Structural problems can be evaluated. 

15. Enthalpy of hydrogenation: The enthalpy change 
associated when one mole of an unsaturated organic compound is 
fully hydrogenated. 

16. Enthalpy of solution: The amount of heat evolved or 
absorbed when one mole of the substance is dissolved in excess 
of water so that further dilution does not bring any heat change. 

17. Enthalpy or heat of neutralisation: The amount of 
heat evolved when one gram equivalent of an acid is neutialised — 
by one gram equivalent of a base in dilute solution. Heat of 
neutralisation of a strong acid agaimst a strong base is always 
constant, i.e., 13.7 kcal or 57.1 kJ. It is due to common reaction 
between H * and OH ~ ions. The heat of formation of water from 
these ions is 13.7 kcal. 


Ht +OH —>H,0; =~ 13,7 kcal 


"In the case of weak acids and weak bases, the heat of 
neutralisation is always less than 13.7 kcal because some of the 
evolved heat energy is utilised in bringing about complete 
ionisation of acid or base in solution. 

18. Enthalpy of fusion: Heat absorbed in converting one 
mole of solid into liquid at its melting point. 

19, Enthalpy of vaporisation: Heat absorbed in 
converting one mole of a liquid into its vapours at its boiling 
point. 

Enthalpy of sublimation: Heat absorbed in converting one 
mole of solid directly into its vapour. 


20. Laws of thermochemistry: 


(i) Lavoisier and Laplace law: The heat which is required 
to break a compound into its elements is equal to the heat evolved 
during its formation from its elements. 


AH, decomposition = — AH f 
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(ii) Hess’s law (the law of constant heat summation): Ifa 
chemical reaction can be made to take place in a number of ways 
in one or in several steps, the total change is always the same, ie., 
heat change depends upon the initial and final stages only and 
independent of intermediate steps. The thermochemical 
equations can be added, subtracted or multiplied by a number to 
obtain a desired equation. 

21. Bond energy: The energy required to break one mole 
of bond of a particular type is termed bond dissociation energy. It 
depends upon the nature of bond and also the molecule in which 
the bond is present. The bond energies can be used for 
determining heats of reactions. 

[Heat of reaction = Sum of bond energies of reactanis 

— Sum of bond energies of products] 

The bond energies can also be used for determining resonance 
energy. 

Resonance energy = Observed heat of formation 

~— Calculated heat of formation 

22, Experimental determination of heat of 
reaction: The apparatus used is called calorimeter. Two of the 
common types of calorimeters are: (i) Water calorimeter (ii) 
Bomb-calorimeter. The principle of. measurement is that heat 
given out is equal to heat taken, i.e., : 


Q=(W+m)xsx(T,-T,) 
where, W” = Water equivalent of the calorimeter, = mass of the 
liquid, s=its sp. heat, 7, = final temperature and 7, = initial 
temperature. reer 
23. Spontaneous process: A process which proceeds of 
its cwr accord without any outside help is termed spontaneous 
process. Ali itatural processes proceed aponuerey and are 
thermodynaniically irreversible. 
Driving force: t is the force which makes the process to 
occur by itself. It is the resultant of two basic tendencies: 
(i) Tendency to attain a state of minimum energy. 
(ii) Tendency to attain a state of maximum randomness. 
The disorder or randomness in a system is measured in terms 
of a thermodynamic property known as entropy. The absolute 


value of entropy cannot be determined. The change in entropy is 
denoted by AS. 


AS = 4 reversible 
T 


where, g is the heat supplied at temperature 7. 

AS = + indicates increase in randomness whereas, AS = — 
indicates the decrease in randomness. 
AS = S ginay — 5 initial 

24, Freeenergy: Free energy change, AG, was introduced 
by Gibbs. The Gibbs-Helmholtz equation is: 


AG=AH-TAS  -or: G=H~-TS 
and AG = G products — 


G reactants 


where, G is known as free energy. This is the maximum energy 
available to a system during a process which can be converted 
into useful work. 

Negative value of AG- indicates that the process is 
Spontaneous. Zero value means that there is a state of 
equilibrium. 

25. Second law of disseinciiyntinies It is impossible to 
construct a machine that is able to convey heat by a cyclic process 
from a colder to a hotter body unless wou is done on the machine 
by some outside agency. 

Or : 

Work-can always be converted into heat but the conversion of 
heat into work does not take place under all conditions. 

26. Carnot: cycle: It - demonstrates the maximum 
convertibility of heat into work in a theoretical and an imaginary 
cycle. 


Thermodynamic efficiency = Lie = eels 
92 qT, 


The efficiency of a heat engine is always less than 1. 
_27, Third law of thermodynamics: The entropy of all 
pure crystals is zero at the absolute zero of temperature. 
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L. Matrix-Matching Problems (For HT Aspirants): [E] Match the reactions in Column-I with. relations of 
[A] Match the List-I with List-II: Column - II: 
List-I List- Column-I Column-II 
(a) AS yaem > 0 _(p) Spontaneous (Reaction) (Relation) 
(Isolated system) (a) H,(g)+ Cl,(g)— 2HCKg) = (p) AV = AU + RT 
2 2 g 
(b) AG <0 (q) Non-spontaneous . : : = : 
photochemical reaction (>) Nag )+ O,(g) 2NO(g) (@) AH = AU 
(Cc) AS rota = 0 (rt) Equilibrium (c) Ha(g)+ h(g) == 2Hg) =) AH = AU — 2RT 
(d} (AG)yp > 0 (s) Non-spontaneous (4) No(g) + 3H) (g ) == 2NH,(g) (8) Forward shift by 
[B] Match the Column-I with Column-I: ici shines 
Column-I Column-ll {F] Match the processes of Column- I with coneny or enthalpy 
(a) Isothermal process (p) W =2.303nRT log (4) eeeeemvom 
(reversible) P, Column-I Column-Il 
(b) Adiabatic process (q) PV‘ =constant (a) N,(g)+ O,(g)— 2NO(g) (p) AS = 0 
og y,) (b) 2KI(ag.) + Hel, (aq.) > (q) AS <0 
©) W=™(-T) (9) W =2.303nRT log Z K,[Hgl, aq.) 
- 1 
(d) Irreversible isothermal (s) W=-P.. (V2—-V,) Ae) POG) * Clg) 2 PCa) Ary Aa 0 
process (d) NH;(g)+ HCl(g)— NH,Cl(s} (s) AH <0 
[C] Match the physical properties ear with their relations : [G] Match the List-Fvith List-II: * 
in List-H: List-I List-II 
List-I List-II (Reaction) (Process) 
(Quantity) (Relation) 
(a) AG (p) —-nFE or — nFE° (a) C(s)+ — 028) ~ CO(g) (p) Combustion 
(b) AG? (q) AH-TAS (b) CO(g)+— Os (g)- ~» CO,(g) (q) . Neutralization 
(©) Wot Wax (1) -RT log, K 2 


: y (c) NaOH(ag.) + HCl(ag.) > (r) Process of 
(d) AS? (s) 2.303nR logio (7) NaCl(aq. )+ H,O formation 
| 


[D] Match the Column-I with Column-II: @) H(g)+- 5 0x8) H,O(/) (8) Reaction of apollo 


Column-I Column-Il fuel cell 
ce) pets a preperty) {H] Match the relations of Column-I with their names in 
(a) O, p) y=1. Column-II: 
4 Column-I Column-Il 
(b) N. (q) Cp =- = 
2 f. (a) was =ACp (p) Trouton equation 
(c) CO,,CH, w Br ree oe 
. (b) Ra Matec We AC, (q) Effect of temperature 
(d) i mol O, + 2 mol O, (s) y =1.33 T, -f, on the heat of 
Here: Cp = Heat capacity at constant pressure - reaction 
y=Cp/C, (c) isi = AS pacon (rt) Kirchhoff’s equation 
mp 
(d) lim, 50 (s) Third law of | 
~ 


thermodynamics 
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[1] Match the Column-f with Column-H: ; [J] Match the Column-I with Column-II : 
Column-I Column-II Column-I Column-il 

(a) Amount of heat required () Specific heat x molar Gip= embarks CepSeonmicous ae aI 
to raise the temperature mass IONS: 
of 1 mol substance by ~ Pp 
ine (b) AH =— ve, AS =+ ve (q) Non-spontaneous at all 

Sy temperature 

(b) Be ae (q) Heat capacity =C,Cp or (c) AH =+ve,AS =—ve — (r) Non-spontaneous at high 
AT AT V temperature 

(c) Heat evolved in the (r) Electron gain enthalpy , (d)AH =~ ve,AS =-ve  (s) Spontaneous at high 
combustion of 1 g ofa . temperature 

| substance 


&  (d) Heatevolved when an (s) Calorific value 
. extra electron is added to 

valence shell of an 

isolated gaseous atom 


1. [A] (a—p); (b—p, q); (C—1); (ds) [G] (a—p, 1); (b-—p); (c—q); (d—p, 5, s) 


[B] (a—p, r);.(o—9); (c—p; (d—s) : [H] (a—q, 1); (b—q, 1); (c—p); (d—s) 
[C] (a—p, q); (b—p, 1; (Cp); (d—s) [1] (@—p, 4); (b—p, q); (c—s); (d—1) 
[D] (a—p, q); (b—p, q); (c—s); (d—) [J] (a—s); (6>—p); (c—q); (dr) 


[E] (a—q); (>—4); (ep); (4-4, 8) 
[F] (a—p, 1); (b—4, 8); C—4, 1); (d—4, s) 


1. Write ‘yes’ if heat, work or matter are able to cross the from the state 4 — 8 (ii) Work done in taking the gas from 


boundary of the corresponding system and ‘no’ if passage is B —- C (iii) Work done in a complete cycle. (1 litre = 10° m’) 
forbidden: [Ans. (i) -60 x.10? J (ii) zero (iii) 36 x 10° J, ie. net work is 
Qpen’ -- Close —iIsolated~ Adtabatic Gone. by. the eae] A 
Property system system system system 4. A sample of a gas contracts 200 cm* by an average of 0.5 
SS atmosphere while 8.5 J heat flows out into the surroundings. 
Heat — Yes/No Yes/No Yes/No Yes/No What is the change in energy of the system? 
Work Yes/No Yes/No Yes/No __Yes/No , eas ape = ~ a J See 
os : ns. Energy of the system increases by 1. 
ye ve he — Ne mews ree 5. Calculate the pressure-volume work done by the system when 
2. Which of the following are state functions? the gas expands from 1.0 litre to 2.0 litre against a constant 
(i) O (ii) W Gil) QO + W (iv) QO ~ W (vy) Oy (vi) Op external pressure of 10 atmospheres. Express the answer in 
2 ...0 . AH ; calorie and joule. 
Oy a ea ee ORB ee [Ans. ~10 litre-atm, -242.2 cal, -1013.28 J] 
[Ans. : (iv), (v), (vi), (viii), (ix), (x).J 6 A sample of a gas ina cylinder contracts by 75 litre ata 
3. In the adjoining diagram, the P -V graph of an ideal gas is constant pressure of 5.0 atmosphere. How much work is done 
shown. Find out from the graph (i) Work done in taking the gas on the gas by the surroundings? 
[Ans., 37.5 litre-atm or 3801.75 J] 

f 7. Asample of a gas expands from 200 cm’ to 500cm’ against an 
ft 15) A B average pressure of 750 torr while 1.5 J heat flows into the 
= 121 system. What is the change in energy of the system? 

g 9 _ C litre-atm = 101.3 J) 

® glad (Ans. Energy of the system is decreased by 28.5 J; 
% DP) at AE = - 28.5] 

> ? 8. Calculate the work done when 65.38 g of zinc dissolves in 

0 “yo. 3 4567 hydrochloric acid in an open beaker at 300 K. (At. mass of © 
Zn = 65,38) 


V (litre) —> 


10. 


11. 


12. 


13. 


14, 


15. 


16. 


17. 


18. 


” (Hint: 
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[Ams. - 2494.2 J, i.e., work is done by the system] 

6 moles of an ideal gas expand isothermally and reversibly 
from a volume of 1 dm? to a volume of 10 dm? at 27°C. What 
is the maximum work done? Express your answer in joule. 
[Ams. - 34464.8 J, work is done by the system] 

1 mole of an ideal gas at 25° Cis allowed to expand reversibly 
at constant temperature from a volume of 10 litre to 20 litre. 
Calculate the work done by the gas in joule and calorie. 

[Ans. — 1717.46 J or —41 1 cal, i.e., work is done by the gas] 
Find the work done when 1 mole of the gas is expanded 
reversibly and isothermally from 5 atm to 1 atmat 25°C. 
[Ans. —3984 J] 


(Hint: Use w=-— 2.303 nRT log 1) 
2 
How much energy is absorbed by 10 moles of an ideal gas if it 
expands from an initial pressure of 8 atmosphere to 4 
atmosphere at a constant temperature of 27°C? 
(R = 8.31) mol! K7!) 
[Ans. 1.728 x 10* J] 
In isothermal process, AE = 0, 
so q cheat absorbed) = — w. Thus, gay the equation 


gq =2.303nRT log 4 1) 
; P, 
A given mass of a gas at 0°C is compressed reversibly and 
adiabatically to a pressure 20 times the initial value. Calculate 
cae 142 


the final temperature of the gas. 
[Ans. 7,=662.2K] 

ry (pyi* 
[Hint: Apply the formula [2 = (2 ] 

qT, P, 
3 moles of hydrogen are compressed isothermally and 
reversibly from 60 dm? to 20 dm’ and 8.22 kJ of work is done 
on it. Assuming ideal behaviour, calculate the temperature of 
the gas. 
[Ans. 300 K] 
To what pressure must a certain ideal gas (y = 1.4) at 373 K 
and 1 atmospheric pressure be compressed adiabatically in 
order to raise its temperature to 773 K? 
[Ans. 7.89 atm] 
1 mole of an ideal gas (C, = 12.55JK™! mol”) at 300 K is 
compressed adiabatically and reversibly to one-fourth of its 
original volume. What is the final temperature of the gas? 
[Ans. 752 K] 
Calculate g,w,AE and AH for the reversible isothermal 
expansion of 1 mole of ideal gas at 27° C from a volume of 10 
dm? to a volume of 20 dm’. 


[Ans. g=-w=1729 J] 


Calculate the internal energy change for the process in which 


1.0 kcal of heat is added to 1.2 litre of O, gas in a cylinder at 
constant pressure of 1.0 atm and the volume changes to 1.5 litre. 
[Ans. 0.993 kcal] 


19, 


20. 


21. 


22. 


23. 


24. 


25, 


26. 


27, 


483 


Calculate AE and AH when 10dm? of helium at NTP is heated 
in a cylinder to 100°C, assuming that the gas behaves ideally. 


(Cy =3/2R) 
[Ans. AF = 556.74 J 
AH = 927.9J] - 
[Hint AR =n-C,-AT and AH =n-Cp-AT 
oe ee aoe ree 20 ee x 8.314 x 100 
22.4 224 2 
= 556.74 : = 927.9 J] 


For the conversion of 1 mole. of SO,(g) into SO;(g) the 
enthalpy of reaction at constant volume, AF, at 298 K is 
—97.027 kJ. Calculate the enthalpy of reaction, AH, at constant 
akg 
[Ans, = — 98.267 kJ] 
[Hint: | Bae the reaction, 

$0,(g) + 5 Ox(g) —9 80,(g), An=1- 5 =~5] 
The heat liberated on complete combustion of 7.8 g benzene is 
327 kJ. This heat has been measured at constant volume and at 
27°C. Calculate the heat of combustion of benzene at 
constant pressure. (R = 8.3 JK™ mol” ) (IIT 1996) 


[Ans, —3273.7 kJ mol] 


.1 mole of naphthalene (C,)H, ) was burnt in oxygen gas at 


25°C at constant volume. The heat evolved was found to be 
5138.8 kJ. Calculate the heat of reaction at constant pressure. 
(R = 835K"! mol?) 
(Ans. 5143.8kJ] 


(Hint: Water is present in liquid state at 25° C and naphthalene 
in solid state. ] 


The enthalpy of formation of methane at constant pressure and 
300 K is —75.83 kJ. What will be the heat of formation at 
constant volume? (R = 8.33 K “! mol 7?) 
[Ans, —73.34 kJ] 
The heat change for the reaction, 
N2(g) + 3H, (g) —> 2NH3(g ) 
is — 92.2 kJ. Calculate the heat of formation of ammonia. 
[Ans, — 46.1 kJ mol] 
AH °® for the reaction, 
4S(s) + 60,(g) —> 4S03(g) 
is -1583.2 kJ. Calculate AH; p OF sulppur.t trioxide. 
[Ans. - 395.8 kJ] 
Calculate the heat change in the reaction, 
4NH;(g ) + 30,(g)——> 2N)(g) + 6H,O(/) 
at 298 K given that heats of formation at.298 K for NH3(g) 
and H,O(/ ) are — 46.0 and — 286.0 kJ mol! respectively. 
[Ans. AH° =~1532kJ] 
Calculate the heat of combustion of 1 sole of C,H,(g) to 


form CO, (g) and H,O(g) at 398 K and 1 atmosphere, given 
that the heats of formation of CO, (g), H,O(g) and C,H,(g) ~ 
are — 94.1, — 57.8 and + 12.5 kcal mol”! respectively. 
[Ans. - 316,3 kcal] 
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28. 


29. 


30. 


31. 


32. 


33. 


34, 


35. 
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The heats of combustion of CH,(g ) and C,H, (g ) are -890.3 
and — 1560 kJ mol” respectively. Which has higher calorific 
value? 

[Ans. Methane has higher calorific value.] 

The heat of combustion of butane is 2880 kJ mol”', What is 
the heat liberated by burning 1 kg of butane in excess of 
oxygen supply? 

[Ans. 49655 kJ] 

The heat of formation of CH,(g ), C,H, (g) and C,Hj(g ) are 
~ 74,8, -84.7 and ~ 126.1 kJ mol! respectively. Arrange them 
in order of their efficiency as fuel per gram. Heats of 
formation of CO,(g) and H,O(/) are — 393.5 and — 285.8 kJ 
mol! respectively. 

[Ans. CH, > C,H, > C,Hyo] 

[Hint: First determine heat of combustion in each case and then 
find the calorific value.] 


The heat of combustion .of. carbon to CO,(g) is 
~ 393.5 kJ mol. Calculate the heat released upon formation 
of 35.2 g of CO,(g) from carbon and oxygen gas. 

[Ans. ~ 315 kJ] 

Calculate AH (of C,H,,0,(s) from the following data: 


AH con Of CgH)206(8) =~ 2816 kJ mol, AH; of CO,(g) 
= — 393.5kJ mol”! and AH} (yo) = — 285.9 kJ mol". 


[Ans. -1260kJ mol] 

Calculate the amount of heat released when: 

(i) 100 mL of 0.2 M HCI solution is mixed with 50 mL oF 0.2 
M KOH. 


(ii) 200 mL of 0.1 7 H,SO, is mixed with 200 mL of 0.2 M 
KOH solution. 


[Ans. (i) 0.57kJ (ii) 2.18 kJ] 
When 100 mL each of HCl and NaOH solutions are mixed, 
5.71 kJ of heat was evolved. What is the molarity of two 
solutions? The heat of neutralisation of HCI is 57.1 kJ. 
[Ans. 1M] 
Determine the enthalpy of the reaction, 

C,Hg(g)+ Hy(g) —> C,He(g) + CH, (8) 


at 25°C, using the given heat of combustion values mider 
standard conditions. 


» Compound H,(g) CH,(g) C,H¢(g) C (graphite) 
AH? (kJ mol) -285.8 -890.0 -1560.0 ~393.5 
The standard heat of formation of C,H, (g)is — 103.8 kJ mol’. 


(EY 1492) 
[Ans, — 55.7 kJ] 

(Hint: H,(g)+ ; 0,(g) > H,O; (AH =-285.8kJ) _ ...{i) 
CH,{g) + 20,(g) ——> CO,(g) + 2H,0; .{Ii) 
(AH = — 890.0 kJ) 

C.H,(g) + ; 0,(g) —~ 2CO,(g) + 3H,0; (iii) 
: (AH = ~ 1569.0 kJ) 

C + O.(g) ——> CO,(g); (AH =-393.5k})_...(iv) 


3C + 4H, (g) —> C3Hg(g); (AH =~103.8ki) ...(v) 
Multiplying eq. (i) by 5 and eq. (iv) by 3 and adding both the 
-equations and subtracting eqs. (ii), (iii) and (v).] 
, 4 


36. 


37. 


38. 


39. 


41. 


42. 


’ [Ans. 


 [Ans. 
Calculate heat of formation of cane sugar from following data: 


he 
om 


The standard enthalpy of combustion at 25°C of hydrogen, 
cyclohexene (C,H,,) and cyclohexane (C,H), ) are - 241, 
~ 3800 and — 3920 kJ mol"! respectively. Calculate the heat of 
hydrogenation of cyclohexene. [ISM (Dhanbad) 1992] 


[Ans. ~121 kJ mol7'] 
[Hint: 
H,(g) + ; Ox(g) —> H,0(8); Ai) 


(AH =~241kJ mol”) 
CHio(g) + : 0,(g) —> 6CO,(g) + 5H,O(g); di) 
(AH = — 3800 kJ mol) 
CHj2(g) + 90,{g) —> 6CO,(g) + 6H,O(g); ..{iii) 
(AH = - 3920 kJ mol7?) 
Adding eqs. (i) and (ii} and subtracting eq. (iii), 
CeHio(s) + H,(g) —> C,H); 
AH = —241 — 3800 — (-3920) = ~121 kJ mol! ] 
From the following data of heats of combustion, find the heat 
of formation of CH,OH(/): 


CH,OH(1) + 5 0,(g) —> ©0,(g) + 2H,0(0) 


AH = ~726kI 
—- €(s)+ On(g)—> COj,(g); AH =~ 394 kT 
ee el H,O(/); AH = -286kJ 


; {BIT (Ranchi) 1991} 
[Ans. - 2401 ky mil 
Calculate the heat; of formation of methane, given that 
“heat of formation of water = — 286 kJ mol! 
heat, of combustion of methane = - 890 kJ mol 
_ heat of combustion of carbon = ~ 393.5 k} mol! 
. {ISI (Dhanbad) £993] 
~ 755 kJ.mol] 
Calculate the standard heat of formation of C,H, 
(naphthalene) if standard heat of combustion of naphthalene is 
~ 1231.0 kcal at 298 K and standard heat of formation of 
CO,(g) and H,O(/) are -94.0 keal and — 68.4 kcal 
respectively. 
[Ans. 17.4 kcal] 
The heat of combustion of liquid ethanol is — 327.0 kcal. 
Calculate the heat of formation of ethanol, given that the heats 


of formation of CO, (g ) and H,O(/) are — 94.0 kcal and — 68.4 
kcal respectively. 


—~ 66.2 kcal] 


* Hy(g)+ ; O,(g)-—> H,O(g); AH = - 68.4 kcal 


C(g) + O,(g) —> CO,(g); AH = - 944 kcal 
Cy2Hp20,, (s) + 120,(g ) —> 12CO,(g) + 11H, 0); 
AH = — 1350.0 kcal 
[Ans. — 535.2 keal] ; 
The heats of formation of C;H,(7), H,O(/) and CO,(g) are 


11.70, — 68.4 and ~ 94.0 kcal respectively. Calculate the heat 
of combustion of benzene (/). 


[Ans. -780.9 kcal] 
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(Hint: C.H,(/) + S 0,(g) ——> 6CO,(g) + 3H,O()); AH =? 


AH = 6x Arco, + 3X AMy io) — AH cig] 
43. Calculate the heat of hydrogenation of C,H, to C,H,. 


H,(g)+ . 0,(g) > H,O();_ AH = - 68.32 kcal | 


CH(g) + 2 0n(g) —> 2C03(g)+ HO); 


AH = —- 310.61 kcal 
C,H, (g ) + 30,(g) ——> 2CO,(g) + 2H,0(/); 
AH = — 337.32 kcal 
[Ans. — 41.61 kcal] 
44, Calculate the heat of hydrogenation, 
C,H,(g) + Hy(g) —> C,Hg(g) 

given that, the heat of combustion of ethylene, hydrogen and 
ethane are — 337.0, — 68.4 and — 373.0 kcal respectively. 
[Ans. ~32.4 kcal] 

45. Ifthe heat of formation of Al,O,;(s)and Cr,O,(s) are 1596 kJ 
and 1134 kJ (both exothermic) respectively. Calculate AH of 
the thermite reaction. 

Cr,03(s) + 2Al(s) ——> 2Cr(s) + Al,O;(s) 
[Ans. —462 kJ] 


46. Calculate the enthalpy of transition of rhombic sulphur to 
monoclinic sulphur from the following data: 


Scchombicy + O2(g )—> SO, (g); AH = -297.5kJ 
Scrsnndlitte) A 0, (g) = SO, (g ) AH = — 299.9 kJ 
(Ans. + 2.4 k]] 


47. Calculate AA for the reaction, 


H,(g)+ 402(g) —> H,O(g) 
given that bond energies of H—H and O= O bond and O—H 
bond are 433 kJ mol™!, 492 kJ mol”! and 464 kJ mol7!. 
[Ans. —249 kJ] 


48. Using the bond enthalpy data, calculate AH of the following 
reaction: 
2Cl,(g) + 2H,O(g) —> 4HCKg) + 0,(g) 
given that, bond energies of Cl—C1, H-—-Cl, O—-H and O=0O 
are 242.8, 431.8, 464 and 442 kJ mol”! respectively. 
[Ans. 172.4kJ mol7'] 
9. Calculate the enthalpy of the reaction, 


SnO,(s)+ 2H, (g) —> Sn(s)+ 2H,O(/) 


given that, enthalpy of formation of SnO,(s) and H,O(/) are 
~ 580.7kJ and ~ 285.8 kJ respectively. 
[Ans. 4+9.1kJ] 

50. Calculate the enthalpy change for the reaction, 


H,(g)+ Cl,(g) —> 2HCl(g) 


given that, bond energies of H—H, Cl—Cl and H—CI are 
436, 243 and 432 kJ mol. 
[Ans. —185 kJ mol] 


a 


31. 


§2. 


53. 


54, 


55. 


56. 


57. 


Use the bond energy data and calculate the enthalpy change 
for: : 
H 


| 
2C(g ) + 2H(g) + 2Cl(g ) —> H— C— Cl 
=. : 
Cl 
The bond energies of C—H and C—Cl are 413 and 328 kJ 
mol”! respectively. 
[Ans. -1482 kJ mol”! 


Calculate the heat of formation of ammonia from the 
following data: , 


N2(g) + 3H(g) —> 2NH;(g) 


The bond energies of N==N, H— Hand N— H bonds are 
226, 104 and 93 kcal respectively. 
[Ans. —10 kcal] 


Use the following bond dissociation energies to compute the 
C—H bond energy in methane: 


(i) CH,(g)—> CH,(g)+ H(g); AH =475kJ mol! 

(ii) CH,(g)——> CH,(g)+H(g); | AH = 470kJ mol"! 
(iii) CH,(g)—> CH(g) +H(g); AH = 416K) mol! 
(iv) CH(g)—>C(g) +H(g); AH =335kJ mol! 
[Ans. 424 kJ mol™'] . 
Calculate AH ; for chloride ion from the following data: 


: H,(g)+ : Cl,(g) —> HC\(g);_ AH = - 92.4.k} mol”! 


HC\(g) + nH,O ——> H*(aq.) + CY (aq); 
AH =— 74.8kJ mol”! 


fe] 
AH. (H * ag. 
[Hint: Required equation is ~ 


¥, Cl,(g) + nH,O —> Cl" (aq.), AH =? 


oe mat 
) = 0.0 kJ mol CPE 1992; 


Adding both equations. 
Y Hy(g) + % Clo(g) + nH,O ——> H’ (ag.) + CI (aq.); 
AH =-167.2 
¥, Hyg) — HB’ (aq); — AH =0 


So, % Cl,(g) + nH,O ——> Cl (ag.); AH =-167.2 kJ mol™'] 
The heat of ionisation of formic acid is 1.5 kJ/mol. 9.2 g 
formic acid on reaction with 7 g ammonium hydroxide gives 
10.8 kJ of heat. Calculate the heat of ionisation of ammonium 
hydroxide. (leal = 4.2 J) 
[Ans. 2.04 kJ/ mol] ; 
Assuming that 50% of the heat of useful, how many kg of 
water at 15°C can be heated to 95.0°C by burning 200 litre of 
methane measured at NTP? The heat of combustion of 
methane is 211 kcal mol. 
[Ans. 11.76 kg] 
The standard potential for the reaction, 

Ag‘ (aq.)+ Fe** (ag.) —> Fe** (ag.)+ Ag(s) 
is 0.028 V. What is the standard free energy change for this 
reaction? ; 
[Ans. — 2.702 kJ mol”! 
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. 60. 


61. 


62. 


65. 


66. 
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Calculate the theoretical maximum efficiency of a heat engine 


operating between 373 K. and 173 K. 
[Ans. 


0.536 or 53.6%] 
The standard free energy of formation in the gaseous state of 
methanol, dimethyl ether and water are — 38.7, — 27.3 and 
54.6 kcal respectively. Is the transformation of methanol to 
dimethyl ether and water in gaseous state possible? 

2CH,0H ——> CH,OCH, + H,O 
AG” for the transformation 


=z AG products) +m AG Geactants) 


= — ve (the transformation is.possible)] 
Ethanol boils at 78.4° C and standard enthalpy of vaporization 
of ethanol is 42.4 kJ mol. Calculate the entropy of 
vaporization of ethanol. 
[Ans. 120.93 K™' mol] 
The following data is known about the elie of KCI: 
AH =7.25kJ mol™ and AS = + 0. 0073 K! mot 


Calculate its melting point. 

[Ans, 1035.7 K] 

(Hint: At melting point AG = 0] 
For the reaction, 


atk i 
Ag,0 == 2Ag(s) + 3 0,(g) 


Calculate the temperature at which free energy change is zero. 
At a temperature lower than this, predict whether the forward 
or the reverse reaction will be favoured. Give reason. 


(AH = + 30.56kJ and AS = + 0.066 kI K™! 


[ Hint: 


mol! at one 
atmosphere) 
(Hint: Calculate 7 by applying the formula 


; AG = AH ~—TAS and AG = 0. 
Then find the value of AG at lower temperature than 7. The value of 
AG comes positive; hence, the reverse reaction will be favoured. At 


- temperature higher than 7’, the reaction is spontaneous. ] 
. Calculate the boiling point of the liquid if its entropy of 


vaporization is 110 JK~! mol! and the enthalpy of 
vaporization is 40.85 kJ mol”'. 
[Ans, 371.36 K] 
Using S° values, calculate the entropy of the reaction, 
1 
SO,(g)+ 5 0,(g)— 80;(g) 


The S° values for SO,,O, and SO; are 248.5, 205.0 and 256.2 
JKT mol. 


‘Ans. =-94.2)K'! mol "] 


(Hint: AS. #35, -z8 sana 


Calculate the entropy change for the following reaction: 
Cat0;(s) — CaO(s) + CO,(g) 


reaction products 


se 92.9 39.7 21363 K! mol! 
fAns, 16°42 6 | uot] 
Compute the va. -: of AS at 298 K for the reaction, 
H,(g)+ 40,(g)—> H,O(g ) 
given that, AG = ~ 228.6 kJ and AH = — 241.8 kJ. 
[Ans ~ 44.3 K7] 


67. An engine operating between 150°C and 25°C takes 500 J 


68. 


69. 


70. 


71. 


72 


73 


? 


heat from a high temperature reservoir, Assuming there is no 
frictional loss, calculate the work that can be done by the 
engine. 

[Ans. 148 J] 

At 300 K, the standard enthalpies of formation of 
C;H,COOH(s), CO,(g) and H,O(/) are —408 , -393 and -286 


kJ mol”! respectively. Calculate the heat of combustion of 
benzoic acid at (i) constant pressure and (ii) constant volume. 
(R = 8.313 mol!K™) (IIT 1995) 
[Ans, (i) AH =— 3201kJ mol’; 

(ii) AE =— 3199.75 kJ mol] 
For the reaction, 

Br, (/)+ Cl,(g) —> 2BrCl(g) 

AH = 29.37kJ mol and AS = 104JK7' mot!, Find the 


temperature above which the reaction would become 
spontaneous. 
fAns. - Above 282.4 K] 
For the synthesis of ammonia, 

N,(g) + 3H,(g) —> 2NH;(g) 
Calculate AH°, AS° and AG® at 300 K using the following 
data: 


Species N, H, NH, 
AH; /(kImol') 9 0 — 46.2 
S°/K! mol 7!) 191.5 130.6 192.5 


AH? =~92.4 kJ mol, 
AG® =—32.91kJ mol] 
How much heat is required to change 15.6 g of benzene from 
liquid into vapour at its boiling point of 80°C? Entropy of 
vaporization of benzene is 87 3K"! mol!. 
[Ans. 6142.2 J] 
Calculate the standard free energy change for the combustion 
of glucose at 298 K, using the given data. 
C;H,,.0, + 60, ——> 6CO, + 6H,O 

AH? = - 2820k} mol, AS° = 2103 K7 mot’. 
[Ans. AG° =~ 2882.58 kJ mol™'] 
The specific heat at constant volume for a gas is 0.075 cal/g 
and at constant pressure it is 0.125 cal/g. Calculate: 
(i) the molecular weight of gas, 
(ii) atomicity of gas. 


[Ans. AS® = -198.33 K7! mol"! 


(Hint: (i) Cp -Cy= < where, M = molecular weight of gas 
0.125 — 0.075 = ie 
M 
M = 39.74 = 40 
i Cc 
(ii) aay 
Cy 
eee = 1.66 
0.075 


1.66 value of y shows that the gas is monoatomic.] 
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74, The polymerisation of ethylene to linear polyethylene is 
represented by the reaction, : 
nCH, == CH, > ++ CH,— CH), 
where, » has a large integral value. Given that the average 
enthalpies of bond dissociation for C == Cand C—C at 298 K 
are +590and + 331kJ mol”! respectively, calculate the 
enthalpy of polymerisation per mole of ethylene at 298 K. 
(HT 1994) 


[Hint: CH, == CH, >» -- CH, — CH,4; 
There are equal number of C—H bonds on both sides but on 
reactant side there are nC =C bonds and on product side 
(2n + 1I)C— Cbonds. 
Enthalpy of polymerisation 

= MAH cag ~ 2n+ NAH co 

= 590n ~ (2n + 1331) 


= 590n — 662n [2n +.1— 2nas nis very large] 
=~ 72nkJ 
Enthalpy of polymerisation per mole 
I ye mol? ] 
h n 


75. An athlete is given 100 g of glucose (C;H),O,) of energy 
equivalent to 1560 kJ. He utilises 50% of this gained energy in 
the event. In order to avoid storage of energy in the body, 
calculate the mass of water he would need to perspire. The 
enthalpy of evaporation of water is 44 kJ mol”. 

1560 


(Hint: Unused energy = a ie 780 kJ 


Mass of water needed for perspiration = 18 x - = 318.96 g] 
76. Calculate the entropy of ideal mixing when 2 moles of N,, 3 
moles of H, and 2 moles of NH; are mixed at constant 
temperature, assuming no chemical reaction is occurring. 
[Ans, 62.80] K™] 
[ Hint: Use the relation, . 
AS =~R Zn; log, x; 
when n; = no. of moles of component 
x; = mole fraction of the component] 
77, Calculate free energy change for the reaction: 
H,(g) + Cl,(g)-» 2H— Cl(g) 
by using the bond energy and entropy data. 
Bond energies of H—H, Cl—C1 and H—CI bonds are 435 kJ 
mol~', 240 kJ mol! and 430 kJ mol”! respectively. Standard 


entropies of H), Cl, and HCI are 130.59, 222.95 and 186.68 


JK! mot respectively. 
[Ans. 190.9kJ] 
[Hint: AG° can be calculated by using: 
AG® = AH® —TAS® 
AH® == (BE) reactants -~2z (BE) products 
= 435 + 240-2 x 430 =-185kJ 
AS® =z Sas ~ZzS eile 
= 2 X 186.68 — 130.59 — 222.95 
=19.82J K! =19.82x 107 kJ Kt 
AG® = AH? - TAS° 
= ~185 — 298 x 19.82 x 107 = —190.9 kJ] 


78. For the reaction, 
4C (graphite) + 5H, (g) ——> aC, Hig(g); 
AH? = —124.73 kJ mol”! 
AS® = —365.8J K7 mol™ 
4C (graphite) +. 5H,(g ) —— iso-C,H,o(g ) 
AH® = —131.6kJ mol"! 


AS° = — 381.0793 K™! moi! 


Indicate whether normal butane can be spontaneously 
converted to iso-butane or not. 
[Ans. Yes, AG° =—2.32k]] 
[Hint: For C,Hjo, 
AG® = AH® — TAS° 
= —124.73 ~ 298(-365.8 X 10%) =~15.72 kJ 
For iso-butane (iso-C4H 9), 
AG® =-131.6 — 298(— 381.079 x 10°) 
=~18.04 kJ 
For conversion of nC4H jg ——> iso-CyHyg , 
AG® = — 18.04 — (-15.72) = ~2.32 kJ 
Negative value shows that the process is spontaneous. ] 


79, The temperature of a bomb calorimeter was found to rise by 


1.617 K, when a current of 3.20 amp was passed for 27 sec 
from a 12 V source. Calculate the calorimeter constant. 
[Hint; Energy absorbed by the calorimeter 

=FxrxV =3.2x 27x12 =1036.8 J 
Calorimeter constant (ms) can be calculated as, 

g=ms At 
1036.8 = ms X 1.617 
ms = 641.187 kJ] 

80. 1 mole of an ideal gas is allowed to expand isothermally at 
27°C until its volume is tripled. Calculate AS, and AS yi, 
under the following conditions: 

(a) the expansion is carried out reversibly. 
(b) the expansion is a free expansion. 
[Ams. (a) AS,,=9.135JK"' mol™ 
AS gure = — 9.135 JK mot 
AS niy = 9 
(b) ASypiv = AS yg = 9.135 JK! mol] 
[Hint: (a) In isothermal reversible process: 


AS - 


=: Frey 


T 


q=-W =2,303RT log 2 
1 


= 2.303 x 8.314 x 300 log 3 = 2740.6 J mol! 
_ Grey _ 2740.6 
wee ah 
AScur = AS sytem =—9-135 3 K™ mol 
ASuniy = 9 
(b) In case of free expansion: 


AS: 


= 9.1353 K7! mot! 


AS = 2.3038 log [%) =9.1353K! mol! 
: aa | . 
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ASyaiy = AS ys = 9.135 JK"! mol! 


AS sur = 0] 
81. One kilogram water at 0° C is brought into contact with a heat 
reservoir at 100°C. Find: 
(a) change in entropy when temperature reaches to 100°C. 
(b) what is the change in entropy of reservoir? 
(c) change in entropy of universe. 
(d) the nature of process. 


[Ans. (a) 312 cal K7', (b) -268.1 cal K7}, (c) 43.9 cal K7 
(d) spontaneous] 


[Hint: (@) AS =2.303nC,p log [2] 
. I 


= 2,303 x ne x 18 lo e(22)- 312 cal K 
18 273 


(Sea ceen ee 


Tvoit “TT! 
AO = ms At = 1000 x 1x 100 = 10° cal 
-10° = 
AS = —— = - 2681 cal K 
373 


(c) AS wriverse = 312 — 268.1 = 43.9 cal K™! 
(d) AS > 0, the process will be spontaneous.] 


82. A monoatomic ideal gas of two moles is taken through a cyclic 
process —. as A as shown in figure. The volume ratios 


are whe =2an nd 12. = 4. If the temperature 7, at A is 27°C. 
A A 


Calculate: 


Temp —> 


(a) the temperature of gas at B. 
(b) heat absorbed or evolved in each process. 
(c} total work done in cyclic process. 


{Hint: A -> Bz (It is isobaric process). 
Vals 
T, Ts 
T, =12x 7, =2x 300 = 600K 
V 
A 
Gag =nCp AT =2x2R AT 
=2x5x 2x 300 = 3000 cal 
' . € . (Isothermal process) 
AU =0 


83. 


84. 


85. 


86. 


. fAns, 
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Ve 


= 2.303 x 2x2 600 log = 


= 1,663 x 10° cal 


C -+D: (Isochoric process) 


dcp = nCy AT =2x ; x 2 (-300) = ~ 1800 cal 


D- A: (Isothermal process) 


dpa = 2.303nRT, log “4 
Vp 


= 2.303 x 2x 2x 300 log — 


= - 1.663 x 10° cal 
Total heat change = 3000 + 1.663 x 10° ~ 1800 - 1.663 x 10° 
= 1200 cal 
Work done = — 1200 cal] 
The reaction, SOCI, + H,O —— SO, + 2HCLis endothermic 
by 49.4 k} and exoergonic by 50.8 kJ. What is the factor that 


makes the reaction to be spontaneous? Calculate the entropy 
change at 298 K. 


[Ans. AS° = 0.3362 kJ K7'] 
[Hint: Exoergonic means AG® = — ve. 
AG°® =-50.8 kJ, 
AH® = 49.4 kJ 
Substitute these values in AG? = — TAS® to calculate entropy. 
AH° ~AG° — 49.4 —(-50.8) 
AS® = = 
T 298 
= 0.3362 kJ K™'] 


What amount of ice will remain when 52 g ice is added to 
100 g of water at 40°C? 

Specific heat of water is 1 cal/g and latent heat of fusion of ice 
is 80 cal/g. 


2 gice] 
[Hint: At the stage of thermal Sen at O°C, 
Heat lost by water = Heat absorbed by ice to melt. 
ms AT = mL 
100 x 1 x 40 = m x 80 
m=50¢ 
Remaining ice = 52 — 50 = 2 g] 
Calculate the AH, of C,H,,O,(s) from the following data: 


AB cont: [CgHi2O5(s)] = — 2816 kI/ mol 

AH, of CO,(g)= — 393.5 kJ/ mol 

AH; of H,O(2) = - 285.9 k}/ mol [BCECE 2006] 
[Ans. —1260 kJ/mol] 
A liquid freezes into solid (AH = — 500 J mot! yat 100 K and 


1 atm. Find the values of: 
(i) Gibbs free energy change 


(ii) entropy change. [CBSE (Mains) 2006] 
(Hint: Liquid = Solid 

(i) AG = 0, at equilibrium 

(i) AS = ~ aly 
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. For an ideal gas, the value of (=) is: 
T 


CHEMICAL THERMODYNAMICS AND THERMOCHEMISTRY 


Set-1: Questions with single correct answer 


- Thermodynamics is concerned with: 


(a) total energy of a system 

(b) energy changes in a system 

(c) rate of a chemical change 

(d) mass changes in nuclear reactions 

An isolated system is that system in which: 

_ [PET (MP) 1993} 

(a) there is no exchange of energy with the surroundings 

(b) there is exchange’ of mass and energy with the 
surroundings 

(c) there is no exchange of energy and mass with the 
surroundings . 

(d) there is exchange of mass with the surroundings 

Identify the intensive property from the following: 

(a) volume — (b) mass 

(c) enthalpy {d) temperature 


- Which one of the following is an extensive property? 


(Comed (Karnataka) 2008] 


(a) Enthalpy (b) Concentration 


(c) Density (d) Viscosity 

For an adiabatic process, which of the following relations is 
correct? (CPMT 1996) 
(a) AE=0 (b) PAV =0(c) g=0 (d) q=+w 


. Which one is true from the following for isobaric process ? 


[CET (Gujarat) 2008] 


(b) Ag = 0 
(d) AE =0 


(a) AP = 0 
(c) AH=0 


adv 
(a). positive (b) zero 
(c) negative (d) interchangeable 
A process, in which pressure remains constant, is called: 
(a) isochoric process (b) isothermal process 
(c) adiabatic process (d) isobaric process 


[PET (MP) 1993] 


. Aprocess in which volume remains constant, is called: 


(a) isochoric process 
(c) adiabatic process 


(b) isothermal process 
(d) isobaric process 


. For acyclic process, the condition is: 


(a) AE=90 
(c) AE > Oand AH > 0 


(b) AH =0 
(d) both AE = Oand AH = 0 


. Which one of the following is a state property? 


(a) Heat (b) Work 

(c) Internal energy (d) Potential energy 

Internal energy of a system of molecules is determined by taking 
into consideration its: 

(a) kinetic energy 

(b) vibrational energy 

(c) rotational energy : 

(d) all kinds of energies present in the molecules 


OBJECTIVE QUESTIONS 
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A thermodynamic quantity is that: 
(a) which is used in thermochemistry 
(b) which obeys all laws of thermodynamics 
(c) quantity whose value depends only upon the state of the 
system . 
(d) quantity which is. used in measuring thermal change 
Thermodynamic equilibrium involves: [CET (Pb.) 1991 
(a) chemical equilibrium (b) thermal equilibrium 
(c) mechanical equilibrium (d) all the three 
For the reaction of one mole zinc dust with one mole sulphuric 
acid in a bomb calorimeter, AU and w correspond to: 
_ (ATMS 2685) 
(a) AU<0,w=0 (b) AU <0,w<0 
(c) AU>0,w=0 (d) AU>0,w>0 
[Hint: In bomb calorimeter, w = 0, AU = g(—ve)] 
A system is provided with 50 joules of heat and the work done 
on the system is 10 joules. What is the change in internal 
energy of the system in joules? [EAMCET (Engg.) 2010] 
(a) 60 (b) 40 (c) 50 (d) 10 
During an isothermal expansion of an ideal gas, its: 
(CBSE 1991) 
(a) internal energy increases 
(b) enthalpy decreases 
{c) enthalpy remains unaffected 
(d) enthalpy reduces to zero 
The work done in ergs for a reversible expansion of one mole 
of an ideal gas from a volume of 10 litre to 20 litre at 25° Cis: 
[CMC (Vellore) 1994] 


(a) 2.303 x 8.31 x 107 x 298 log 2 


(b) 2.303 x 0.0821 x 298 log 2 . 

(c) 2.303 x 0.0821 x 298 log 0.5 

(d) 2.303 x 2x 298 log 2 - 

When an ideal gas is compressed adiabatically and reversibly, 
the final temperature is: 

{a) higher than the initial temperature 

(b) lower than the initial temperature 

(c) the same as initial temperature 

(d) dependent upon the rate of compression 

Adiabatic reversible expansion of a gas is represented by: 


ny ee Ry(py 
G =. in) Tle, 

T. Y P. yo-l 
(c) (Fi) -(2) (d) all are correct 


Total energy change for a reversible isothermal cycle is: 

{a) always positive (b) zero 

(c) always negative (d) always 100 kJ per degree 
“Heat energy cannot be completely transformed into work 


without producing some change somewhere”, is the statement 
of: 
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(a) Hess’s law 

(b) first law of thermodynamics 

(c) Kirchhoff’s law 

(d) second law of thermodynamics 

The heat content of the system is called: 

(a) internal energy (b) enthalpy 

(c) free energy ({d) entropy 

If one mole of ammonia and one mole of hydrogen chloride 
are mixed in a closed container to form ammonium chloride 
gas, then : (KCET 2008) 
(a) AH < AU 

(b) AH > AU 

(c) AW = AU 

(d) there is no relationship between AH and AU 

An exothermic reaction is one in which the reacting 
substances: 

(a). have same energy as products 

(b) have less energy than the products 

(c) have more energy than the products 

(d) are at higher temperature than the products 

In endothermic reactions, the reactants: 

(a) have more energy than products 

(b) have as much energy as the products 

(c) are at lower temperature than products 

(d) have less energy than the products 

Identify the reaction in which the heat liberated corresponds to 
the heat of formation (AH): (EAMCET 26006) 
(a) C (diamond) + 0,(g) > CO,(g) + heat 

(b) 2H, (g) + O,(g ) — 2H,O(g ) + heat 

(c) C (diamond) + 2H,(g) > CH,(g) + heat 

(d) S Ghombic) + O,(g)-—> SO,(g) + heat 

In an exothermic reaction, AH is: 

(a) positive (b) negative 

(c) zero (d) may be positive or negative 
Evaporation of water is: 

(a) a process in which neither heat is evolved nor absorbed 
(b) a process accompanied by chemical reaction 

(c) an exothermic change 

(d) an endothermic change 

An endothermic reaction is one in which: 

(a) heat is converted into electricity 

(b) heat is absorbed 

(c) heat is evolved 

(d) heat changes to mechanical work 

If total enthalpy of reactants and products is Hp and Hp 
respectively, then for exothermic reaction: 

(a) Hp =Hp (b) Hy < Hp 

(c) Hp >Hp (d) Hp, - Hp =0 

Calculate the work done when 1 mol of an ideal gas is 
compressed reversibly from 1 bar to 4 bar at a constant 


temperature of 300 K : (DPMT 2009) 
(a) 4.01 k] {b) -8.02 kJ 
(c) 18.02 kF (d) —14.01 kt 


[Hint : w = 2.303 nar og 
: i 


= 2.303 X1x 8314 x 300108 
= 3458.3 J = 3.458 kIT] 
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PHYSICAL CHEMISTRY FOR COMPETITIONS 


Under which of the following conditions is the relation, 
AH = AE + P AV valid for a closed system? 

(a) Constant pressure 

(b) Constant temperature 

(c) Constant temperature and pressure 

(d) Constant temperature, pressure and composition 
Which of the following is an endothermic reaction? 

(a) 2H, (g)+ 0,(g)——> 2H,0(/) 

(b) Na(g)+ O.(g) —> 2NO(g ) 

(c) NaOH(ag.) + HCl( ag.) ——> NaCl(ag.)+ H,O(/) 
(d) C,H;OH(aq.) + 302(g ) — 2CO,(g ) + 3H,0(/) 


Which of the following reactions is endothermic?- 
{a) CaCO;(s) ——> CaO(s) + CO, (g) 
(b) Fe(s) + S(s) —> FeS(s) 
(c) NaOH(ag.) + HCl(ag.) —> NaCl(aq.)+ H,OU/) 
(d) CH,(g) + 20,(g) —> CO, (g)+ 2H,0(2) 
The formation of water from H,{g) and O,(g) is an 
exothermic process because: , ‘ 
(a) the chemical energy of H, (g ) and O, (g )is more than that 
_ of water 
(b) the chemical energy of H,(g) and O,(g)is less than that 
of water 
(c) the temperature of H,(g )and O,(g ) is higher than that of 
water 
(d) the temperature of H,(g ) and O,(g) is lower than that of 
water : 
Which one of the following reactions is an exothermic 
reaction? 
(a) CaCO;(s) —— CaO(s) + CO, (gz) 
(b) Na(g) + O,(g) —> 2NO(g) 
(c) 2HgO(s) —> 2Hg(s) + 0,(g) 
id) C(s) + O,(g) —> CO, (g) 
Which one of the following is not applicable for a 
thermochemical equation? 
(a) It tells about physical state of reactants and products 
(b) It tells whether the reaction is spontaneous 
(c) It tells whether the reaction is exothermic or endothermic 
(d) It tells about the allotropic form (if any) of the reactants 
The enthalpies of all elements in their standard state at 25°C 
and one atmospheric pressure are: 
{a) same (b) always positive 
(c) always negative (d) zero 
The heat of reaction does not depend upon: 
(a) physical state of the reactants and products 
(b) whether the reaction has been carried at constant pressure 
or constant volume 
(c) the manner by which the reaction has been carried 
(d) the temperature at which the reaction has been carried 
The value of AH ~ AU for the following reaction at 27°C will 
be: 
2NH;3(g ) —> N3(g) + 3H, (g) 
[AMU (Medical) 2007] 
(b) 8314 x 300 x (- 2) 
(d) 8.314 x 300x 2 


(a) 8.314 x 273 x (- 2) 
(c) 8314 x 273 x 2 
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CHEMICAL THERMODYNAMICS AND THERMOCHEMISTRY 


Since, the enthalpy of the elements in their standard states is 
taken to be zero, the heat of formation (AH , ) of compounds: 
(a) is always negative (b) is always positive 

(c) is zero | (d) may be positive or negative 
The difference between heats of reaction at constant pressure 
and constant volume for the reaction, 

2CH, (/) + 150, (g) —> 12CO,(g) + 6H,O(/) at 25° Cin 
kJ is: (HT 1991) 
(a) +7.43 (b) +3.72 (c) —7.43 (d) -3.72 

For a gaseous reaction, A (g)+ 3B (g) > 3C (g)+ 3D (g), 
AE is 17 kcal at 27°C. Assuming R = 2 cal K7! mol”, the 
value of AH for the above reaction is: 

(a) 15.8 kcal (b) 18.2 kcal 

(c) 20.0 kcal (d) 16.4 kcal 

Which of the following statements is correct for the reaction, 


CO(g )+ : 0,(g) —> CO, (g ) at constant temperature and 


pressure? 

(a) AH =AE (b) AH < AE 

(c) AH > AE (d) None of these 

For.the reaction, Ag ,O(s) ——> 2Ag(s) + ; O,;(g ) which one 
of the following is true? 

(a) AH = AE (b) AH < AE 

(c) AH > AE (d) AH => AE 


Thermochemistry is the study of relationship between heat 
energy and: 

(a) chemical energy (b) activation energy 

(c) friction energy (d) none of these 

Assume each reaction is carried out in an open container. For 
which reaction will AH = AU? [CBSE (Med.) 2006] 
(a) H,(g) + Bn (g¢) —> 2HBr(g) 

(b) C(s) + 2H,O(g) —> 2H, (g) + CO,(g) 

(c) PCI5(g) > PCI; (g) + Ch(g) 

(d) 2CO(g) + O.(g ) —> 2C0,(g) 

The enthalpy change in the reaction, 2CO + O, —— 2CO, is 
termed as: 

(a) enthalpy of reaction 
(c) enthalpy of formation 


(b) enthalpy of fusion 
(d) enthalpy of combustion 


Reaction, H,(g)+ L(g )— 2HI, AH = 12.40 kcal 
According to this, heat of formation of HI will be: 

[PET (MP) 1990] 
(b) -12.4 kcal 
(d) 6.20 kcal 


(a) 12.40 kcal 
(c) — 620 kcal 
For the reactions, 
(i) Hy(g)+ Ch(g) = 2HCK(g) +x kJ 
Gi) Hy(g) + Cl,(g)=2HCIG) + » kJ 
which one of the following statements is correct? 
{PET (MP) 2007] 
(a) x> y (b)x<y (ce) x-y=0 @) x=y 
For the reactions, : 
(i) Hy (g)+ Cl(g)=2HCK(g) + x kJ 
(i) 2HCKg)=H,(g) + Cly(g)- y kd 
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which one of the following statements is correct? 
(a) x- y>0 (b) x- y< 0 
(c) x- y=0 (d) None of these 
According to the equation, 

15 
CeHe(/) + he (g)——> 6CO,(g) + 3H,O(/); 


AH =— 3264.4 kJ mol”! 


"the energy evolved when 7.8 g benzene is burnt in air will be: 


[PET (MP) 1990] 
(a) 163.22 kJ (b) 32.64kJ (c) 3.264kJ (d) 326.4kJ 


. AH poy» AH (yy, AHS (py and AH Tr (S) denote the enthalpies of 


formation of x, y, R and S respectively. The enthalpy of the 
reaction, x + y-—> R+S is given by: 

(@) AH, @ + AH; (yy 

(b) AH; (a + AM 5) 

(c) AH yi + AHy yy ~ AHy py — AHy (s) 

(d) AH (ay + AMy (sy ~ AAy wy — AHy yy 

The enthalpy change for the reaction, 

C,H,(g)+ 30,(g) —— 2C0,(g)+ 2H,O(g ) is called: 

(a) enthalpy of formation (b) enthalpy of combustion 


‘(c) enthalpy of vaporisation (d) enthalpy of sublimation 
. The heat of combustion of methane is -880 kJ mol”. If 3.2 g 


of methane is burnt ........... of heat is evolved. 
(a) 88 kJ (b) 264k] (c) 176k) Sd) 440 KI 
The enthalpy change for the reaction, 

2C (graphitey + 3H2(g¢) —> CzH,(g) 
is called: 
(a) enthalpy of formation (b) enthalpy of combustion 
(c) enthalpy of hydrogenation (d) enthalpy of vaporisation 
The enthalpy of formation of water from hydrogen and 
oxygen is — 286.0 kJ mol”!. The enthalpy of decomposition of 
water into hydrogen and oxygen is ...... kJ mol: 
(a) -286.0 (b) ~ 143.0 (c) 286.0 (d) 143.0 
The heat of combustion of Cygraphitey 18 -393.5 kJ mol”, The 
heat of formation of CO, from graphite is ..... kJ mol: 
(a) 393.5 (b) -393.5 (c) -787.0 — (d)_ 787.0 
The enthalpies of formation of organic compounds are 
conveniently determined from their: 
(a) boiling points 
(b) melting points 
(c) enthalpies of neutralization 
(d) enthalpies of combustion 
AH combustion of a compound is always: 
(a) positive (b) negative (c) zero (d) uncertain 
The apparatus used for measuring the heat changes of a 
reaction is called: 
(a) a thermometer 
(c) a calorimeter 


(b) a colorimeter 
(d) none of these 


. The heat of neutralization of any strong acid and strong base is 


always constant and AH = — 57.3 kJ. This is because: _ 
. [Comed (Karnataka) 2008] 
(a) both the acid and base undergo complete ionization. 
(b) during neutralization, salt and water are formed. 
(c) 1 mole of water is formed from H* and OH™ ions. 
(d) the reaction is exothermic. 
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The enthalpy of neutralization of oxalic acid by a strong base 
is -25.4-k cal mol”!. The enthalpy of neutralization of strong 
acid and strong base is —13.7 kcal eq™'. The enthalpy of 
dissociation of oxalic acid is: (DPMT 2009) 
(a) 1 keal mol (b) 2 kcal mot! 
(c) 18.55 kcal mol! (d) 11.7 keal mol! 
[Hint : Oxalic acid is dibasic acid hence expected heat of 
neutralization will be (2 x -13.7 kcal). 
The dissociation energy of oxalic acid = 2 x 13.7 —25.4 
= 2 kcal mol”'} 

The amount of heat liberated when one mole of NH,OH reacts 
with one mole of HC1 is: GIT 1990) 
(a) 13.7 kcal (b) more than 13.7 kcal 
(c) less than 13.67 kcal (d) cannot be predicted 
Heat of neutralisation for the reaction, 

NaOH + HCl ——» NaCl + H,O 
is 57.1 kJ mol”! . The heat released when 0.25 mole of NaOH is 
titrated against 0.25 mole of HCI will be: 
(a) 22.5 kJ (b) 57.1 kJ 
(c) 28.6kJ (d) 14.3 kJ 
If H’ + OH” =H,O+13.7 kcal, then heat of complete 
neutralisation of one gram mole of H,SO, with strong base 
will be: [PMT (MP) 1990] 
(a) 13.7 keal (b) 27.4 kcal 
(c) 6.85 kcal (d) 3.425 kcal 
In which of the following neutralization reactions, the heat of 
neutralization will be highest? 
(a) HC! and NaOH (b) CH,COOH and NaOH 
(c) CH,;,COOH and NH,OH (d) HClandNH,OH  — 
“The enthalpy of formation of a compound is equal in 
magnitude but of opposite sign to the enthalpy of 
decomposition of that compound under the same conditions.” 
This law was presented by: 
(a) Hess (b) Le Chatelier 
(c) Kirchhoff (d) Lavoisier and Laplace 
“The change of enthalpy of a chemical reaction is the same 
whether the reaction takes place in one step or in several 
steps”. This law was presented by: 
(a) Hess (b) Le Chatelier 
(c) van’t Hoff (d) Kirchhoff 
The enthalpy change in a reaction does not depend on the: 
(a) conditions under which the reaction is carried out 
(b) initial and final enthalpies of the reactants and products 
(c) state of reactants and products 
(d) number of intermediate steps to convert reactants to 

products 

Hess’s law deals with: 
(a) changes in heat of reaction 
(b) rate of reaction 
(c) equilibrium constant 
(d) influence of pressure on volume of a gas 
From the thermochemical reactions, 


] 
Cigraphitey + 502 — CO; AH =-110.5kJ 
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(ce) equal to AH 


Co+ 502 > CO,; AH = -283.2kI 


the heat of reaction of Cigraphitey + O2 ——> CO, is: 
(a) +393.7 kJ (b) -393.7 kJ (c) -172.7 kJ (d) +172.7kJ 


If H,+ 502 —— H,0; AH = — 68,09 kcal 


K + H,O + water —> KOH(aq.) + ; H,; AH = - 48.0 kcal 


KOH + water -—> KOH(aq. ); 
the heat of formation of KOH is: 
(a) ~68.39+ 48 — 14.0 (b) —68.39 - 48.0+ 14.0 
(c) + 68.39- 48.0+14.0  (d) + 68.39+ 48.0- 14.0 


The enthalpies of combustion of Cigraphitey 2d Cogismondy Fe 


AH = -14.0kcal 


393.5 and —395.4 kJ/mol respectively. The enthalpy of 
conversion of Cigaphitey 10 Cégiamond) i kJ/mol is: 
(a) -1.9 (b) —788.9 
(c) 1.9 {d) 788.9 
The heat of combustion of yellow phosphorus and red 
phosphorus are -9.91 kJ and 8.78 kJ respectively. The heat of 
transition of yellow phosphorus to red phosphorus is: 
ICEE (Bihar) 1992] 

{a) -18.69 kJ (b) +1.13 kJ 
(c) +18.69 kJ (d) -1.13 kJ 
What will be the heat of formation of methane, if the heat of 
combustion of carbon is ‘— x’ kJ, heat of formation of water is 
‘~ y’ kJ and heat of combustion of methane is ‘— z’ kJ? 

(AtLMTS 2008} 
(by(- z-x4+2y)kJ 
(d(-x-2ytz) kJ 


(a) (—x- y+ z)kJ 

(c) (-—x~- 2y— z)kJ 

Given, ; 
C(s) + 0,(g }——> CO2{g)+ 94.2 keal 


H,(g)+ 50(g)—> H,O(/) + 68.3 kcal 


CH,(g) + 20,(g)——> CO, (g)+ 2H,O(/) + 210.8 kcal 

The heat of formation of methane in kcal will be: 
[PT (MP) 1996] 

(a) 45.9 (b) 47.8 (c) 20.0 (d) 47.3 

On combustion carbon forms two oxides CO and CO,, heat of 

formation of CO, is ~94.3 kcal and that of CO is —26.0 kcal. 

Heat of combustion of carbon is: [EAMCE YT (vtcd.) 2616; 

(a) -26.0 kcal (b) — 68.3 kcal 

(c) —94.3 kcal (d) —120.3 kcal 

The heat of combustion of ethanol determined in a bomb 

calorimeter is -670.48 kcal mol”! at 298 K. What is AF at 

298 K for the reaction? 

(a) —760 kcal mol! 

(c) +760 kcal mol! 

‘1 calorie is equivalent to: 

(a) 4.1843 (b) 41.84] (c) 418.43 (d) 0.4184) 

For an endothermic reaction, where AH represents the 

enthalpy of reaction, the minimum value for the energy of 

activation will be: [EEF 1998: Pan C840: 1993} 

(a) less than AH (b) zero 

(d) more than AH 


(b) — 670.48 kcal mol”! 
(d) + 670.48 kcal mol! 
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CHEMICAL THERMODYNAMICS AND THERMOCHEMISTRY 


If s+0,— S0,; AH = — 298.2) 

$0, + 5 0, —> 805; AH =-98.7kI 
SO, + H,O —> H,SO, AH =~1302kJ 
H, + ; 0, — H,0, AH = - 227.3 kJ 


the heat of formation of H,SO, will be: 
(a) ~-7544k] (b) + 320.5 kI(c) — 650.3 kJ (d) — 433.7kI 
Which of the following units represents the largest amount of 


energy? 

(b) Erg 
(c) Joule _ (d) Calorie 
If AH ; for HO, (Z)and H,O(/)are -188 kJ mol ' and -286 kJ 
mol™!, what will be the enthalpy change of the reaction 
2H,0,(/) ——> 2H,O(/) + O,(g)? [PMT (MP) 1992] 
(a) 146 kJ mol! - (b) -196 kJ mol! 
(c) —494kJ mol”! (d) -98 kJ mol! 
The bond dissociation energies for Cl,, 1, and ICI are 242.3, 
151 and 211.3 kJ/mol respectively. The enthalpy of 
sublimation of iodine is 62.8kJ/ mol. What is the standard 
enthalpy of formation of ICI(g)? 
(a) - 211.3 kJ/mol (b) ~— 14.6 kJ/mol 
(c) 16.8 kJ/mol (d) 33.5 kJ/mol 


(Hint:  Cl,(g) ——> 2Cl(g); | AH, = 242.3 kJ/mol . 
1,(g) — 2g); AH, = 151 kJ/mol 
ICkK(g) — I(g) + Cl(g); AH, = 211.3 kJ/mol 
L(s) — 1,(g); AH, = 62.8 kJ/mol 
Required equation: 


Sh6)+ 5Ch@) —ICK(g); AH =? 


62.84 151+ 242.3 
2 

= 16.75 kJ / mol] 
Standard heat of formation for CCl,, H,O, CO, and HCl at 
298K are — 25.5, — 57.8 — 94.1 and — 22.1 kJ/mol respectively. 
For the reaction, 

CCL, + 2H,O ——> CO, + 4HC1 
what will be AH ? (SCRA 2007) 
(a) 36.443 (b) 207K) (c) -20.7kKJ (d) — 414k) 
Heat of combustion of CH,,C,H,;,C,H, and C,H, are -212.8, 
~373.0, -337.0 and -310.5 kcal respectively at the same 
temperature. The best fuel among these gases is: 


AH = — 211.3 


(a) CH, (b) CH, 

(c) CH, (d) C,H, 

Given, C(s) + 0,(¢) —> CO,(g); AH = ~395kJ 
S(s) + O.(¢) —> SO,(g); AH = ~295kJ 


CS, (1) + 30,(g) —> CO,(g) + 280,(g); AH =-1110kJ 
The heat of formation of CS, (/ )is: |CEE (Bihar) 1992] 
(a) 250k) = (b) 62.5kJ) (c) 31.25k3  (d) 12580 

The heats of combustion of rhombic and monoclinic sulphur 
are -70960 and —71030 calorie respectively. What will be the 
heat of conversion of rhombic sulphur to monoclinic sulphur? 
(a) —70960 cal (b) —71030 cal * 

(c) 70 cal (d) -70 cal 


91. 


92. 


93. 


94, 


95. 


96. 


97. 


98. 


99. 


100. 


161. 


493°— 


The bond dissociation energy of C—H in CH, from the 
equation 

C(g)+ 4H(g)——> CH, (g); AH = ~ 397.8 kcal 
is: 
(a) + 99.45 kcal (b) -99.45 kcal 
(c) + 397.8 kcal (d) +198.9 kcal 
The dissociation energy of CH, is 400 kcal mol”! and that of 
ethane is 670 kcal mol”'. The C—C bond energy is: 
(a) 270 kcal (b) 70kcal (c) 200 kcal (d) 240 kcal 
Heat of reaction at constant volume is measured in the 
apparatus: 
(a) bomb calorimeter (b) calorimeter 
(c) pyknometer (d) pyrometer 
When 10 mL of a strong acid is added to 10 mL of an alkali, 
the temperature rises by 5°C. If 100 mL of the same acid is 
mixed with 100 mL ofthe same base, the temperature rise 
would be: 
(a) S°C (b) 50°C 
(c) 20°C (d) cannot be predicted 
Energy required to dissociate 4 g of gaseous hydrogen into 
free gaseous atoms is 208 kcal at 25°C. The bond energy of 
H—H bond will be: 
(a) 1.04 cal (b) 10.4 kcal 
(c) 104 keal (d) 1040 kcal 
The heat of neutralisation of strong base and strong acid is 
57.0 kJ. The heat released when 0.5 mole of HNO, solution is 


added to 0.20 mole of NaOH solution is: (KCET 1993) 
(a) 57.0kJ (b) 28.5 kJ 
(c) 11.40 kJ (d) 34.9 kJ 


The enthalpy of combustion of cyclohexane, cyclohexene and 
H, are respectively -3920, -3800 and -241 kJ mol”. The heat 
of hydrogenation of cyclohexene is: (AHIMS 2007) 


(a) -121 kJ mol” (b) 121 kJ mot" 

(c) -242 kJ mol! (d) 242kJ mol! 

If C(s)+ O,(g)—» CO,(g);_ AH =r 
1 

and CO(g)+ 3 0,(g) > CO,(g);  AH= 


then the heat of formation of CO is: 7 
(a) r+s (b) r-s (c) s-r (d) rxs 

Given that, heat of neutralisation of strong acid and strong 
base is 57.1 kJ. Calculate the heat produced when 0.25 mole of 
HCI is neutralised with 0.25 mole of NaOH in aqueous 


solution: (CPMT 1990) 
(a) 22.5 kJ (b) 57kJ 
(c) 14.275 kJ . (d) 28.55 kJ 


Which one of the following values of AH° represents that the 
product is least stable? 

(a) — 94.0 kcal mol"! (b) -231.6 kcal mol! 

(c) +21.4 kcal mot (d) + 64.8 kcal mol™ 

The value of AHo__y; is 109 kcal mol”. The formation of one 
mole of water in gaseous state from H(g) and O(g) is 
accompanied by: (CBSE 1990) 
(a) 218 kcal 
(c) —218 kcal 


(b) -109 keal 
(d) unpredictable 
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Heat of neutralisation of a strong dibasic acid in dilute solution 
by NaOH is nearly: 
(a) -27.4 keal/eq (b) -13.7 keal/eq 
(c) +13.7 keal/eq (d) —13.7 kcal/mol 
The enthalpy changes at 298 K in successive breaking of 
OQ-—H bonds of water are 

H,O(g) —> H(g)+ OH(g); AH = 498 kJ mol 
and OH(g) —> H(g)+ O(g); AH = 428kJ mol’ 
The bond enthalpy of O—H bond is: 
(a) 498 kJ mol! (b) 428 kJ mol! 
(c) 70 kJ mol! (d) 463 i mol! 
AH and AE for the reaction, S(s) +2 5 Oo (g)——> SO; (g) 

are related as: 
(a) AH = AE —0.5RT ‘(b) AH = AE ~1.5RT 
{c) AH = AE + RT (d) AH = AE + 1.5RT 
A spontaneous change is one in which the system suffers: 
, (VITEEE 2008) 

(a) an increase in internal energy ~ 
(b) lowering in entropy 
(c) lowering in free energy 


(d) no energy change 


The free energy change for a reversible reaction at equilibrium 
is: 

(a) zero (b) positive 

(d) none of these 

In the evaporation of water, the entropy: 

(a) decreases (b) increases 

(c) does not change 

(d) sometimes increases, sometimes decreases 

In which of the following change entropy decreases? 

(a) Crystallisation of sucrose from solution 

(b) Dissolving sucrose in water 

(c) Melting of ice 

(d) Vaporisation of camphor 

For the precipitation reaction of Ag* ions with NaCl which of 
the following statements is true? 

(a) AH is zero for the reaction 

(b) AG is zero for the reaction 

(c) AG is negative for the reaction 

(d) AG should be equal to AH 

If enthalpy of vaporisation of water is 186. 5 kJ/mol, the 
entropy of its vaporisation will be: 

(a) 0.5 (b) 1.0 (c) 1.5 (d) 2.0 

A reaction is non-spontaneous when: [AMU (Medical) 2006] 
(a) AH is +ve, AS is —ve 

(b) both AH and AS are —ve 

(c) AH is ~ve and AS is +ve 

(d) none of the above 

Standard enlropics of X,,¥, and XY, are 60, 40 and 50 


JK mol! respectively. For the reaction: 
statsh = <= 4Y,; AH=-30K) 


to be at equilibrium, the temperature should be : 
[CBSE (PMT) 2010] 
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(a) 750K (b) 1000 K 
(c) 1250K (d) 500K 
[Hint > AS= ZS Products ~ 2S Reactants 


= 50-| 1% 604240 
2 2 


= 50- (30+ 60) = -40 JK! mol 
At equilibrium, AG = AH —- TAS = 0 


L.é., AH =TAS 
T _ AH _ ~30 x 1000 = 750 K] 
AS —40 


‘At absolute zero the entropy of a perfect crystal is zero.’ This 
statement corresponds to which law of thermodynamics? 

(a) First law . (b) Second law 

{c) Third law (d) None of these 


Unit of entropy is: {PMT (Punjab) 2007] 
(a) JK™! mot (b) Jmol 
(c) J? K! mor! (d) JK mol! 


Given that AH -(17)= 218 Kina, express the H—~-H: bond 
energy in kcal/mol: (EAMCET 2009) 
(a) 52.15 (b) 911 

(c) 109 (d) 5.2153 


For which reaction from the following, A S will be maximum? 
(a) Ca(s) +5 O2(g)—> CaO(s) 


{b) CaCO,(s) > CaO(s) + CO,(g) 

(c) C(s)+ O,(g) > CO,(g) 

(d) N2(g) + On(g) —> 2NO(g ) 

A particular reaction at 27°C for which AH > Oand AS > Gis 
found to be non-spontaneous. The reaction may proceed 
spontaneously if: 


‘(a) the temperature is decreased 


(b) the temperature is kept constant 
(c) the temperature is increased 
(d) it is carried in open vessel at 27° C 


- The least random state of water system is: 


(a) ice (b) liquid water 

(c) steam (d) randomness is same in all 
Although the dissolution of ammonium chloride in water is an 
endothermic reaction, even then it is spontaneous because: 
(a) AH is positive, AS is —-ve 

(b) AH is t+ve, AS is zero 

(c) AH is positive, T AS < AH 

(d) AH is +ve, AS is positive and AH < T AS 

For an exothermic reaction to be spontaneous: 

(a) temperature must be high 

(b) temperature must be zero ~ 

(c) temperature may have any magnitude 

(d) temperature must be low 


-For the reversible process, the value of AS is given by the 
expression: 

(a) = (b) T - Grey 

(c) Trey X T (d) Grey — T 


CHEMICAL THERMODYNAMICS AND THERMOCHEMISTRY 


122. In an electrochemical cell, if E° is the emf of the cell involving 131. The enthalpy change of a reaction does not depend on: 


123. The correct relatior. between equilibrium constant (XK), (c) different intermediate reactions 
standard free energy (AG ° ) and temperature (7) is: (d) initial and final enthalpy change of reaction 
. {CET (J&K) 2006] 132. Which plot represents an exothermic reaction? 
(a) AG? =RT In K © (b) K =e hOR HF p 
(c) AG°?=-RTlogK = (d) K = 10-407 3387 a ie de 
BE in oh a ) % ) HR 
124. The value of entropy in the universe is: P 
(a) constant _(b) decreasing —— ——- 
(c) increasing (d) zero Reaction coordinate Reaction coordinate 
125, Which of the following thermodynamic relation is correct? 
: [JEE (WB) 2010] f a = t 4 a 
(a) dG =VdP -— SdT (b) dU = Pd + TAS (©) ef NS @ 44] — 
(c) dH =—-VdP + TdS (d) dG =VdP + SdT 
[Hint: dG = dH -TdS - SdT —- — 
(G=H-TS) Reaction coordinate Reaction coordinate 
dH = dU + PdV +VaP 133. S +50, —> SO, + 2x kcal; 
ede ie so, +0 SO, + ykeal 
and dU = TdS - PaV ie Se de 2 aa 
. dG = (TdS — PdV)+ PdV +VdP —TdS — SdT The heat of formation of SO, is: 
dG = VdP - SaT| {AHIMS 1997; PET (Kerala) 2008] 
126. If enthalpies of formation for C,H,(g), CO,(g) and H,O(/) (a) y- 2x (b) e+ y (oh) xty = (d) &/y 
at 25°C and 1 atm pressure be 52, -394 and —286 kJ mol! 134... Given, 
respectively, enthalpy of combustion of C,H, (g ) will be: NH;(g)+ 3Cl,(g) == NCI, (g) + 3HCl(g); —AH; 
(CBSE 1995) N2(g) + 3Hy(g) == 2NH;(g); _ ~ AH, 
(a) +141.2 kJ mol! (b) +1412 kJ mol! H,(g)+ Cl, (g) == 2HCKg); «AHS | 
(c) ~141.2 kJ mol"! (d) -1412 kJ mol! The heat of formation of NCI, (g) in terms of AH,, AH, and 
127. Identify the correct statement regarding entropy: (CBSE 1998) AH, is: (EAMCET 1998) 
(a) at absolute zero, the entropy of a perfectly crystalline (a) AH, =- AH, il AH, - 3 AH, 
substance is + ve. 2 2 
b) at absolute zero, the entropy of a perfectly crystalline 
ce substance is zero. id P a (b) AH, = AH, +5 AH, ~ > AH 
(c) at 0°C the entropy of a perfectly crystalline substance is 1 3 
taken to be zero. (c) AH ; = AH, — ~ AH, - ~ AH; 
(d) at absolute zero of temperature the entropy of all % 7 
crystalline substances is taken to be zero. (d) none of the above 
128. The enthalpy and entropy change for a chemical reaction are 135. The word ‘standard’ in standard molar enthalpy change 
~2.5x10% cal and 7.4 cal deg™! respectively. Predict implies: 
whether the nature of reaction at 298 K is: (AFMC 1998) (a) temperature 298 K 
(a) spontaneous (b) reversible (b) pressure 1 atm 
(c) irreversible (d) non-spontaneous {c) temperature 298 K and pressure | atm 
129. One mole of an ideal gas at 300 K is expanded isothermally (d) all temperatures and all pressures 
from an initial volume of | litre to 10 litre. The AE for this 136. The heat of formation (AH, ) of H,O(/) is equal to: 
process is: (R = 2 cal K™' mol’) (CBSE 1998) (a) zero 
(a) 163.7 cal (b) 1381.1 cal (b) molar heat of combustion of H,(/) 
(c) 9 litre-atm (d) zero (c) molar heat of combustion of H,(g) 
130. The latent heat of vaporisation of a liquid at 500 K and 1 atm (d) sum of heat of formation of H,O(g)and O,(g) 
pressure is 10 kcal/mol. What will be the change in internal 137. An example of extensive property is: 
energy (AE ) of 3 moles of liquid at the same temperature? (a) temperature (b) internal energy 
(CBSE 1998) (c) viscosity (d) molar heat capacity 
(a) 13.0 kcal (b) —13.0 kcal 138. 


n poole of electrons, then AG® is: 
(a) AG° = nFE° (b) AG° = -nFE° 
(c) E°=nF AG? (d) AG° = nF/E° 


(c) 27.0 kcal (d) ~27.0 kcal 


(AUMS 1997) 
(a) state of reactants and products ; 
(b) nature of reactants and products 


For a diatomic molecule AB, the electronegativity difference 
between A and B = 0.2028 VA [where, A = bond energy of 


496 


139. 


140. 


141, 


142. 


~ (c) 100 kJ mot! 


143. 


144, 


145. 


146. 


.G.R.B. PHYSICAL CHEMISTRY FOR COMPETITIONS 


AB — geometric mean of the bond energies of 4, and B,]. The 
electronegativities of fluorine and chlorine are 4.0 and 3.0 
respectively and the bond energies are of F—F: 38 kcal mol! 
and of Cl—Cl: 58 kcal mol”. The bond energy of Cl—F is: 
(a) ~ 71 kcal/mol (b) ~ 61 kcal/mol 

(c) ~ 48 kcal/mol (d) ~ 75 kcal/mol 

The value of AH? for the reaction Cu*(¢)+ I7(g) > Cul(g) 


is — a0 kJ mol™!, If the ionisation energy of Cu(g) is 745 kJ 


mol” and the electron affinity-of I(g ) is -295 kJ mol", then 
the value of AH? for the formation of one mole of Cul(¢ )from 
Cu(g) and I(g )is: 
(a) — 446k] (b) 450k) = (ce) 594 KJ 
If the enthalpy change for the reaction, 
CH,(g)+ Cl,(g)— CH;Cl(g) + HCI(g); AH = — 25 kcal, 
Bond energy of C—H is 20 kcal mol” greater than the bond 
energy of C—Cl and bond energies of H—H and H—Cl are 
same in magnitude, then for the reaction H,(g) + oh (g)7- 
2HCl(g), AW =? 
(a) —22.5 kcal/mol (b) —20.5 kcal/mol 
(c) ~32.5 kcal/mol (d) -12.5 kcal/mol 
The standard heat of formation of sodium ions in aqueous 
solution from the following data: 

Heat of formation of NaOH(agq,) at 25°C = — 470.7 kJ 

Heat of formation of OH (aq) at 25°C = - 228.8 kJ 


(d) 4kJ 


is: 
(a) —251.9kJ (b) 241.9kJ (c) — 241.9kJ(d) 251.9kJ 
AB, A, and B, are diatomic molecules. If the bond enthalpies 
of A,, AB and B, are in the ratio 1: 1: 0.5 and the enthalpy of 
formation of AB from A, and B, is—100 kJ mol’, what is the 
bond enthalpy of A, ? 
(a) 400 kJ mol”! (b) 200 kJ mol"! 
(d) 300 kJ mot”! 
The lattice energy of solid NaCl is 180 kcal per mol. The 
dissolution of the solid in water in the form of ions is 
endothermic to the extent of 1 kcal per mol. If the solvation 
energies of Na* and CI ions are in the ratio 6 : 5, what is the 
enthalpy of hydration of sodium ion? 
(a) — 85.6 kcal/mol (b) ~ 97.5 kcal/mol 
(c) 82.6 kcal/mol (d) +100 keal/mol 
Which one of the following statements is false? 

[LUT (Screening) 2000, 01] 
(a) Work is a state function 
(b) Temperature is a state function 
(c) Work appears at the boundary of the system 
(d) Change in the state is completely defined when the initial 

and final states are specified. 
AG® for the réaction x + y == z is ~ 4.606 kcal. The value 
of equilibrium constant of the reaction at 227° Cis: 
(IIT 1999) 

(a) 100 (b) 10 (d) 0.01 
(R = 2.0cal K™ mot) 
{Hint: AG° =~RT x 2.303 x log K ] 
The enthalpy of solution of BaCl, (s) and BaC!, -2H,O(s) are 
~20.6 and 8.8 kJ mol” , respectively. The enthalpy change for 
the reaction is: (IIT 1998) 


(c) 2 
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(a) 29.8 kJ 

(c) -20.6 kJ 

For the reaction, 
A(g) + 2B(g) —> 2C(g) + 3D(g) -- 

the value of AH at 27°C is 19.0 kcal. The value of AE for the 

reaction would be: (Given, R = 2.0cal K™! mol): (qT 1998) 


(a) 20.8 kcal (b) 19.8 kcal (c) 18.8 kcal (d) 17.8 kcal 
In thermodynamics, a process is called reversible when: 

|IIT (Screening) 2000, 01] 
(a) surroundings and system change into each other 
(b) there is no boundary between system and surroundings 
(c) the surroundings are always in equilibrium with the system 
(d) the system changes into the surroundings spontaneously 
The heat liberated when 1.89 g of benzoic acid is burnt in a 
bomb calorimeter at 25°C increases the temperature of 18.94 
kg of water by 0.632°C. If the specific heat of water at 25°C is 
0.998 cal g“'deg™, the valug'‘of heat of combustion of benzoic 
acid is: (AFMC 20 10) 
(a) 881.1 kcal (b) 771.4 kcal 
(c) 981.1 kcal (d) 871.2 kcal 
[Hint: Heat liberated by 1.89 g of benzoic acid, 

q = msAT 
= 18940x 0.998 x 0632 
= 11946.14 cal 

Heat liberated by the combustion of 
1 mol benzoic acid, i.e., 
122 g benzoic acid 


(b) -11.8 kJ 
(d) -29.4 kJ 


_ 1194614 
189 

= 771.12 keal mol] 

One mole of a non-ideal gas undergoes a change state (2 atm, 
3 L, 95 K) to (4 atm, 5 L, 245 K) with a change of internal 
energy, AU = 30 L atm. The change in enthalpy (AH) of the 
process in L atm.: JIT (S) 2002] 
(a) 40.0 
(c) 44.0 
(d) not defined, because pressure is not constant 

Which of the following reactions defines AH , fo 

LIT (8) 2003] 


* 122 = 771126.5 cal 


(b) 42.3 


(a) Cégiamondy + O2(g i — CO,(g) 
() 5 Hg) +5 (ge) — He) 
(c) No(g)+ mt) ——~ 2NH;(g) 
(@) CO(g) + 5 0,(g) — CO,(2) 


If the saa of formation of Al,O, and Cr,O, are -1596 kJ 
and ~1134 kJ respectively, then the value of AH for the 
reaction; 
2Al + Cr,0, —— 2Cr + Al,O; is: 
(a) —462 kJ (b) -1365kJ 
(c) ~2530 kJ (d) +2530 kJ 
Which: of the following is true for spontaneous process? 
[PMT (Himachal) 2606]. 
(c) AG=0 (d) AG=TAS 


(ADIMS 2004) 


(a) AG>0 (b) AG<@ 


~ 154, 


CHEMICAL THERMODYNAMICS AND THERMOCHEMISTRY 


Considering entropy(s) as a thermodynamic parameter, the 
criterion for the spontaneity of any process is: 


[CBSE (PMT) 2004] 


: (a) AS system + AS surroundings >0 
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- 1x. 10° Nm”. The work done is: 


-(c).443-K, spontaneous 


{a) isothermal (b) isobaric 
The entropy of a crystalline substance at absolute zero on the . 


(b) AS system ~ AS surroundings >0 
(c) AS system > Oonly 
(d) AS surroundings > Oonly 

An. ideal gas expands in volume from |x 10? m? to 
- 10° m?> at 300K against a constant pressure of 
(AIEEE 2004) 


3 


(a) ~900J (b) -900 kJ 

(c) 270k] (d) +900 kJ 

What is the value of internal energy change (AU ) at 27°C ofa 
gaseous reaction 24,(g)+ 5B, (g )——> 2.4,B;(g) (whose 
heat change at constant pressure is -50700 J)? 


R= 8314 JK” mol! (SCRA 2009) 
(a) -50700 J (b) -63171] 
{c) -38229 J (d) +38229 J 
[Hint: AH =AU+An,RT 


—50700 = AU + (-5) x 8.314 x 300 

AU =-382293] 
Two mole of an ideal gas is expanded isothermally and 
reversibly from 1 litre to 10 litre at 300 K. The enthalpy 
change (in kJ) for the process is: {HIT (S) 2004] 
(a) LL4kJ) (b) -11.4 kJ. (c) OKI (d) 4.8 kJ 


The enthalpy of vaporization of a nau is 30 kJ mol”! and - 


entropy of vaporization is 75 J mol! 
the liquid at 1 atm is: {AT (8) 2004] 
(a) 250K (b) 400K = (c) 450K (d) 600K 

The sublimation energy of I,(s) is 57.3 kJ/mol and the 
enthalpy of fusion is 15.5 kJ/mol. The enthalpy of 
vaporisation of I, is: i (DCE 2005) 
{a) 41.8 kJ/mol (b) — 41.8 kJ/mol 

(c) 72.8 kI/mol (d) — 72.8 kJ/mol 

[Hint: AH. sublimation — AH fusion * AH vaporisation | 


. The boiling point of 


AH and AS for a reaction are +30.558 kJ mol”! and 0.066 kJ 
K7 mol"! at 1 atm pressure. The temperature at which free 


energy change is zero and the nature of the reaction below . 


this temperature is: 
(a) 483 K, spontaneous 


[PET (Kerala) 2005] 
(b) 443 K, non-spontaneous 

(d) 463 K, non-spontaneous 
(e) 463 K, spontaneous 

What would be the amount of heat released when an aqueous 
solution containing 0.5 mole of HNO, is mixed with 0.3 mole 


“of OH” (enthalpy of neutralisation is —57.1 kJ)? 


[PET (Kerala) 2005] 
{a) 28.5 kI (c) 45.7 kJ - a L7kJ 
(e) 2.85 kJ "= 
[Hint: 0.3 mole OH ~ ion will be completely neutralised, 
: AH =-57.1%0.3=-17.13 kJ] 
A process in which the system does not exchange heat with the 
surroundings is known as: |CET (J&K) 2005} 


_ (c)isochoric (d) adiabatic 


(b) 17.1 kJ 


basis of third law of a a should be taken as: 


ICE (18K) 2005] 
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_ change, then: 


(a) 100 ” (b) 50 

(c) zero (d) different for different substances 
Which of the following expressions is correct? : 
[JEE (Orissa) 2005] 
(a) AG° = -nFE ° (b) AG° =+nFE° — 

(c) AG° = ~2.303RTnFE.,, (d) AG° = ~ nF log K, 
Consider the reaction, N,(g)+3H,(g)—— 2NH,(g); 
carried out at constant temperature and pressure. If AH and 
AU are enthalpy change and internal energy change 
respectively, which of the following expressions is true? 


(AIEEE 2005) 
(a) AH = 0 (b) AH = AU 
‘(c) AH < AU (d) AW > AU 
[Hint: AH =AU + AnRT,An=2-4=-2 
AH <AU] 


The absolute enthalpy of neutralisation of the reaction, 

Mg0Q(s) + 2HCK(aqg.) —> MgCl, (aq.) + H,O(2) 
will be: {CBSE-PMT (Pre) 2005] 
(a) -57.33 kJ mol! 
(b) greater than -57.33 kJ mol! 
(c) less than -57,33 kJ mol! 
(d) 57.33 kJ mol! 
[Hint: Since, MgO is an oxide of a weak base, hence its 
neutralisation will evolve the heat less than 57.33 kJ mol] 
The entropy values (in JK7! mol™') of H,(g¢) = 1306, Cl, (g) 
= 223 and HCl(g) = 186.7 at 298 K and 1 atm pressure are 
given. Then entropy change for the reaction, 

H,(g) + Cly(g) —> 2HCK(g) | 
is: [BHU (Pre) 2005} 
(a)+ 540.3 (b)+ 727.3 (c)- 166.9 . (d)+ 19.8 
A mixture of 2 mole of CO(g )and one mole of O,, in a closed 
vessel, is ignited to convert the carbon monoxide to carbon - 
dioxide. If AH and AU are enthalpy and internal energy 
(KCET 2005) 

(a) AH > AU = 
(b) AH < AU 
(c) AH = AU 
(d) the relationship depends on the capacity of the vessel 


‘Consider the following reactions at 1000°C: 


A. Zn(s) + ; 0,(g)——> Zn0(s);,_— AG = - 360 KF mol 


B. C (graphite) + ; 0,(g) > CO(g);_ AG° = - 460 ae 


hoes the cone statement at 1000°C: 
[PMT- (Kerala) 2006) _ 
(a) zinc can be oxidised by carbon monoxide. | ; 


_ (b) ZnO can be reduced by graphite. 


(c) both (a) and (b)-are true. 
(d) both (a).and (b) are false. 


_ (e). carbon monoxide can be reduced by zinc. ~ 

_ Which one of the: following equations does not. neatly * 
Tepresent: the had law of thermodynamics for the. given .- 
PrOess? : 


[PET (Kerala) 2006] 
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(a) =1238.78 J-mol™! 
» (c) -2477.57 Jmol” ~~ 


G.R.B. PHYSICAL CHEMISTRY FOR COMPETITIONS 


(a) Isothermal process . q=-w 
(b) Cyclic process . q=-w 
(c) Tsochoric process AU =q 
(d) Adjabatic process AU =-w 
(é) Expansion of gas into vacuum AU =q 
(Hint: In adiabatic: process q=90 


: -. From AU = q-w- 


. Work is done by the system, 


ae AU =-w for adiabatic process] 
The enthalpy ¢ and entropy changes for the reaction: 
* Br) + Clh(g) = 2BrCl(g) : 
are 30.kJ mol! and 105. J K7! mol! respectively. The 
temperature at which the reaction will be in equilibrium is: 


: “ [CBSE (Med.) 2006] 
(a) 285.7K - (b) 273K (c) 450K (dd) 300K 
(AH — AU) for the formation of carbon monoxide (CO) from 


its element at 298 Kis: ne 8.314J KK} mol) 
(AIEEE 2006) 
(b) 1238.78 J mol! 
(d) 2477.57 J mol! 
1 


C(s) + 3 26> CO(g) An, =1— aa 


[Hints 
toe te 2 


=5x8314 x 298 = 1238:786 J mot! J 


Fora phase change: 
: 8g HOD — H,O(s) 
0°C, 1 bar (AIIMS 2006) 
(a) AG =0 (b) AS =0 : 
(ce) AH=0 (d) AU =0 
We can drive any thermodynamically forbidden reaction in the 


desiréd direction by coupling with: . . {PET (Kerala) 2006] 


(a) highly exothermic reaction 
(b) highly endothermic reaction 


- (c)..highly exergonic reaction 


175. 


176. 


a7. 


(d) highly endergonic reaction 
(e) feaction with large positive AS values 


Given that; bond energies of H— H and Cl—CI are 
-430kJ/mol and 240 kJ/mol respectively. AH , for HCl is 


— 90-kJ/ mol. Bond enthalpy of HC1 is: 
(a): 380 kJ mol! (b) 425 kJ mol”! 
(c). 245 kJ mol! (d) 290 kJ mol 


The dinount of heat réleased, when 20 mI: of 0.5 M NaOH is 
mixed with 100 mL of bi 1 M HCl; is x kJ. The heat of 


[CBSE (Med.) 2007] 


neutralization (in kJ, mol) is: {BAU (Mains) 2007] 
(a) ~100x  (b) — 50x (c) + 100x  (d) + 50x : 
[Bint: Number of moles of NaOH = elf = ei = 0.01 
; 1000 1000 
Number of nigles of HCl = ae ap CUE = 0.01 
1000 1000 


-Heat of: jteutralization = = noi =- pia 


1 mversion ue anestouie to lime, 
a CaCO, (s) —~ CaO(s) + CO,(g) 
thes vi 


lues of AH° and AS° are +179.1kJ mol! and 


178. 


179. 


180. 


181. 


182. 


183. 


184, 


185. 


. [Hint: 


160.2 JK“! mol respectively at 298 K and 1 bar. Assuming 
that, AH° and AS° do not change with temperature; 


temperature above which conversion of limestone to lime will 


be spontaneous is: - (AIEEE 2007) 
(a) LII8K = =(b) 1008K 8c) 1200K) Sd) 845K 
Assuming that, water vapour is an ideal gas, the internal energy 
change (AU ) when | mol of water is vaporised.at 1 bar pressure 
and 100°C, (given: molar enalpy of vepoues ton of waier at 1 
bar and 373K =41kJ mol”! and R = 8.3 JK~! mol”) will be: 

oe 2007) 
(b) 4.100 kJ mol! 


(d) 37.904 kJ mol"! 


(a) 41.00 kJ mol"! 
(c) 3.7904 kJ mol! 
AU = AH - AnRT 
= 41000 -1 x 8314 x 373 
= 37898.878 J mol! 
= 37.9 kJ mol” ] 
For the process, 
H,O(/) (1 bar, 373K) —~ H,O(g) (1 bar, 373K). 
The correct set of thermodynamic parameters is: (IIT 2007) 
(a) AG=0, AS = +ve (b) AG =0, AS = —ve 
(c) AG=+ve, AS =0 (d) AG =- ve, AS = +ve 
For the reaction, 
2H,(g)+ O,(g)——> 2H, O(g);  AH° = —573.2kJ 
The heat of decomposition of water per mol is: 


. (MHT-CET 2007) 
(a) 286.6 kt (b) 573.2kJ (c) —2866kJ (d) zero 
The free energy change AG = 0, when: {CET (J&K) 2007] 


(a) the reactants are completely consumed 

(b) a catalyst is added 

(c). the system is at equilibrium __ 

(d) the reactants are initially mixed 

In a closed ‘container, a liquid is, stirred with a paddle to 

increase the temperature, which of the following is true? 
[PMT (Pb.) 2007] 

(bl) AU=W =0,q #0 

(d) W=0,AU =q #0 


(a) AU= AW #0,q=0 
(c) AU=0,W=q #0 
For the gas phase reaction, 
PCI; (g)== PCh;(g) + Ch(g) 

Which of the following conditions are correct? 

- {CBSE-PMT (Pre) 2008] 
(a) AH < 0, AS <0 (b) AH > Oand AS < 0 
(c) AH =0, AS <0 (d) AH > Oand AS > 0 
Which of the following is correct ? [BHU (Screening) 2008] 


(ayGy = (| 
P 

Le ps 

oT) 7 


()Cp-C, =R 

(Internal pressure in van dar Waals’ equation) 

Which of the following represents total kinetic energy of one 
mole of gas? [SEE (Orissa) 2008] 


(SRT SRT (Co = Cy RT (SRT 


186. 


187. 


188. 


189, 


CHEMICAL THERMODYNAMICS AND THERMOCHEMISTRY 


Standard entropy of X,,¥, and XY; are 60, 40 and 50 JK™! 
mol”! respectively. For the reaction : 


5X2 +5 tN, AH = — 30kjJ, 
to be at equilibrium, the temperature will be: (AIEEE 2008) 
(a) 1000K (b) 1250K — (c) SOOK (d) 750K 
: 1 3 
[Hinks 2 fed ri AY, 
1 3 
AS* peation = AS* xy, ~ 5 AS? x, ~ 5 AS?y 


7 60 ~ 5x 40= 40 JK"! mol! 


= 50- 


AG =AH -T AS =0 at equilibrium. 

AH oe 5509 

AS 40 

4,48 L of an ideal gas at S.T.P requires 12 calories to raise its 
temperature by 15C° at constant volume. The Cp of the gas is : 


T= 


[PMT (Kerala) 2009] 
_ (a)3 cal (b) 4 cal (c) 7 cal (d) 6 cal 
(e) 9 cal 
[Hint : eee. qoeegy 
nAT 2.24 
= 2 =4 cal 
0.2x15 


Cp =Cy t+ R=442=6cal] 
On the basis of following thermochemical data : 
[ A ,G°H" (aq) = 0] 
H,O(2) ——> H*(aq)+ OH (aq) ; AH = 57.32kJ 
H(g)+5.0:(g)— H,07) ; AH =-2862kJ 


The value of enthalpy of formation of OH” ion at 25°C is: 
(AIEEE 2009) 

(a) -22.88 kJ (b) —228.88 kJ 

(c) +228.88 kJ (d) -343.52 kJ 

{Hint : The equation for the formation of OH (aq) is: 


Hy(g)+ 50208) — H" (aq) + OH" (aq) 


It is obtained by adding the two given equations : 
AH = 57.32 + (—286.2) = —228.88 kJ ] 

The values of AH and AS for the reaction, 

C(graphite) + CO,(g)——> 2CO(g) are 170 kJ and 170 

JK"! respectively. This reaction will be spontaneous at : 
{CBSE (PMT) Pre 2009] 

{a) 510K (b) 710K = (c) 9IOK (d) 1110K 

{Hint : AG = AH —TAS, AG should be negative for spontaneous 

process. > , 


AH —TAS <0 
AH <TAS 
ee pene. 7 > 1270x1000 
170 . 
T >1000K ] ‘ 


190. In which reaction, there will be increase in entropy? 


(DCE 2009) 


194. 


192. 


193. 


194. 


oe 


(a) Na(s)+ H,O() ——> NeoH(ag) + bit (g it : 
(b) Ag*(ag)+ Cl (ag) ——> AgCK(s) 
(0) Hy(g)+ 5Ox(g)—> HO) 


(d) Cu?* (ag)+ 4NH;(g) —> [Cu(NH )4 Iz.) 


The species which by definition has zero standard molar 


enthalpy of formation at 298 K is: (IF 2010) 
(a) Br (g) (b) Ch(g) 
(c) H,O(g) (d) CH,(g) 


The standard enthalpy of formation of NH; is —~46 kJ mol. If 
the enthalpy of formation of H, from its atoms is ~436 kT mol”! 
and that of N, is —712 kJ mol™', the average bond enthalpy of 
N—H bond in NH, is: (AIEEE 2010) | 
(a) + 1056 kJ mol? | (b) -1102 kJ mol"! 

(c) -964 kJ mol (d) +352 kJ mol! 


(Hint: (= N)+3H—H—> HN 
AH =-46 kJ mol 
BE (N = N) =-712 kJ mol! 
BE (H— H) = -436kJ mol! 
Let B.E. of (N— H) =x kJ mol! 
AH = >(B. E. )rcactants 7 LOB. E. Products 


1 3 
46 = E (712) + 31636) 3x ; 
x = 352 kJ mol] 
A 1 g sample of substance A at 100°C is added to 100 mL of 
H,O at 25°C. Using separate 100 mL portion of H,O, the 
procedure is repeated with substance B and then with substarice 
C. How will the final temperatures of the water compare? 


Substance Specific heat 
A 663g) °o" 
B 043g! °c! 
Cc 023g"°C'  (DUMET 2010) 
(a) I. > Tz > T, (b) Ty >T, > % 
(c) T, >Ty >I (d) 7, =Tp =] 
[Hint : ¢ = msAT 
1 
5 
AT 


Higher is the temperature of given solution, lesser is the 
temperature difference, so higher is the specific hgat. Order of 
specific heat is A > B > C. Hence order of temperature will be : 
Ty >T, >To] i 

For vaporisation of water at | atmospheric pressure, the values 
of AH and AS are 40.63 kJ mol! and 108.8 J K7'mol™! 
respectively. The temperature when Gibbs free energy change 
(AG) for transformation will be zero, is: [CBSE (PMT) 2010] 
(a) 273.4K (b) 393.4K 
(c) 373.4K (d) 293.4K 
[Hint : AG = AH —TAS 

0 = 40.63 x 1000 -T x 108.8 

T =373.4K) 


500 


G.R.B. PHYSICAL CHEMISTRY FoR COMPETITIONS 


Set-2: The questions given below may have more 


Te 


than one correct answers 


Which is intensive property? 
(a) Mass 
(c) Volume 


(b) Mass/volume 
(d) Volume/mass 


. Which is an irreversible process? 


(a) Mixing of two gases by diffusion 

(b) Evaporation of water at 373 K and 1 atm pressure 

(c) Dissolution of NaCl in water 

(d) Allofthe above _ 

One mole of anhydrous MgCl, dissolves in water and liberates 


25 cal/mol of heat. AW yyaration Of MgCl, = — 30 cal/mol. Heat 


of dissolution of MgCl, -H,0 is: 

(a) +5 cal/mol (b) ~5 cal/mol 
(c) 55 cal/mol (d) —55 cal/mol 
Following enthalpy changes are given: 


a-D glucose(s) ——> «-D glucose(ag.); AH = 10.72 kJ 
B-D glucose(s) —»B-D glucose(aq.); AH = 4.68 kJ 
a-D glucose(s) ——> B - D glucose(ag.); AH =1.16kJ 
Calculate the enthalpy change in, 

a~-D glucose(s) ——> B -D glucose(s) 

(a) 14.24k3 (b) 16.56k) (c) -7.2k)  (d) 4.88kI 


Ifx and yare arbitrary extensive variables, then: 
(a) (x + y)is an extensive variable 

(b) x/ yis an intensive variable 

(c) dx/dy is an intensive variable 

(d) both (b)and (c) 


. Ifxand yare arbitrary intensive variables, then: 


(a) xy is an intensive variable 

(b) x/ yis an intensive variable 

(c) (x + y)is an extensive property 
(d) dx/ dy is an intensive property 


i 
H,(g) + 3 0,(g) —> H,0(g); AH =x 
1 
H,(g)+ 5 0,(g) —> H,0(); AH =y 
Heat of vaporization of water is: 
(ayxty (b)x-y (©) y-x (dd) -&ty) 


Which is correct about AG? 
(a) AG=AH -T AS (b) At equilibrium, AG ° = 0 
(c) Ateg. AG =~ RT log K (d) AG=AG° + RT log K 


. Dissociation of sodium azide is given by, 


NaN, —— Na + 3/2N,; 
AH for this is: 


10. 


ll. 


12. 


13. 


14, 


15. 


(a) YAH sw.) ~ AH (vans) 
(b) — AAS evan) 
Q fo] 9) 
(©) AH y wwanyy [AA ay + 4 AAs x,y] 
(d) AH (ay + 4 AM y xy) — AH avanis) 
The lattice energy of KCl is 202 kcal/mol. When KCI is 
dissolved in water 2 kcal/mol is absorbed. If the sol energies of 
K* and Cl” are in the ratio 2 : 3; then AM yyaration Of K* is: 
(a) -80 kJ/mol (b) ~120 kJ/mol 


(c) -150 kJ/mol (d) 133.3 kJ/mol 
Which is a correct relationship? 


dH] [dE] iy 
ola) lal, 


(b) Ea _ = O(for ideal gn) 


| av nR : 
c)|——| =— (for ideal gas 
Oral : ( gas) 


(d) All of the above 
The standard Gibbs free energy AG ° is related to equilibrium 
constant Kp as: 
(a) Kp =-RT log AG°— (b) Kp =[e/ RT PS" 
(c) Kp = -AG°/RT Oke’ 
For the two equations given below: 

H,(g) + 4O,(g) —> H,O() + x, kJ 

H,(g)+ 4Ox(g) —> H,0(g) + x kJ 
Select the correct answer: 
(a) x, > x5 
(c) x =x 
AE = 0, for which process? . 
(a) Cyclic process (b) Isothermal expansion 
(c) Isochoric process (d) Adiabatic process 
For a reaction to be spontaneous in neither direction, which of 
the following is/are correct regarding the closed system? 

[BHU (Mains) 2007] 

(2) (AG)pp <0 
(4) (AS )y » > 0 


(b) x, > % 
(d) x, +x, =0 


(1) (AG); p =9 

(3) (AS) y =9 
Codes: 

(a) 1, 2 and 3 are correct 
(c) 2 and 4 are correct 


(b) 1 and 2 are correct 
(d) 1 and 3 are correct 
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Assertion-Reason TYPE QUESTIONS 
Set-1 | Set-2 


€ 
"The: Guiesiicus piven’ below Gousiar OF an SAssertign? GA) and the The questions given below consist nf statements ‘Assertion’ (A) and 


‘ 
‘Reason’ (R). Use the following keys to choose the appropriate Resse) 
answer: 


(a) If both (A) and (R) are correct and (R) is the correct 


(a) If both (A) and (R) are correct and (R) is the correct 
reason for (A). 


explanation for (A). (b) If both (A) and (R) are correct but (R) is not the correct 
(b) If both (A) and (R) are correct but (R) is not the correct explana fon tot), ee 
explanation for (A). (c). If (A) is true but (R) is false. 


(c) If (A) is correct but (R) is incorrect. 

(d) If (A) is incorrect but (R) is correct. 

1. (A)The endothermic reactions are favoured at lower 
temperature and the exothermic reactions are favoured at 
higher temperature. 

(R) When a system in equilibrium is disturbed by changing the 
temperature, it will tend to adjust itself so as to overcome 
the effect of the change. 


(d) If both (A) and (R) are false. 


- (A)Enthalpy of graphite is lower than that of diamond. 


(R) Entropy of graphite is lower than that of diamond. 
(AHIMS £994) 


» (A) The enthalpy of formation of gaseous oxygen molecules at 


298 K and under a pressure. of one atm is zero. 


(R) The entropy of formation of gaseous oxygen molecules 
under the same condition is zero. (AEIMS 1996) 


. (A)Cp - C, = R for an ideal gas. 3. (A) Heat of neutralization for both HNO, and HCl with NaOH 
dE : is 53.7 kJ per mol. 
®) E = 0 for an ideal gas. (R) NaOH is a strong electrolyte/base. (AIEMS 1997) 
# 4. (A) Decrease in free energy causes spontaneous reaction. 


. (A) When hydrogen gas at high pressure and room 
temperature expands adiabatically into a region of low 
pressure, there is a decrease in temperature. 


(R) Spontaneous reactions are invariably exothermic. 
(ATLMS 1997) 


; £2: ; 5. (A) Many endothermic reactions that are not spontaneous at 
(R) Hydrogen gas at room temperature is above its inversion room temperature become spontaneous at high 
temperature. ; temperature. 

- (A)The thermodynamic factor which determines _ the (R) Entropy of the system increases with increase in 
spontaneity of a process is the free energy. For a process to temperature. (ATEMS 1998) 
be spontaneous the free energy must be —ve. ; 6. (A) The enthalpy of formation of H,O(/)is greater than that of 

(R) The change in free energy is related to the change in H,O(g). 
enthalpy and change in entropy. The change in entropy for (R) Enthalpy change is negative for the condensation reaction 
a process must always be positive if it is spontaneous. 
. (A) The Joules-Thomson coefficient for an ideal gas is zero. ‘ HOt): FAO 
7. (A) For a particular reaction, heat of combustion at constant 


(R) There are no intermolecular attractive forces in an ideal 
gas. 
. (A) As temperature increases, heat of reaction also increases 
for exothermic as well as endothermic reactions. 
(R) AF seaction Vaties according to the relation: 


AH, — AH, =ACp 
fT, -7T 


pressure (gp) is always greater than that at constant 
volume (gy ). 

(R) Combustion reactions are invariably accomplished by 
increase in number of moles. (ATIMS 1998) 


. (A) The enthalpy of both graphite and diamond is taken to be 


zero, being elementary substances. 
(R) The enthalpy of formation of an elementary substance in 


. {A)AIl exothermic reactions are spontaneous at room any state is taken as zero. 
temperature. 9. (A) Heat of neutralization of perchloric acid, HCIO,, with 
(R) AG=- ve for above reactions and for spontaneous NaOH is same as that of HC] with NaOH. 
reactions AG = ~ ve. (R) Both HCl and HC10, are strong acids. 
» (A)Efficiency of a reversible engine is 100% (maximum) 10. (A)Heat of ionization of water is equal to the heat of 


when the temperature of sink is — 273°C. 


(R) Efficiency of engine, n = gk ; 


2 


neutralization of a strong acid with a strong base. 
(R) Water ionizes to a very small extent while H* ions from 
acid combine very rapidly with OH” from base to form H,,O. 


502 | : 


11. 


12 


13. 


14, 


15S. 


16,- 


(A) Enthalpy of formation of HCI is equal to the bond energy 


of HCL. 

(R) Enthalpy of formation and bond energy both involve 
formation of one mole of HC] from the elements. 

(A) Pressure, volume and temperature are all extensive 
properties. 

(R) Extensive properties depend upon the amount and nature 
of the substance. 

(Ay When a gas at high pressure expands against vacuum, the 
work done is maximum. 

(R) Work done in expansion depends upon the pressure inside 
the gas and increase in volume. 

(A) When a real gas is allowed to expand adiabatically 
through a fine hole from a region of high pressure to a 
region of low pressure, the temperature of the gas falls. 

(R) Work is done at the cost of internal energy of the gas. 

(A) Internal energy change in a cyclic process is zero. 

(R) Internal energy is a-state function. 

(A) An exothermic process, 
temperature, 
temperature. 

(R) With decrease in temperature, randomness (entropy) 
decrease. 


may become spontaneous at low 


non-spontaneous at high 


. 47. 


18. 


19. 


- 20. 


21. 


G.R.B. PHYSICAL CHEMISTRY FOR COMPETITIONS 


(A) There is no reaction known for which AG is positive, yet it 
_ is spontaneous. 

(R) For photochemical reaction, AG is negative. 

(A)A reaction which is spontaneous and accompanied by 
decrease of randomness must be exothermic. 

(R) All exothermic reactions are accompanied by decrease of 
randomness. . 

(A) Molar entropy of vaporization of water is different from 
ethanol. 

(R) Water is more polar than methanol. 

(A) Heat of neutralization for both HNO, and HCl with NaOH 
is 53.7 kJ/mol. : 

(R) NaOH is a strong electrolyte/base. 

(A) In the following reaction: 

C(s) + 0.(g) > CO,(g);_ AH =AU-RT 
(R) AF is related to AU by the equation, 
AH = AU - An,RT 

(A) Enthalpy of graphite is lower than that of diamond. 

(R) Entropy of graphite is greater than that of diamond. 

(A) For a reaction 
2NH;(g¢)—> N,(g)+3H)(g); AH > AE 

(R) Enthalpy change is always greater than internal energy 
change. (AIMS 2008) 


- 


- (b) 
- (a) 
. (a) 
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18. 
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G.R. Be PHYSICAL CHEMISTRY For COMPETITIONS 


| owsecrive Questions) for[ rrraspirants Qo 


The following questions contain single correct option : 


1 


Tn which of the following pairs, both properties are intensive? - 
(a) Pressure, temperature (b) Density, volume 

(c) Temperature, density (d) Pressure, volume 

Although the dissolution of ammonium chloride (NH,Cl) in 


water is an endothermic reaction, even then it is spontaneous 
because: 


(a) AS =— ve (b) AS = zero 
(c)T AS.< AH (d) AS = + ve and AH < T AS 
The S—S bond energy is if AH’ (E, —S8- £,)=-147kJ/nol; 


AH'(E, -S-S-E,)=~-202 kJ/mol and AH;S(g)= +223 
kJ/mol: 
(a) 168 kJ 
(Hint: 
C,H, —S— C,H, + S(s) —> C,H, —S— S— CH, 


(b)126kI (ce) 278k. = (d) 572. KI 


AH, reaction = ZAH , (products) ~ TAH 7 (reactants) 
= (-202) - (-147) = - 55 kJ 
AF reaction = & (BE) reactants’ ~ Z(BE) products 


-55 = Heat of sublimation or enthalpy of atomisation 
of sulphur - BE(S— S) 
~55 = 223 - BE(S— S$) 
BE(S— S) = 223 + 55 = 278 kJ 
(Common bonds of reactants and products are rejected.)] 
Standard enthalpies of formation of O,,COQ,, NH, and HI are 
142.2, -393.2, ~ 46.2 and +25.9 kJ mol” respectively. The 
order of their increasing stabilities will be: , 
(a) O,, CO,, NH;, HI (b) CO,, NH;, HI, O; 
{c) O,, HI, NH;, CO, (d) NH,, HI, CO,, O; 
[Mimt: (i) Exothermic compounds are more stable than 
endothermic compounds. 
(ii} Greater is the amount of heat evolved in the formation of a 
compound, more will be its stability.] 
Combustion of octane takes place in an automobile engine. 
The homogeneous equation of combustion is: 


CyHig(g) + = O2(g) ——> 8CO,(g) + 9H,O(g) 
The signs of AH, AS and AG for the reaction will be: 
(a) +ve, —ve, tve (b) —ve, +ve, —ve 
(c) -ve, +ve, +ve _ (d) +ve, +ve, —ve 
Which among the following represents the reaction of 
formation of the product? 
(a) Cigiamonay + O2(¢ ) —> CO2(g) 
(b) S (monoclinic) = O, (g)-— SO, (g) 
(c) 2N,(g) + O(g ) > 2N,0(g ) 
(d) None of the above 
How much energy must be supplied to change 36 g of ice at 
0°C to water at room temperature 25°C? 

Data for water 


AH vaion 6.01 kJ/mol 
c. liquid 4.18] x gs 
(a) 12 kJ (b) 16kJ (c) 19kJ (d) 22 kJ 


8. 


9. 


10. 


th 


12. 


13. 


AH = AH gion of two moles + ms AT 

= 6.01% 24:36 4.18 x 25 x 107 

=16kJ] 
A-large positive value of AG° corresponds to which of these? 
(a) Small positive K (b) Small negative K 
(c) Large positive K (d) Large negative K 
Consider the values for AH° (in kJ mol!) and for AS° (in J 
mol! K~!) given for four different reactions. For which 


[Hint: 


reaction will AG° increase the most (becoming more positive) 


when the temperature is increased from 0°C to 25°C? 
(a) AH? = 50,AS°=50 — (b) AH® = 90, AS° = 20 
(c) AH® = ~ 20, AS° = — 50 (d) AH® = ~ 90, AS° = — 20 
(Hint: Use the relation, AG° = AH° —-T AS°] , 


Fe,O,(s) + : Cs) ; CO,(g) + 2Fe(s); 
AH? = +234.1kI 
C(s) + 0,(g) —> CO, (g); AH? = 393.5 kl 


Use these equations and AH ° values to calculate AW ° for this 
reaction: 
4Fe(s) + 30,{g) —— 2Fe,0,(s) 
(a) ~1648.7 kJ (b) —1255.3 kJ 
(ce) -1021.2 kJ (d) -129.4 kJ 


(Hint: 2Fe(s) + : CO,(g) —> Fe,0;(s) + 506) i) 


ae = - 234.1 kJ) 
C(s) + O,(g) —> CO,(g) (AH° =-393.5kJ) _...(ii) 
Multiplying eq. (i) by 2 and eq. (ii) by 3 and on adding both 
equations, we get: 
4Fe(s) + 30,(g) —> 2Fe,0;(s); 
AH? = (-234.1 x 2) + (-3 x 393.5) 
= 1648.7 kJ] 
Consider this equation and the associated value for AH °: 
2H,(g) + 2Cl,(g) —> 4HCI(g); AH? =-92.3kJ 
Which statement about this information is incorrect? _ 
(a) If the equation is reversed, the AH® value equals + 92.3 kJ 
(b) The four HC] bonds are stronger than four bonds in 1h and 
Cl, 
(c) The AH? value will be -92.3 kJ if HCl is prodused as a 
liquid 


(d) 23.1 kJ of heat will be evolved when 1 mole of HCI( g)'s is 
produced 


If the internal energy of an ideal cas decreases by the same 


amount as the work done by the system, the process is: 

(a) cyclic (b) isothermal (c) adiabatic (d) isolated 

The enthalpy of neutralization of a strong acid by a strong base 
is 57.32 kJ mol”!. The enthalpy of formation of water is 
~285.84 kJ mol”'. The enthalpy of formation of hydroxyl 
ion is: 

(a) +228.52 kJ mol”! 
(c) -228.52 kJ mol”! 


(b) -114.26 kJ mol! 
(d) +114.2 kJ mol! 


14. 
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[Hint: The process of neutralization is: 
H* (aq.) + OH (aq.) —> H,0(); AH® = - 57.32 kJ mol 
AP veaction = & Heat of formation of products 
~ 2 Heat of formation of reactants 
= AM p H00) TAM as cag) + MA on (ag) ! 
—57.32 = — 285.84 — (0+ x) 
x = — 285.84 + 57.32 
= — 228.52 kJ] 

For which process will AH° and AG° be expected to be most 
similar? , 
(a) 2Al(s)+ Fe,03(s) > 2Fe(s) + Al,O;(s) 


~ (b) 2Na(s) + 2H,O(/) ——> 2NaOH(aq.) + Hy (gz) 


15. 


16. 


18. 


19. 


 @E(g) 
17. 


(c) 2NO,(g) —> N,0,(g) 

(d) 2H, (g) + O,(g) ——> 2H, O0(g) 

{Hint: (a) In this reaction, AS° = 0 . 

fy AG® = AH® ~T AS® 

AG° = AH®] 

For a particular reaction, AH® = — 38.3 kJ and AS° = 113 
JK7! mol7!. This reaction is: 

(a) spontaneous at all temperatures 

(b) non-spontaneous at all temperatures 

(c) spontaneous at temperatures below 66°C 
(d) spontaneous at temperatures above 66°C 


{Hint! AG=AH-TAS — 
For spontaneous process, AG < 0. 
AH -T AS <0 
AH <T 
AS 
—38.3 x 1000 - 
KS 
, —113 
ie, T > 338.93 K, i.e, 66° C] 


Which halogen in its standard state has the greatest absolute 
entropy per mole? he fs bak 
(b)Ch(g) (BR) MdL(s) 

For which of these processes is the value of AS negative? 


_ L Sugar is dissolved in water. 


Il. Steam condenses on a surface. 

III..CaCO is decomposed into CaO and CO), 

(a) I only (b) II only 

(c) I and Ii only (d) II and III only 

When solid NH,NO; is dissolved in water at 25°C, the 


temperature of the solution decreases. What is true about the 
signs of AH and AS for this process? 


AH" AS 
(a) s + 
(b) — = 
(c) — + + 
(d) + = 


The diagram below shows the heat of reaction between N,, O., 
NO and NO): 


20. 


21. 


22. 


2NO(g) + O,(g) 


AH® =—-112 kJ 


2NO,(g) 
N,(g) + 20,(g) 
Which of the following statements pertaining to the formation 
of NO and NO, are correct? 
1. The standard heat of formation of NO, is 68 kJ mol”. 


AH® = 180 kJ 


2. NO, is formed faster than NO at higher temperature. 

3. The oxidation reaction of nitrogeri to NO, is endothermic. 

4. These two reactions often take place in troposphere and 
causes green house effect. 

5. These two reactions often take place and are responsible for 
city smog. 

(a) 1 and 2 

(e) 3 and 5 

The enthalpy changes for two reactions are given by the 

equations: 


2Cr(s) +1 ; 02(g) —> Cr,0,(s); 


(b)land3  (c)land4 (d)3 and4 


AH =—1130kJ 


Clp) + 5 Onl) — COW); AH =~-110k 


What is the enthalpy change, in kJ, for the reaction? 

3C(s) + Cr,03(s} —> 2Cr(s) + 3CO(g) 
(a)-1460 kJ (b)-800 kJ) (c)+800kI) = (d) +1020 kJ 
(e) +1460 kJ . 
[Hint: The given equations can be written as: 


Cr,03(s) —> 2Cr(s) + : 0,(g); AH = +1130kJ 


3C(s) + . 0,(g) ——> 3CO(g); AH =~330kJ 
Adding the above equations, we get: 
Cr,0;(s) + 3C(s) —> 2Cr(s) + 3CO(g); AH =+ 800KJ] 


The enthalpy change at 298 K for decomposition is given in 

the following two steps: 

Step I: H,O(g ) —> H(g)+ OH(g); 

Step II: OH(g) ——> H(z) + O(g); 

The bond enthalpy of the O—H bond is: 

(a) 498 kJ mol! (b) 463 kJ mol! 

(c) 428 kJ mol"! (d) 70 kJ mol”! 

Consider the following two reactions: 

(i) Propene + H, ——> Propane; 

Gi) Cyclopropane + H, ——> Propane; 

Then, AH, — AH, will be: 

(a) 0 (b) 2BE,_¢ — BEcic 

(c) BEpec (d) 2BE¢..¢ — BEg_¢ 

[Hint: CH,-— CH=CH, + H, —~» CH, — CH, — CH;; 
AH, = (BEg.c¢ + BEy_y) ~ (2BEc_y + BEg _c) 
CH, 


AH = 498 kJ mol! 
AH = 428 kJ mol! 


AA, 
AH, 


+H, 
AH, = (BEc_¢ + BEy_y) ~ (2X BEg_y) 


» CH; — CH, — CH; ; 
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25. 


26. 


27. 


28 


29. | 


30 


+ 


31. 
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Under which circumstances would the free energy change for 
a reaction be relatively temperature independent? 

(a) AH® is negative 

(b) AH? is positive 

(c) AS®° has a large positive value 

(d) AS° has a small magnitude 

Use the free energy change, AG° = + 63.3kj, for this reaction, 
to calculate the K,, of Ag,CO;(s) in water at 25°C : 


Ag,CO3(s) == Ag* (ag.) + COZ (ag.) 


(a) 3.2x 10°76 (b) 8x10 (c)2.9x 10% (d)7.9x 107 

Which statement(s) is/are true? 

1, S° values for all elements in their states are positive. 

2, S° values for all aqueous ions are positive. 

3. AS° values for all spontaneous reactions are positive. 

(a) 1 only (b) 1 and 2 only 

(c) 2 and 3 only (d) All of these 

The enthalpy of a reaction does not depend upon: 

(a) the intermediate reaction steps 

(b) the temperature of initial and final state of the reaction 

(c) the physical states of reactants and products 

(d) use of different reactants for the formation of the same 
product 

When a solution of $00 mL of 2 M KOH is added to 500 mL of 

2 M HCl, then the rise in temperature 7, is noted. When the 

same experiment is repeated by mixing 250 mL of each 

solution, the rise in temperature T, is noted: 

@h=% Wh=%. Oh=% OR=47, 

The heat of combustion of solid benzoic acid at constant 

volume is ~321.30 kJ at 27°C. The heat of combustion at 

constant pressure is: 

(a) ~ 321.30 — 300R 

(c) ~321.30 ~ 150R 


(b) — 321.30 + 300R 
(d) 321.30 + 900R 


[Hint: 
CHCOOH(s) + < 0(g) —> 7CO,(g) + 3H,0(/), 
An=7- sce 
2 


AH = AU + AnRT 
= — 321.30 -+ x R x 300 = — 321.30 - 150R] 


A—>B; AU = 40kJ mol! 
Ifthe system goes from A to B by a reversible path and returns 
to state A by an irreversible path, what would be the net 
change in intérnal energy? © 
(a) More than 40 kJ (b) Zero 
(c) Less than 40 kJ (d) 40 kJ 
For the process, NH3(g) + HCl(g) >» NH,CKs): 

(a) AH =+ve,AS =+ve  (b)AH =~—ve, AS =+ ve 
(c) AH =+ve,AU =-ve . (d) AH =—ve, AS =~ ve 
Match the thermodynamic properties (List-I) with their 
relation (List-ID: 

List-I 
A. Free energy change (AG°) 
B. Entropy change AS® 


List-II 
G) RT log, K 
(iit) —nFE 


32. 


33. 


34 


. 


70 b sau (din K 
Cc. AH° enthalpy change ofa (iii) RT ? | 
reaction in standard state \ aT Jp 
D. Standard free energy change (iv) - { a ; 
(AG°) dT Jp 

Select the correct answer: 

Codes: A B Cc D 
(a) (i) (ii) (iii) (iv) 
(b) (ii) (iv) (iii) (i) 
() (iv) (ii) (iii) i) 
(d) (i) (ii) (iv) (iti). 

An ideal gas is allowed to expand under adiabatic conditions. 
The zero value is of: 

(a) AT (b) AS 
(c) AG (d) none of these | 
Match the physical changes in List-I with their relations given 
in List-II: 

List-I List-II 
A. AG (i) AU + PAV 
B. AH Gi) —nFE 
c, AS? (iii) -RT log, K 
DBE (iv) nR log, F | 
ty, 

Select the correct answer from the given codes: 

Codes: A B Cc D- 
(a) (ii) (i) (iv) (iii) 
(b) (i) (ii) (iii). (iv) 
(c) (iv) (iii) Gi) (i) 
(d) | (i) (ii) (iv) (iii) 


Given the following data: 
FeQ(s) . 


2663. «87.49 


C (Graphite) 0 5.74 0 
Fe(s) 0 27.28 0 
CO(g) ~110.5 197.6 ~137.15 


Determine at what temperature the following reaction is 
spontaneous? 


FeQ(s) + C (Graphite) —— Fe(s) + CO(g) 
(a) 298 K 
(b) 668 K 
(c) 966K 
(d) AG° is +ve, hence the reaction will never be spontaneous. 


{Hint: AZ, reaction ™ Z{AH; Fe(s) + AH; cow} 
~ {AH 7 Feo(s) + A 4 Cfgraphite) } 
= (0 - 110.5) - (-266.3 + 0) = 155.8 kJ mol”! 
AS veaction = WS kes + Stow I= [Sreow Screraphite) ] 


= (27.28 + 197.6) — (57.49 + 5.74) 
= 161.65 IK" mot! 


35. 


36. 


37. 


38. 
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Pee 155.8 x1 
For spontaneous reaction, T > ae ;T> DS E10) 


AS 161.65 
T >.966 K] 
Which of the following equations has/have enthalpy changes 
equal to AH,,.4, C? 
I. C(s) + O,(g) —> CO, (g) 


IL. C(s) + : 0,(g) —> CO(g) 


IIL. CO(g)+ : 0,(g) —> CO,(g) 


(a) I and II (b) I, I and I 
(c) I and III (d) I only 
The enthalpy change of which reaction corresponds to AH, 


for Na,CO,(s) at 298 K? 

(a) 2Na(s)+ C(s) + : O,(g) ——> Na,CO;(s) 

(b) Na,O(s)+ CO,(g) —> Na,CO,(s) 

(c) 2Na* (aq.) + CO} (ag.) —> Na,CO;(s) 

(d) 2Na* (aq. )+ 20H (aq.)+CO,(aq.)—>Na,CO;(s)+H,O 


Enthalpy is equal to: (VITEEE 2007) 
af a(G/T) _n2[ G/T) 
ler a 
2| G/T) _p2| G/T) 
OF) OFF arc 
[Hint: G=H-TS (i) 
G=U+PV -TS 


AG =AU + PAV + VAP -TAS — SAT 
From the first and second laws, 
TAS = AU + PAV 
AG = VAP — SAT 


‘At constant pressure, AP = 0 


AG 3 
——=- (ii 
AT @) 
From egs. (i) and (ii), 
G=H+T Be 
AT 
OR 


-| 32] 
i) ae Y 


H --7° (G/T) | 1 
OT Ip 
When a bomb calorimeter is used to determine the heat of 
reaction, which property of the system under investigation is 
most likely to remain constant? 
(a) Number of molecules (b) Pressure 
(c) Temperature (d) Volume 


39. 


40. 


41. 


42. 


43. 


For the reaction shown, which is closest to the value of AH? 
2Cr** (aq.) + 3Ni(s) —> 2Cr(s) + 3Ni”* (aq.) 


AH; (kJ mol!) 

Cr** (aq.) ~ 143 

Ni** (aq.) 54 

(a) 124 kJ (b) 89 kJ 
(c) -89 kJ (d) -124 kJ 


An ice cube at 0.00°C is placed in 200 g of distilled water at 
25°C. The final temperature after the ice is completely melted 
is 5°C. What is the mass of the ice cube? 

(AH, = 3403 g1,C, = 4.183 g1°C") 


(a) 23.6 g (b) 46.3 g 

(c) 50.0 g (d) 800 g 

Which reaction occurs with the greatest increase in entropy? 

(a) 2H,O(/) —~> 2H, (g) + O,(g) 

(b) 2NO(g ) —> N2(g) + O2(g) 

(c) Cs) + O,(g) —> CO,(g) 

(d) By (g)+ Cly(g) —> 2BrCK(g) 

The bond dissociation energies for single covalent bonds 

formed between carbon and A, B,C, D and E atoms are: 
Bond Bond energy (kcal mol~') 


(i) C—A 240 

(ii) C—B- 382 

Gii) C—D 276 

(iv) C—E 486 
This indicates that the smallest atom is: 
(a) A (b) B ()C (d)z 
[Hint: C—E bond has highest bond energy; it means that the 


covalent bond C—E will be strongest. Smaller is the size of atom, 
stronger is the covalent bond.] 
An ideal gas is taken around the cycle ABCA as: 


Pressure —+> 


Vy 3V; 
Volume —> 
{a) 112A, (b) 6PY, (c)3Ry% AY, 
(Hint: Work done in the cyclic process 
= Area bounded (ABCA) 
7 ; x AC x AB 


1 
1 


= 520, x3P, = 3A, ] 


. One gram mole of graphite and diamond were burnt to form 


CO, gas. 
C graphite) + 02(g) ——2 CO, (g); AH® = — 399.5 kJ 
C (diamond) + O2(g) —> CO2(g), AH =—395.4 kJ 
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45, 


46. 


47. 


48. 


(a) graphite is more stable than diamond _ 

(b) diamond is more stable than graphite 

(c) graphite has greater affinity with oxygen 

(d) diamond has greater affinity with oxygen 

[Hint: Thermal stability of one isotope is directly proportional 
to the heat of combustion.] 

Which among the following is not an exact differential? 


(a) O (dO = heat absorbed) 


(b) U (dU = change in internal energy) 

(c) S (dS = entropy change) 

(d) G (dG = Gibbs free energy change) 

[Hint: Heat ‘Q’ is a path dependent function, hence its exact 
differentiation is not possible; however, internal energy, entropy 
and Gibbs free energy are state functions, hence can be 
differentiated exactly.] ; 
A gas expands adiabatically at constant pressure such that: 


1 
fac 
Be 
The value of y, i.¢., (Cp / Cy ) of the gas will be: 
{a) 1.30 (b) 1.50 (c) 1.70 (d) 2 
1 
Hint: T «—= 
Ww 
TV "2 = constant 
" For adiabatic process, TV’? = TV ~' = constant 
1 3 
-l=—,y=r 
¥ 2 y 5! 
2Zn + O, ——> 2Zn0; AG° =-—616J (i) 


2Zn + § ——> 2Zn8; AG° =—293J __... (ii) 


28 + 20, — > 280,(g); AG° =-408J._... (iii) 
AG*° for the following reaction: 
2ZnS + 30, —> 2Zn0 + 280, 
would be: 
(a) -731 J (b)~1317J (ce) +7313) (d) #13175 


[Hint: AG? = 2AGz.9 + 2AGs9, ~ 2AG ing 

=[-616 — 408] - [-293] 

=~ 1024 + 293 

=-731J] 
The efficiency of the reversible cycle shown in the figure will 
be: 


(a) 33.33% — (b) 56% (c) 66% (d) 25% 


250 


Temp. (K 
PK) 5 


1000 
Entropy JK7! —> 


Area of closed cycle 


(Hint: Efficiency of cycle = x 100 


Area under the curve 


49, 
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1 y as00 - 
2 


1000) x (250 — 150) 
=p x0 
5° (1500 ~ 1000) x (250 ~ 150) + (1500 ~ 1000) x (150 ~ 0) 


1 500 x 100 
= —_+—_____— x10 
5 % 500 x 100 + 500 x 150 


500 x 50. x 100 
500 x 50 + 500 x 150 


In Haber’s process of ammonia manufacture: 
N,(g) + 3H2(g) —> 2NH,(g); 


=25] 


' Asoc = ~ 92.2 KI 


Molecules H,(g) NH; (g) 
Cp JK? mol 28.8 35.1 

If Cp is independent of temperature, then reaction at 100°C as 
compared to that of 25°C will be: 

(a) more endothermic (b) less endothermic 

(c) more exothermic (d) less exothermic 


[Hint: Use: 727-471 ac, 


N2(g) 
29.1 


43 
Consider the following statements: 


I. Change in enthalpy is always smaller than change in 
internal energy. 


Il. The variation in enthalpy of a reaction with a a is 
given by Kirchhoff’s equation. 


Ill. The entropy change in reversible adiabatic process is equal 


to zero. 
Select the correct answer: 
(a) and II (b) Tf and Il 
(c) TT and I (d) all are correct 


In C,H,, energy of formation of (C == C) and (C—C) are -145 
kJ/mol and — 80 kJ/mol respectively. What is the enthalpy 
change when ethylene polymerises to form polythene? 


[JEE (Orissa) 2006] 
(a) +650 kI/mol (b) +65kJ/mol 
(c) — 650 kJ mol”! (d) ~65 kJ mol 


(Hint: Polymerisation of ethene may be given as: 
nCH, ==CH, —> -(CH, —CH,+; 

ag 2 (BE) reactants -2 (BE) products 

= (+145) ~ (+80) = + 65 kJ/mol] 
[Note: C—H bonds are common in both reactants and products.] 
If 150 kJ of energy is needed for muscular work to walk a 
distance of | km, then how much of glucose one has to consume 
to walk a distance of 5 km, provided only 30% of energy is 
available for muscular work. The enthalpy of combustion of 
glucose is 3000 kJ mol!: 


[PMT (Kerala) 2007] 
(a) 75g (b) 30g (c) 180g (d) 150g 
(e) 45g 


The value of log,)K fora reaction 4 =— B is: 

(Given, A, Hoge. = — 54.07 kJ mol, 

A, Ssogx = 10JK™' mol! and R= 8.314 JK mol”; 
2.303 x 8.314 x 298 = 5705) (IIT 2007) 


(a) 5 (b) 10 (c) 95 (d) 100 
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[Hint: AG° = AH® —TAS® Following questions may have more than one correct options : 


= — 54.07 x 1000 — 298 x 10 
- 570503 
AG° =—2.303 RT log,y)K 
— 57050 = — 5705 logi)K 
logig K = 10] 
54. The lattice enthalpy and hydration enthalpy of four 
compounds are given below : 


1. Which of the following are correct about irreversible 
isothermal expansion of ideal gas ? 


_ @W=-¢q (b) AU = 0 


(c) AT = 0 (QW =~ RT In 
2 


2. The work done during adiabatic expansion or compression of 


an ideal gas is given by : 


: : : nR 
‘} Lattice enthalpy | Hydration enthalpy (a)nc, AT (b) (W-D (1,-T) 
ea kJ/mol | kJ/mol) ; 
mo mol)» _TP. 
. (c) — AR Pex BA A hf, (d) — 2.303 RT log Es 
AP, V, 


Vm 
capacity at constant volume is : 


3. For an ideal gas G m= r} of molar mass M, its specific heat 


@y—% _ @_t_ @_*_ wit 
The pair of compounds which is soluble in water is : (SDM) BEG Aly ROAD) Soa 
{PET (Kerala) 2008} aap 
Hint : — = C Cym =R 
(a)PandQ (b)QandR (c)RandS (d)QandS PaiMt ee 2 Pe Cre 
(e) PandR rs Ry 
[Hint : For solubility of ionic compounds, hydration energy must Panes eS one Pn y-1 
be greater than lattice energy.] Y 
. _=c,xM 
y-1 
=] 
Vn M (y _ 1) 


C hes 


e Single correct option 


1. (c) 2. (d) 3. () 4. (c) 5. (b) 6. (d) 7. (b) 8. (a) 
9. (c) 10. (a) 11. (c) 12. (c) 13. (c) 14. (a) 15. (d) 16. (b) 
17. (b) 18. (c) 19. (e) 20. (c) 21. (b) 22. (b) 23. (d) 24. (b) 
25. (a) 26. (a) 27. (a) 28. (c) 29. (b) 30. (d) 31. (b) 32. (d) 
33. (a) 34. (c) 35. (d) 36. (a) 37. (b) 38. (d) 39. (a) - 40. (b) 
41. (a) 42. (d) 43. (c) 44. (a) 45. (a) 46. (b) 47. (a) 48. (d) 
49. (d) 50. (b) 51. (b) 52. (d) 53. (b) 54. (e) 


@ One or more than one correct options 
1. (a,b,c,d) 2. (a,b,c) 3. (b) 
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Integer Answer TYPE QUESTIONS 


9. Gas (A, ) has the ratio of specific heat, aed to 1.66. The 
value of x will be : 
10. For a liquid the vapour pressure is given by : 


logy) P = se 10 


This section contains 11 questions. The answer to each 
of the questions is a single digit integer, ranging from 
0 to 9. If the correct answers to question numbers X, Y, 
Z and W (say) are 6, 0, 9 and 2 respectively, then the 


correct darkening of bubbles will look like the given Vapour pressure of the liquid is 10° mm Hg. The value of x will 


figure : ha: 
11. One mole of an ideal gas is taken from a to b along two paths 
' denoted by the solid and the dashed lines as shown in the 
1. Abubble of 8 moles of helium is submerged at certain depth in graph below. If the work done along the solid line path is w, 
water. The temperature of water increases by 30°C. How much and that along the dotted line path is wy, then the integer 
heat is added approximately to helium (in kJ) during closest to the ratio w, / w, is: 
expansion? 


2. Fora liquid, enthalpy of fusion i is 1.435 kcal mol’ and molar 
entropy change is 5.26 cal mol”! K7!. The freezing point of 
liquid in celcius will be : 


3. For the reaction, Ag,O(s) == 2Ag(s)+ 502 (g) 


— 
AH, AS and T are 40.63 kJ mol!, 108.8 1K mol! and = & 
373.4 K respectively. Free energy change AG of the reaction = 
will be: 
4, Standard Gibbs Free energy change AG® for a reaction is zero. 
The value of equilibrium constant of the reaction will be: 
5. AG® for the reaction x+ y == z is - 4.606 keal. The value of 
equilibrium constant of the reaction at 227°C is (x x 10 ), The (0.0 05 10 15 20 25 3.0 35 40-45 50 55 60 
value of ‘x’ is : : V (lit) 
6. 4.48 L of an ideal gas at STP requires 12 cal to raise the 
’ temperature by 15°C at constant volume. The Cp of the gas is (IIT 2010) 
oe cal. [Hint : w, = work done along dotted line 
. = DPAV 
=4xL5+1xl+ 25x> = 8.65L atm 
{ w, =It is reversible isothermal process 
P 
| | = 2.303nRT ie 2) 
7 a V, 
| . , Mo 
: = 2303 x (PV) log| 2 
v1) 
ee = 2303 x 2log>> = 4.79 L atm 
In the present graph, the area of circle A and B are 25 unit and : : oo 
20 unit respectively. Work done wel DO seecsssevee unit. wy 8.65 _ 1 
$.. For the reaction, : 5 w. 4.79, 


N>(g)+3H,(g) ——> 2NH;(g) 


Heat of reaction at constant volume exceeds the heat of 
reaction at constant pressure by the value of xRT. The value of 
xis: 


4. (3) 2. (0) 3. (0) Le 5. (1) 6. (6) (5) 8. (2) 
9. (1) 40. (9) 14. (2) 
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e Passage 1. 


Chemical reactions are invariably associated with the transfer of 
energy either in the form of heat or light. In the laboratory, heat 
changes in physical and chemical processes are measured with an 
instrument called calorimeter. Heat change in the process ‘is 
calculated as: 


g=ms AT; 
= cAT; c = Heat capacity 


s = Specific heat 


Heat of reaction at constant volume is measured using bomb 
calorimeter. 


gy = AU = Internal energy change 


Heat of reaction at constant pressure is measured using simple or 
water calorimeter’ * 


9p = AH 
Gp = Gy + PAV 
AH = AU + AnRT 


The amount of energy ‘released during. a chemical change 


. depends .on the physical state of reactants and products, the 


condition of pressure, temperature and volume at which the reaction 
is carried out. The variation of heat of reaction with temperature and 
pressure is given by Kirchhoff’s equation: 


SHSM KG: AU, — AU, ZAC 
1, ~T, h- - 
(At constant pressure) (At constant acid 


Answer the following questions: 
1. Match the List-I with List-II and select the answer from the 
given codes: 


List-I List-II 
A. C(s)+ O,(g) —> CO, (g) 1. AH = AU + RT 
B. N,(g) + 3H,(g) > 2NH,(g) 2. AV = AU 
C. NH,HS(s) —> NH;(g) + H,S(g) 3. AH = AU — 2RT 
D. PCI;(g) > PCI,(g)+Cl,(g) 4. AH = AU + 2RT 
E. 280,(g¢)+ 0,(g¢)——> 280;(g) 5. AH = AU - RT 


Codes: A B Cc D E 
(a) 1 2 3 4 5 
(b) 5 2 3 4 1 
(c) 1 ae 4 2 5 
(d) 2 3 4 1 5 


2. The heat capacity of a bomb calorimeter is 500. J/K. When 
0.1 g of methane was burnt in this calorimeter, the temperature 
rose by 2°C. The value of AU per mole will be: 

@tik] (b)-lkI (c)+160kI = (d)-160 kJ 
3. For which reaction will AH = AU? Assume each reaction is 
' carried out in an open container: 
(a) 2CO(g) + O2(g¢) —-> 2C0,(g) 
(b) Hy(g) + Br(g ) > 2HBr(g ) 
(c) C(s) + 2H,O(g ) —> 2H, (g)+ CO, (g) 
(d) PCIs(g¢) —> PCl;(g) + Ch (g) 


4. What value of AT should be used for the calorimetry 


experiment that gives the following graphical results? 


Time (min) —» 


(c) 20°C 
. The enthalpy of fusion of ice is 6.02 kJ mol™!. The heat 
capacity of water is 4.18 J g! C7!. What is the smallest 
number of ice cubes at 0°C, each containing one mole of 


water, that are needed to cool 500 g of liquid water from 20°C 
to 0°C? 


(a) 10°C (b) 25°C (d) 35°C 


(a) 1 (b+)7 14 (d) 125 
[Hint: Heat released to cool 500 g water from 20°C to 0°C, 
g=ms AT 


= 500 x 4.18 x 20 = 41800 J = 41.8 kJ 
Number of moles of water (ice) that will melt to absorb 41.8 kJ 


.. Number of cubes of ice that will-melt = 7] 


. The enthalpy change (AH ) for the reaction, 


N,(g) + 3H,(g¢) — 2NH;(g) 
is —92.38 kJ at 298 K. The internal energy change AU at 298K 
is: (ATIMS 2006) - 


(a) -92.38 kI (b) -87.42 kJ (c) -97.34 kJ (d) -89.9kJ 


[Hint: An,=2-4=-2 
AH =AU + An, RT 
AU =AH - An, RT 
=~ 92.38 x 1000 - (-2) x 8314 x 298 - 
= ~87424 J = - 87.424 kJ] 


. The specific heat of 1, in vapour and solid state are 0.031 and 


0.055 cal/g respectively. The heat of sublimation of iodine at 

200°C is 6.096 kcal mol”!. The heat of sublimation of fodine 

at 250°C willbe: _ 

(a) 3.8 kcal mol 

(c) 2.28 kcal mol”! 

[Hint = 1,8) == Lg) | 
ACp = (0.031- 0, 055) x 10° x 254 


(b) 4.8 kcal mol”! 
(d) 5.8 kcal mol”! 


ee Ke: 
T, = T, ¢ * % 
a ~— = (0.031 — 0.055) x 1073 x 254 


AH, = 5.79 kcal mol ] 
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e Passage 2 err ere, a oo 


In a chemical reaction, the bids of reactants are pe despiapaien 


and new bonds of products are formed. The amount of energy 
required to break a particular bond in a gaseous molecule under 
standard conditions homolytically is called the standard bond 
dissociation enthalpy of that bond (AH 5 _g)- 

Bond energies can be used to obtain an approximate value for a 


reaction enthalpy of a gas phase reaction if the appropriate 


enthalpies of formation are not available. 
oO 


AH veaction = = Bond energy of bonds, broken in the reactants 
— 2 Bond energy of bonds, formed in the products 
Bond energy depends on three factors: 
(a) Greater is the bond length, lesser is the bond energy. 
(b) Bond energy increases with the bond multiplicity. 
(c) Bond energy increases with the electronegativity difference 
_between the bonding atoms. 
Answer the following questions: 


1. Arrange N—-H, O-——-H and F—H bonds in the decreasing order 
of bond energy: 


(a) F—H > O—H>N—H (b)O—H > N—H>F—H™ 
(c) N—-H > O—H>F—H (d)F—H 3 N—H > O—H 
2. X, represents halogen molecule. Bond energy of different 
halogen molecules will lie in following sequences: 
(a) F, > Cl, > Br >, (b) Cl, > Br > F, > i, 
({c) 1, >Cl, > Br >], (d) Br, > F, > 1, > Cl, 
[Hint: Bond energy of F, is surprisingly low due to strong 
repulsion between the lone pairs of two fluorine atoms.] 
3. Which among the following sequences is correct about the 
bond energy of C—C, C=C and C=C bonds? 
{a)C = C>C = C>C— C(b) C= C<C = C<C—C 
(c) C = C>C = C>C— Cd) C = C>C—C>C=C 
4. In-CH, molecule, which of the following statements is correct 
about the C—H bond energy? 
(a) All C—H bonds of methane have same energy 
(b) Average of all C—H bond energies is considered 
(c) Fourth C—H bond requires highest energy to break 
(d) None of the above 
5. Use the bond energies to estimate AH for this reaction: 
H)(g) + O.(g) —> H,0,{g) 


436 kJ mol! 

142 kJ mol”! 

499 kJ mol! 

460 kJ mol”! 
(a)-127kJ (b)-209kJ._ (ce) 484k] = (d) -841 kJ 

6. The heat of formation of NO from its elements is +90 kJ mol”. 
What is the approximate bond dissociation energy of the bond 


in NO? 

BEyen =941kI mol! BEg—9 = 499k} mol! 
(a) 630 kJ mol! (b) 720 kJ mol! 
(c) 760 kJ mol™ (d) 810 kJ mol! 
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eo » Passage 3. 


~The change in Gibbs fee enerey (AG) of the system alone 
provides a criterion for the spontaneity of a process at constant 
temperature and pressure. A change in the free energy of a system at 

constant temperature and pressure will be: 
AG ystem = = AH system -T AS 


At constant temperature and pressure: 


system 


AG stem < 9 (spontaneous ) 
AG yg stem = 9 (equilibrium) 
AG gyctom > 0 (non - spontaneous) 


Free energy is related to the equilibrium constant, as: 
AG® = 2,303RT logy) K 


Answer the following questions: 


1. The free energy for a reaction having AH = 31400 cal, 
AS = 32cal K™ mol” at 1000°C i is: { JEE (Orissa) 2005) 
(a) -9336 cal (b) -7386 cal (c)-1936 cal (d) +9336 cal - 


2. For a spontaneous reaction AG, equilibrium ‘K’ and E>, will 


be respectively: (AIEEE 2005) 
{a) -ve, > 1, +ve (b) +ve, > 1, —-ve 
(c) -ve, < 1, —ve . (d) -ve, > 1, -ve 


3 


ey 


For a system in equilibrium, AG =0, under conditions of 
constant........ : (KCET 2005) 
(a) temperature and pressure (b) temperature and volume 
{c) pressure and volume - (d) energy and volume 
4. If both AH and AS are cade the reaction will be 
spontaneous: 
(a) at high temperature (o) at low temperature 
(c) at all temperatures (d) at absolute zero 
5. A reaction has positive values of AH and AS. From this you 
can deduce that the reaction: 
(a) must be spontaneous at any temperature 
(b) cannot be spontaneous at any temperature 
({c) will be spontaneous only at low temperature 
(d) will be spontaneous only at high temperature 
For a reaction to be spontaneous at all temperatures: 
(a) AG — ve, AH + ve and AS + ve 
-(b) AG + ve, AH ~ ve and AS + ve 
(c) AG — ve, AH ~- ve and AS ~ ve 
‘(d) AG — ve, AH — ve and AS + ve 
3 moles of CO, gas expands isothermally against external 
pressure of 1 bar. Volume increases from 10 L to 30 L respectively. 
The system is-in thermal contact of surroundings at temperature 
15°C. Entropy change in isothermal process is: 


AS.= 2.303 nk log (2 | 
é be 9 ae 


a 
‘ 


Answer the following questions: 
7. If CO, behaves like an ideal gas, then, ‘entropy mene of 


system (AS sytem ) will be: 
(a) +274 IK"! (b) mae 
(c) -27.43K" (d) -9.1K7! 
8. Select the correct relation: as 
(2) AS stem > 0 AS gu, =O (b) AS yup, <0, AS stern > 0 
(©) AS seem = 0, AS ay, =9 (d) AS gu, > 0, AS Siem < 9 


system 


CHEMICAL THERMODYNAMICS AND THERMOCHEMISTRY 


e Passage 4 


Consider the following energy level diagram:, 


6C(s) + 6H,(g)+ 90,(g) 


. Colly0g + 60,(g) 


6CO,(g) + 6H,0(1) 


Answer the following questions on the basis of the given 


diagram: 
1. The heat of formation of glucose is: : 
(a)-x (bY - yy (c)x-y (d)-x+z 
2. In the given diagram z refers to: bt 
(a) 6x AA; co, (0) AHF cot 05 
(©) AH combustion CoH 105 (d) AX, Sots ci t AH Hw 
3. The quantity yis equal to: 
(a) AH, combustion ae + AH, combustion H2(g) 
(b)x+z 
(c)x=z | 
(d) AH; co, + Ayo 
4. Select the incorrect statement(s): 
(a) combustion of glucose is exothermic process 
(b) standard state of glucose is C5H,,0¢(s) 
(c) heat of forination. of glucose = Heat of combustion -of 
glucose 
(d)x+y=z 
e Passage 5 
f | 
@ | 
5 
$s TOL 
i 
i 
200K —° 400K 


Temperature ——» 


Graph for one mole gas 


Answer the following questions based on the above diagram: 
1. Process, A ——> B represents: 


(a) isobaric (b) isochoric (c) isothermal (d) adiabatic 


2. The pressure at C is: 


(a) 3.284 atm (b) 1.642 atm (c) 0.0821 atm(d) 0.821 atm 


3. Work .one in the process C ——> A is: 


(a) zero 
(c) 16.2 L atm 


(b) 8.21 L atm 
(d) unpredictable 


4. 


5. 
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The process which occurs in going from, B —- C is: 

(a) isothermal (b) adiabatic (c) isobaric - (d) isochoric 
The pressures at A and B in the atmosphere are respectively: 
(a) 0.821 and 1.642 (b) 1.642 and 0.821 

(c) 1 and 2 — (d) 0.082 and 0.164 


e Passage 6 


The thermodynamic property er measures the extent of 
molecular disorder is called entropy. The direction of a spontaneous 
process for which the energy is constant is always the one that 
increases the molecular disorder. Entropy change of phase 
transformation can be calculated using Trouton’s formula 


\ 
[as = ~ | .dn the reversible adiabatic process, however, AS will 


be zero. The rise in temperature in isobaric and isochoric conditions 
is found to increase the randomness or entropy of the system. 


AS = 2.303C log (f,/T)) 
C=Cp orC, 


Answer the following questions: 


1. 


(Cy Rind 


The entropy change in an adiabatic pieces is: 

(a) zero 

(b) always positive 

(c) always negative. 

(d) sometimes positive and sometimes eeanaive 

If, water in an insulated vessel at—10°C, suddenly freezes, the ; 
entropy change of the system will be: 

(a)+10JK! mol?! . 


_(b)-10J K7 mot! 


(c) zero . 

(d) equal to that of dceNnauigs ; 

The melting point of.a solid is 300 K and its latent heat of 
fusion is 600 cal moi™!. The entropy change for the fusion of 1 


mole of the solid (in cal K~') at the same temperature would 


be: we 7 are 
(a) 200 -(b)2 (c) 0.2 (d)20 
For which of the following cases AS = me 


(a) A process for which AC, = 
(b) An adiabatic process — 
(c) An isobaric or isothermal process 

(d) An isothermal reversible phase transition process 

When 1 mol of an ideal gas is compressed to half of its 
volume, its temperature becomes double; then the change in 
entropy (AS ) would be: 
(a)C, In 2 


Obut AC, = 


(b) Cp In 2 
(d) (Cy - R) In 2x Ep 


(Hint: AS = 2.303Cp logyg (7) 
2 


1 (K 1 
=Cp In Cp In 
= (E- . (73) 


=Cp in, 2} 
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‘@ Passage 7 


The pressure-volume behaviour of various thermodynamic 
processes is shown in graphs: 


t isobaric 

‘ oO 

. 3 Isothermal 
g 

ee Adiabatic 


Isochoric 


- Volume —» 


Work is the mode of transference of energy. If the system involves 
gaseous substance and there is difference of pressure between system 
and surroundings, such a work is referred to as pressure-volume 
work (Wpy = — P. AV). It has been observed that reversible work 
done by the system is the maximum obtainable work. 

Wrey > Wiry 

The works of isothermal and adiabatic processes are different 

' from each other. 


Wisothermal reversible = 2-303MRT logyo (2) = 2.303nRT logy, (2) 
‘ . 2 iT 2 


Wadiabatic reversible ™ Cy (7, ~T, 2) 


Answer the following questions: 
1. Ifw,,w.,w, and w, are work done in isothermal, adiabatic, 
’ isobaric and isochoric reversible processes, then the correct 
sequence (for expansion) would be: 
(a) W, > W2 > Wy > Wy (b) w; > Ww, > Ww, > Wy 
(Cc) Ww, > W2 > WwW, > Wy (d) w; > wp > Ww, > Wy 
(Hint: w= Work done = Area under curve.] 
‘2. A thermodynamic system goes in acyclic process as 
_ Tepresented in the following P-V diagram: 


—> 


Pressure 


Volume —> 


G.R.B. PHYSICAL CHEMISTRY FOR COMPETITIONS 


The net work done during the com, ... cycle is given by the 
area: 

(a) cycle ACBDA 

(b) AA, B, BDA 

(c) AA,B,B 

(d) half of area bounded by curve 


. P-YV plots for two gases during adiabatic processes are given 


in the given figure: ey 


Pressure ——> 


Volume ——» 


Plot A and plot B should correspond to: 
(a) He and O, (b) He and Ar (c) O, and He (d) O, and F, 
[Hint: Slope of the adiabatic curve « ¥ 
Slope of B > Slope of 4 
He (y = 1.66); O, (y = 1.44) 
Thus, correct answer will be (c).] 


. The qg value and work done in isothermal reversible expansion 


of one mole of an ideal gas from initial pressure of 1 bar to 
final pressure of 0.1 bar at constant temperature 273 K are: 
(a) 5.22 kJ, ~5.22 kJ (b) -5.22 kJ, 5.22 kJ 
(c) 5.22 kJ, 5.22 kJ (d) —5.22 kJ, —5.22 kJ 
(Hint: w=-2.303nRT log (4) 
P, 
=~ 2.303 x 1 x 8.314 x 273 log (=) 
=~-5,227kI 
g =~ w=+5.227k] for isothermal process] 


. Calculate work done when 1 mole of an ideal gas is expanded 


reversibly from 20 L to 40 L at a constant temperature of 
300 K. 


(a)7.78kKI  (b)-1.73KJ (13K @—4.78KI 


CHEMICAL THERMODYNAMICS AND THERMOCHEMISTRY 515 


Passage 1. 


30) 


1.) 2. (d) 4, (c) 
Passage 2. 1. (a) 2, (b) © . 3. @) 4. (b) 
Passage 3. 1. (a). 2. (a) ~3. (a) 4. (c) 
Passaged; 1. @) 2). 3.) (Od) 
Passage 5. 1.(0) - + 2% (b)- 3. (b) 4. (c) 
Passage 6. 1. (a) 2.) : 3. (b) 4. (d) 
Passage 7. 1@- 2) as ©) 4, (a) 


Straight Objective Type Questions 


. 3 


cv) SELF ASSESSMENT @ 


0) 6). @) 


5.(a) «6. (a) 
aC a <a 7, () 8. (b) 
5. (a) 
“-§. (db). 
5. (b) 


~ ASSIGNMENT NO. 7 


SECTION-! 


This section contains 10. multiple choice questions. Each 


question has 4 choices {a), (b), (c). and (d), out of which only 


one is correct. 


. Reaction of silica with mineral acids may be given as: 


SiO, + 4HF ——> Sif, + 2H,0; _AH = - 10.17 keal 
‘SiO, + 4HCl-——> SiCl, + 2H,O; © AH =+36.7kcal 

which among the following is correct? , 

(a) HF and HCI both will react with silica 

(b) Only HF will react with silica penn tte 


-(c) Only HCI will react with silica 


(d) Neither HF nor HCl-will react with silica = ~~ 

{Hint: Exothermic reactions are‘spontaneous}] ~ 

In Mayer’s relation, _ 

Cp -Cy, =R 

‘R’ stands for: ; , 

(a) translational kinetic energy of | mol gas © 

(b) rotational kinetic energy of 1 mol gas 

(c) vibrational kinetic energy-¢ of. 1 mol gas’ 

(d) work done to increase the temperature of 1 mol gas by 
one degree — 


[Hint = PV = ‘RT "(For I'mol gas) (i) 
PY +AV)= REED § ok ae ee 
From nee (i)-and (ii) be he 
' > PAV =R. 
Le, W=R iat dene). 
: For an ideal. gas, the Joule-Thomson coefficient i is!’ 
» (a) zero - -(b) positive 


(c) negative (d) depends on atomicity of gas 


. Entrory change in reversible adiabatic process is: 


(a) infinite (b) zero 


V. \ 
(d) equal to nR In G | 


(c) equal to C, AT 
: 1s 


5. Fora process to be in equilibrium, it is necessary that: 


(a) AS system — AS sure (b) AS system ~ AS sur 
(c) AS ste =0 (d) AS, = 0 


i. Predict th the sign of AS for each of the following processes, 


which occur at constant temperature: 
I. The volume of 2 mol of O,(g ) increases from 44L to 54L. 
Il. The pressure of 2 mol of O,(g) increases _ | atm to 
1.2atm : “ 


a | err ae 

(a)AS =-ve -- AS =~ ve 
(b) AS =— ve AS =+ve. 
(c) AS = + ve. AS = — ve 
(d) AS =+ve~ AS = +ve 


. Which of the following statements must Re true for the entropy 


of a pure solid to be zero? 
I. The temperature must be zero ketvie 
II. The solid must bé perfectly crystalline 
III. The solid must be an element 
IV. The solid must be ionic 
(a) I. aes (b) I and I 
(c) I, If and Ti] : (d) All'are. correct ©: 


. Which of the following statements is correct? _ 


(a)Slope of adiabatic P~V curve is smaller than that in 
isothermal one 

(b)Slope of adiabatic P—V. curve will be same as that in 
isothermal one 

(c)Slope of adiabatic P~—V curve be be larger than in. 
‘isothermal one 

(d)Slope of adiabatic P —V curve will be zero 


: & } “for an ideat'gas.is equal to: 
ae ae 
@ro SET GF (@nRAT 


ees . G.R.B. PHYSICAL CHEMISTRY FOR COMPETITIONS 


10. A refrigerator is s used to remove heat from enclosure at 0° Cat 


the rate of 600 watt. If the surroundings temperature, is 30°C, Shs 


~ SECTION a 


~ Galculate the power ‘needed: Assertion-Reason Type Questions ; 
* (a) 303 watt “(b) 11000 watt This section contains 5 questions. Bach question. contains 
(c) 65.9 watt. (d) 110 watt - Statement-1 (Assertion) and Statement-2 (Reason): Each 
question has following 4 choices (a), (b), (c) and (d),, out of 
which only one is correct. 
SECTION-II 


Multiple Answers Type Objective Questions 


ot 
w 


@qtw 


(a) Statement-1 is true; statement-2 is true; statement-2 is a 
correct explanation for statement-1. 


11. AU will be zero for which processes? (b) Statement-| is true; statement-2 is true; statement-2 i is not a 
(a) Cyclic process (b) Isothermal expansion correct explanation for statement-1. 
(c) isochoric process (d) Adiabatic process (c) Statement-| is true; statement-2 i is false. 
12. Ifxand yare two intensive variables then: (d)Statement-| is false; statement-2 is true. a 
(a) xy is an intensive variable 19. Statement-1: Most of the combustion reactions are 
- exothermic. 
b) — is an intensive variable Because . 
(b) ge 
ae <2 Stateniér ta: Products are more stable than reactants in 
(c) (x + y/is an intensive variable exothermic process. 
@ Oa ae ia property 20. Statement-1: There is no exchange in ‘iveinat energy in a 
dy " “ eyclic process. 
13. Which of the following expressions is/are correct for ; Because 
adiabatic process? Statement-2: In .a syglic. sprocess, the system returns to 
y yr) 7 yy original state in a iumber- of: steps: é 
@2 2=(f a wa 2 2-( 2 pat 21. Statement-1: The value of enthalpy of neutralization of weak 
V, ; T, acid and strong base is always numerically less than 57.1 kJ. 
oor = AY," @) me = By, 3 MR ene ee 
14. Select the state functions among the following: Statement-2: All the OH” ions furnished by pga 
(a) temperature (b) entropy equivalent of strong base are not completely neutralized. 
(c) work (d) enthal 22. Statement-1: Heat of solution is positive when 
: ie Na,SO,-10H,O is dissolved in water but it is negative when 
15. Select the correct expressions among the following: anhydrous CuSO, is dissolved in water. 
(a) AG~ AH _ Car (b) AG. AH _ kes | .  Beeause 
. T or r or |, Statement-2: Molar masses een 10H,0 nd CuSO, are 
(c) AS _ (a (d) (5 or aN ae & J different. 
nF or OP jy Cp 23. Statement-1: The . extensive property of a enue pure 
16. Which of the following are correct for an ideal. gas? - substance depends upon the number of moles of the substance 
present. 
(a) (7) =0 - (b) (=) = Because 
Vit - : P Tr Statement-2: Any extensive property expressed per mole 
©) ( or ) ai @ ( oP 0 becomes intensive. 
OP Je aT }y 
17. The ee equation may be given as: . ” SECTION- IV 
(a) lo P| pS Rimes Matrix-Matching Type Questions 
Sle)” 2303R| 7, F 
1 : a This section contains 3 questions. Each question contains 
( dP _ AS statement given in two columns which have to be matched. | 
dT AV Statements (a, b, c and d) in Column-I have to be matched with 
dP oq statements (p, q, r and s) in Column-II. The answers to these 
(c) aT TA y questions have to be appropriately bubbled as illustrated in the 
dP AV following examples: 
(d) — = — If the correct matches are (a-p,s); (b-q,r); (c-p,q)} and (d-s); 
aT AS ar then correct bubbled 4 x 4 matrix should be as follows: 
18. Which of the following is/are not state function? a a 
{a)q (b)q-w 


oh enema pe ene BN NNN RNA TSS 


ANOCHEMISTAY bg . | iu 


25. “Match the List-1 ‘with List- II and select the correct. answer 


from the given codes: 
List-I ” Listll 
(Thermodynamic properties). © (Expression) © 
MAG - | (A)-RT log, K 
ect a 5 din K’ 
Tl) AH? - (B) RF? | ——| . 
a) () ear 
- (I) AS (C) nFE 
-_ OAG | - 
TV) AG® . 
(Iv) | | (D) - | 
List-I List-II Codes: 
oT (a) I-C, II-B, M1I-D, IV-A 
(a) z= (p)V (b) I-B, II-C, II-D, IV-A 
ca (c) I-A, II-B, HI-C, IV-D 
(b) (=) (qT (@) -D, II-A, III-B, IV-C 
: Tr 26. Match the List-I with List-II: 
0(%) Se CS . List-I iste 
aG (a) Perfectly crystalline solid (p) AU =0 
wf) om _ yang wid (®) AU = 0 
OT Jp < . (b) Reversible reaction at . (q) 7 = constant’ - 
_ equilibrium oe: nae 
(c) Isothermal process () Lim S—+0 
; : T— 0K 
. (aG & : fe 
(d) (s2\--s es . (s) AS wriverse =Q 


LO) 2@ 3@ 40 © 50 60 7.0) = -& ©) 


9. (a) 10. ©) 11. (a, b) "12. (a,b, d) 13. (a, ) 14. (a,b,d) 15. (a,c,d) —‘'16. (a,b,c) 
17. (a,b,c) 18. (a,b,c) «19. (a) 20. (a) 21. (c) 22.(c) - 23. (b) 


24, (a-s)(b-p)(c-q)(d-r) 25. (@) 26. (a-r) (b-s) (c-p, q) (d-q) 


Number of pairs of molecules: 


‘8.1. INTRODUCTION 


Thermodynamics deals with the feasibility re a chemical change. 
The free energy change, AG, of a reaction helps us to understand 
whether the reaction will occur or not. Even though there may be 
decrease in free energy but reactants do not always form the 
products instantaneously and actual rate of the reaction may vary 
from extremely slow to very fast. Thermodynamics is concerned 
only with initial and final states of reacting systems but offers no 
explanation about the various stages through which the reactants 
pass to reach the final state. This leads to following questions 
concerning chemical changes. 

(i) How fast do the chemical reactions go? 

(ii) How can the speed of the reaction change? 

(iii) What intermediate steps, the reactants follow to reach the 
final state of products, i.e., the mechanism of the reaction. 

The branch of physical chemistry which deals with the rate at 
which the chemical reactions occur, the mechanism by which the 
chemical reactions take place and the influence of various factors 
such as concentration, temperature, pressure, catalyst, etc., on the 
reaction rates, is called the chemical kinetics. 

Different chemical reactions occur at different rates. On the 
basis of rates, the chemical reactions are broadly divided into 
three categories: 

{a) Very fast or instantaneous reactions: These reactions 
are so fast that they occur as soon as the reactants are brought 
together. Generally, these reactions involve ionic species and thus 
known as ionic reactions. These reactions take about 10°'* to 


107'® seconds for completion. It is almost impossible to 


determine the rates of these reactions. Some such examples are: 
(i) Precipitation of AgCl when solutions of silver nitrate and 
sodium chloride are mixed. 


AgNO, + NaCl —— AgCl + NaNO, 


(ii) Precipitation of BaSO, when solutions of barium chloride 
and sulphuric acid are mixed. 


BaCl, + H,SO, — BaSO, + 2HCI 


(iii) Neutralisation of an acid with a base when their aqueous 
solutions are mixed. 


HCl + NaOH ——. ‘NaCl +H,0 


Acid Base 

(b) Very slow reactions: There are certain reactions which 
are extremely slow. They may take months together to.show any 
measurable change at room temperature. It is also difficult to 
study the kinetics of such reactions. 

Some examples are: 

(i) Reaction between hydrogen and oxygen at room 
temperature. 

Room temperature 


2H, +O, 2H,O (Very slow reaction) 


(ii) Reaction of atmospheric H,S on basic lead acetate. 
Atmospheric 
White basic lead acetate paint ——————»_ Blackening 
: HS 
of paint occurs very slowly 
(due to formation of PbS.) 
(iii) Reaction between carbon and oxygen. 


Reom temperature 
C+0, ————> C0, 


Carbon and oxygen are thermodynamically less stable than 
CO, at 298 K, yet coke does not spontaneously catch fire in air 
and remains unreacted even for years. 

(iv) Reaction between carbon monoxide and hydrogen. 


C64 2H, a, CHoH 


The reaction is thermodynamically feasible at 298 K but in 
actual practice the reaction proceeds infinitesimally slowly. 

(v) Rusting of iron occurs very slowly. 

{c) Moderate reactions: Between the above two extremes, 
there are a number of reactions which take place at moderate and 
measurable rates at room temperature and it is these reactions 
which are studied in chemical kinetics. Mostly these reactions are 
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molecular in nature. Some common examples of such type are 
given below: 
(i) Decomposition of hydrogen peroxide, 
2H,0, —>2H,0+0, 
(ii) Decomposition of nitrogen pentoxide. 
2N,0, —— 2N,0, + 0, 
(iii) Hydrolysis of an ester. — 
CH,COOC,H, + NaOH —> CH,COONa + C,H,OH 


Ester Sodium acetate 
(iv) Inversion of cane sugar in aqueous solution. 
C,2Hy,0,, + H,O—> Cg Hj20¢ + CgHy20¢ 


Cane sugar Glucose Fructose 
(v) Reaction between nitrogen dioxide and carbon monoxide. 
NO, + CO—— NO+ CO, 
(vi) Reaction between ferric chloride and stannous chloride. 
2FeCl, (aq) + SnCl,(aq.) —> 2FeCl,(aq.) + SnCl4(aq.) 
(vii) Decolourisation of acidified potassium permanganate 


with sodium oxalate. 
(viii) Reaction between nitric oxide and chlorine. 


NO+ Cl, —>NOCI, 


The chemical reactions can be slowed down or speeded up by 
changing conditions under which they occur. For example, very 
slow reaction, CO + 2H, ——> CH,OH, can be speeded up by 
maintaining temperature around 400°C, pressure about 300 
atmospheres and using a catalyst containing ZnO and Cr, 0,. The 
decay of food articles can be slowed down by preserving them in 
refrigerators. There are two principal reasons for studying 
chemical kinetics. 

(i) To predict the rate of a particular reaction under 
specified conditions: The conditions can be adjusted to make 
the reaction to go at a desired rate, either rapidly or slowly or 
moderately. The field of chemical kinetics is useful in industry as 
the conditions for maximum yields of industrial products can be 
ascertained. 

(i) To predict the mechanism of the reaction: The 
intelligent guess regarding various elementary processes 
responsible for the formation of products can be made which 
should be consistent with experimental data. 


8.2 RATE OF REACTION (Average and 
Instantaneous Rate) 


We are all familiar with processes in which something changes 
with time. Rate is usually expressed as the ratio of the amount of 
change in some quantity to the time required to Pees that 
change. 

Change in some quantity _ AX. 


Rate = ——________________ 
Time taken for the change “At 


The term AX means X final ~” * initiay ANd AZ is the amount of 
time elapsed. For example, a car driver starts his journey at 9.0 
a.m. with odometer reading x miles. At 11.0 a.m. he reaches his 


destination. The odometer reading at destination is y miles. The* 
rate of his travel can be calculated as: ; e 


Rate = A(distance) _ distance, — distance ;,,, 
A(time) time) — time; 
=> YX miles br”! 
11.0-9.0 2 


The above example indicates that the car has been driven with 
uniform rate but actually it has been driven sometimes faster and 
sometimes slower depending upon the conditions of the road. 
Thus, the overall rate is an average rate and the rate at which the 
car was moving at any instant, i.¢., instantaneous rate was 
changeable. , 

The rate measured over a long time interval is called 
average rate and the rate measured for an infinitesimally 
small time interval is called instantaneous rate. 

In a chemical change, reactants and products are involved. As 
the chemical reaction proceeds, the concentration of the reactants: 
decreases, i.e., reactants are consumed and the concentration of 
products increases, i.¢., products are produced.. The rate of © 
reaction (average rate) is defined as the change of . 
concentration of any one of its reactants (or products) per 
unit time. 

Average rate of reaction, 

_ Change of concentration of one of the reactants or products 


Time taken for the change 
Consider a common hypothetical reaction, 
A—-B 
The average rate of reaction may be expressed either in terms” 
of decrease in concentration of A (reactants) or in terms of 
increase in concentration of B (product). 
Decrease in concentration of A 


Average rate of reaction = — 
Time taken 


Increase in concentration of B 


or Average rate of reaction = - 
Time taken’ 


The concentrations of reactants or products are expressed as 
number of moles per litre. The symbol for the molar 
concentration consists of the formula of the substance enclosed in 
bracket. The symbol [4] stands for the molar concentration of A. 
The symbol A[A], therefore, stands for the change in molar 
concentration of A. 

The rate of decrease or increase in the concentration er 
reactants or products may also be expressed in terms of'change in 
their concentration during the time interval, Af, as: 


Average rate of reaction = a4 
or. Average rate of reaction = + ate 


(A negative sign placed before a reaction rate symbol signifies 
a decrease in concentration of the reactant with increase of time 
and a positive sign before the rate symbol signifies that the 
concentration of the product increases with increase in time. The 


[Bl 


0 ty , te 


_Time = 


~ be bas bogs ot . ott yee: 

concentration idhanipe may. be positive or negative but the. rate. sat 
reaction is. always positive. The minus. sign is. always written 
when required, but the plus sign is usually not mentioned.) . 


Figure 8.1 shows the change of concentrations of reactant (4) ae 


and product (B:)as the chemical reaction 4 —> B progresses with 


time, Let [A], and [Al,, :be the. concentrations. of. A. at. time. 


t and by, respectively. : 
A[A]= (A), ~ “tah, 


and — .  APeiK rh. 
7: __At4]__[Al, -[4], - 
a Ato ty ty 


Over the same time interval f, to f,, mess concentration of B 
= from[B],, to[B],,. 
wo ALB. (Al, - (Bly 
a. ee A oe 
Since, one mole of 4 produces one mole of B, the rate of 


decrease in concentration of 4 should be equal to the rate of 
increase in concentration of B. Thus, 


Tay = Tay 
_ ALA] _ ALB) 
_ At At 


Reaction rate has the units of concentration or ‘molarity ' 


divided. by time. Therefore, nen units of rate of. reaction. may be 
expressed as: 
tnole/litre sec Ga Oi ). 
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T2558 [SOME SOLVED EXAMPLES\ $8922: . 


Example 1, Jn a reaction, the concentration of a reactant 
(A) changes from 0.200 mol litre to 0. 150 mol litre"! in 10 
minutes. What is the averse rate a reaction during this 
interval? 


Solution: ALA] =[A] sina — [A Jinitiat 


= [0.150 0.200] = ~ 0.050 mol litre 
At = 10 minutes 
Average rate of reaction — ALA] _ -[- 0.050] 
| - , At 10 


= = = 0.005 mol litre! min= 


Expression of Rate 
Consider the following reaction between CO and NO,: 
CcO+NO, —— CO, + NO 


The. equation shows that when one mole of CO reacts with one 
mole of NO, one mole each of CO, and NO are formed: The 
average rate of reaction can be expressed either by decrease of 
concentration of any one of the reactants (CO or NO,) or by the 
increase in concentration of any one of the ae (CO, or 
NO): 

Thus, — 7 az - AICO, } = /A{NO} 


At At At | AL. 
However, forthe reaction, © , 
2H,0, 52H, 0+ 0, 
it is observed that when 2 moles. of H,O, decompose, one. 
mole of oO, is formed in the same time interval. The rate of 
increase in the concentration of O,, therefore, is half that of the 
disappearance of the concentration of H,O, in the same time 
interval; 
Sa, « ane A{O,] __ | AfH,O,] A{H,0, ] 
At . 2 Af 
In general, for a reaction, 


n,A+n,B —>mC+mD 
the rate expression may be expressed as: 


_ 1 ATA]_— 1 ALB} 1 AIC] 1 ALD} 
n Atm, At m Atm, At 
Thus, for the reaction, 
H, +1, == 2HI 
. the rate may be expressed as: 
_ ATH] -- AI] 1 ALE] 
At At 2 Af - 


Note : In case of gaseous reaction, pressure may be taken in place of concentration. Thus, rate will have the unit of atm sec! or atm min™!, 


or : mole/litre min (mol L™! min!) 
or mole/litre hour (mol U h oth 
or mole/litre day (mol es d') 
or mole/litre year (mol L~! y~') 
PV =nRT or p-[2 RT ot P=CRT 
AP] alc] | 
AlP] = [ 1 -RT or 


At At 


Rate in [atm/sec] = Rate in [molarity/sec] x RT 
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Similarly, for the decomposition of N20s in CCl, medium, 
the rate may be expressed as: 
2N,0; —— 4NO, +0, 
_ 1 A[N,O5]_ 1 A[NO,} _ A[O,] 
~ ~ At 
Example. 2. "Decomposition of NOs is expressed by the 
equation, 
N,0, —— 2NO, +40, 

If during a certain time interval, the rate of decomposition of 
N40, is 1.8x.10% mol litre min”, what will be the rates of 
formation of NO, and.O, during the same interval? - 

Solution: The rate expression for the decomposition of N,O, is: 


_ AIN2Os] _ 1 ALNO2] _, Al02] 
At 2 At At 
So, AINO2] _, AEN20s] =o yg x10 
At At 
=3.6x107 mol litre! min”! 
A[O,] 


and 


_l A[N,0; Ed 1 = 
2 . , 


At 2 At : 
= 0.9107 mol litre! min“ 
(Rate is always positive and hence - aN is taken 


positive.) 


Instantaneous Rate 


‘In chemical kinetics, the rate at any particular instant, i.e., 
instantaneous rate rather than the average rate over a time interval 
has much more practical application and importance. It is defined 
as the rate of change of concentration of any one of the 
reactants or products over a very small interval of time. 

If.we take infinitesimal small interval of time dz, it may be 
assumed that the rate is uniform through this interval; then if dx is 
amount of substance A transformed.to B during this interval, the 


: : ox ax 
rate of reaction at that instant is given as — yg 


[In differential calculus, when At becomes very small and 


approaches zero, the ratio AIA] may be replaced by the 


derivative, aa) she, 
at 


Fos = 


I 
At 0 At at 


On the other hand, if the rate of reaction is expressed in terms 
of the concentration of any of the products which goes on 


im ~ A). a 


increasing, then rate of reaction at particular instant = : 


In general, for a reaction, 
nA baa Cab 
The instantaneous rate may be ae as: 


1 d(A]_— 1 @[B]_ aC} 


521. 


Experimental Determination of Instantaneous Rate of 
Reaction 

" In order to determine changes in concentration of reactants or 
products, it is customary to take small portions of the reaction 
mixture at suitable intervals of time and freeze them rapidly to 
about 0°C as to stop the reaction. The concentration is then 
measured with the help of a suitable method. In several cases, 
concentration changes are measured by observing changes in 
certain physical properties which are proportional to it such as 
optical densities, electrical conductivity, optical rotation, etc. A 
curve is plotted between concentration and time. A tangent is 
drawn to the curve at the point corresponding to time interval ‘?’, 
The slope of this tangent gives the instantaneous rate of reaction, 


This is shown in Fig. 8.2 (a). 


Instantaneous rate of reaction = Slope of curve 
Intercept along ordinate ~— Ax 


> Intercept along abscissa At 


Since, the concentrations of the reactants keep on decreasing ... 


with time, the rate of reaction correspondingly decreases with 
time. Thus, the rate of reaction will depend on the stage 


considered during progress of the reaction. The rate of reaction is - 


maximum at the -initial stage and decreases with time. 
Theoretically, infinite time would be required for a reaction to 
complete. But the reaction rate becomes so slow after a certain 
time that for all practical purposes, the reaction can be considered 
to be completed. It is evident from Fig. 8.2 (b) that the rate of 
reaction is varying from moment to moment. 


Concentration (moles/lit) 
Reaction rate ——> 


Time ——> _ 


Fig. 8.2(a) Determination — Fig. 8.2(b) Variation of rate. 


of rate of reaction 
Reaction Life Time 
It is defined as the time taken by a reaction to proceed to 98% 
of completion. The shorter the life time, the faster the reaction. 
Reaction life times are used to compare the various reactions. 


Reactions are also compared with half life periods. The half life 


period is defined as the time during which the concentration of a 
reactant is reduced to one-half of its initial value or the time in 


which half of the reaction is completed. It is generally denoted by 


ti;2. The shorter the half life period, the faster is the reaction. 


Example 3. For each of the following reactions express 
the given rate of change of concentration of the reactant or 
product in terms of the rate of change of concentration of other 
reactants or products in that reaction : 
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dll7] 
dt 


=? 


“3 


(a) H,O, + 2H * +31” —31, +2H,0; - 
. 

wale lag 

dt ; 

(b) 16H * +2MnO; + 101 ~ ——>2Mn”* +8H,0+5I,; 

_ d[Mn0; | 

at 

(c) 4NH, +50, —> 4NO, + 6H,O ; - 


=? 
a[(NH3]_, 
dt 


Solution: We have, 


(a) H,O, +2H* +317 —>1; +2H,0. 


The equality in this case is: 
_a{H,0,]__1d{H*]__1di"]_dllg]_1 dH.) 


3 dt dt 2 dt 


| La ae 3 41H202]__ 3 aH") _ 3 4113] _ 3 aH, 


dt dt 2 dt dt 2 dt 
aH] __ 5 alH02)__ 2d} _, alt] _ alH,0) 
dt dt 3 dt . dt at 
(b) 16H* + 2MnOj +101" + 2Mn** +8H,0+5I, 
The equality in this case-is: 
1 d[H*]_ 1 d{MnO;] _ 1 aq] ] 


and — 


at+~*~«SStSe 
_ 4a[Mn**] _ 1 d[H,O] 2 d{I,] 


(c) 4NH, +50, ——>4NO, + 6H,O 


The equality in this case is: 
_ 1 @{NH3] _ 


“4” dt 5 dt 4 dt 
d(NH;]__ 4 d[O,]_ d[NO,]_ 2 a{H,0] 
dt 5 dt dt 3 at 


“Example 4. . The following reaction was carried out in 
water: 


Cl, + 21 ~ —+1, + 2C1~ 
The initial concentration of I~ was 0.25molL' and the 
concentration after 10 minutes 0.23 mol L". Calculate the rate of 
disappearance of I~ and appearance of I. 
Solution: A(T” ]=(1" Vgina ~ F Tinitit 
= 0.23 = 0.25=-0.02 mol L" 
At =10-0=10min 


_ Aue J C00) 9.002 mot" min ~! 


1 A[I7] _ 0.002 
Rate of appearance of |, = - - —— = 
are aay a aaa 2a 
= 0.001 mol LD min” 
=1x 107 mol L min“! 
“Example 5. The reaction between Cr,02" and HNO, in an 
acidic medium is: 
Cr,O}” + 5H* + 3HNO, + 2Cr** +3NO; +4H,0 
The rate of disappearance of Cr,O; is found to be 
2.410 mol L' s7' during a measured time interval. Find the 


rate of disappearance of HNO, and the rate of appearance of 
3+ during this time interval. 


Solution: The equality in this case is: 
_AICr,O7 }_ 1 ATHNO,]_ 1 AICr**] 
At 3 At 2 At 


It is given that, 


Ww 
Men 07) «94x10 mot L! a7 


“At 

So, - ae =3x24x10% =7.2x10% mol Ls"! 
3+ 

aa oe =2x24x 10 =4.8x 107 mol L7 57 
t 


ILLUSTRATIONS OF OBJECTIVE QUESTIONS ~ 


1. For the reaction, 2N,O, ——» 4NO, + Q, rate of reaction is: 
" (AIIMS 2006). 


ld d 
(a) aa {N205] (b) 2 aR [N,O5] 


’ ld 
¢) —-—([N 
0 4 as O2l 
[Ans. (c)] 
(Hint: For the reaction: 
2N,0, —> 4NO, + 0, 
_ 1 aN205] _ , 1 aINO2] _ aos = 
2 at 4 dt 
2. Observe the following reaction: 
A(g)+ 3B(g)-—> 2C(g) 
The rate of this reaction 


d 
(d) 4 8 [NO,] 


is 3x10 mol litre! 


min™', What is the value of an in mol litre”! min™!? 
(EAMCET 2006) 
(a) 3x10%  (b) 9x 10% (&) 10° (d) 15x 10° 
[Ans. (b)] 
[Hint: <7) =- ; a 
=A0} - 3{=44] 4A} - 3x3x10° 


=9x107 mol litre! min] 
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3. For the. reaction, 24+ B-—>3C+D, which of the 
a: does not seXDIESe the reaction rate?” 


. [CBSE (Med.) 2006] 
d(C] —d[B] a) -d[A] 
b) 
rag Og OCR on 
[Ans. (a)] os 
[Hint: “1aA)_-€8)_ aC), AD) 
2 dt dt 3 at dt 
4, Consider the reaction, N;(g) + 3H)(g) —> 2NH,(g). The 
equality feclationshiyy between ee and - ae is: 
oe EC BSE (Med) 2006) 
@ » a(NH] Adie] gy, @INHs] __ 2 aH] 
dt 3 dt : dt 3 dt 
( o) + ZINE] 3-H] (gy) INH] ANH) _ tH] 
“dt 2 dt dt 
[Ans. " (b)] oa 
[Hint: ell rae aint), 
3 at 2 dt 


5. For a réaction x4 — 2B rate of Geaenans of A is 


related to the rate of appearance of B by the expression: 


(AIEEE 2008) 
-d[A] d [B] -d[A]_ 1 d[B] 
ae? dt Oe ab 
~d{A]_14{[B ~d{A 
(441 d{4]_14{B] (@) [4]_, [8] 
dt 4 dt dt dt 
[Ans. (c)} 
[Hint: The reaction may be given as 
A— 4B 
ac AlES =+. 2 o1F) = Rate of reaction.] ° 
dt 4 


a 


In a reaction of acidified hydrogen peroxide with potassium 

iodide, the concentration of iodine formed rises from 0 to 

10° > mol dm™ in 10 seconds. What is the rate of reaction ? 
a : [PET (Raj.) 2008] 

(b) 10° mol dm7 3s! 

(d) 10* mol dm7 +s"! 


(a) 10° ® mol dm7?s7! 
(c)10°° mol dm™ ago 


[Ans. (a)] 
[Hint: The reaction is 
2Y + H,0, + 2H* —> 7 + 2H,O 
-5 
Rate = + Ay), 107° mol dm" ’s “7 
dt. -10 | 


6.3 LAW OF MASS ACTION 
(Guldberg and Waage, 1864) 


This law relates rate of reaction with active mass or molar 
concentration of reactants. 

“At a given temperature, the rate. of a reaction at a 
particular instant is proportional to the product of the active 
masses of the reactants at that instant raised to powers which 
are numerically equal to the numbers of their respective 
molecules in the stoichiometric equation describing the 
reactioy.” 


Active mass = molar concentration of the substance ~ 
_ humber of gram moles of the substance 
volume in litres 


wiM _n 

V V 
where, w = mass of substance and ‘M’ is the molecular mass in 
gram, ‘n’ is the number of gram moles and V is volume in litre. 
Example 6. 4 g of hydrogen and 128 g of hydrogen iodide 
are present in a 2 litre flask. What are their active masses? 

Solution: Mass of hydrogen = 4 g 

Mol. mass of hydrogen = 2 


Volume of the flask = 2 litre 


Active mass of hydrogen = 5 5 =1mol L 


Mass of HI = 128 g 
Mol. mass of HI =128 
Volume of the flask = 2 litre 


ie = 0.5 mol L! 
128 x 2 


Active mass of hydrogen iodide = 
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Consider a simple reaction A —> B. 
If C, is the molar concentration or active mass of A at a 
particular instant, then 
6) ake, 
dt dt 
where, k is a proportionality constant, called velocity constant 
or rate constant or specific reaction rate. 
Ata fixed temperature, if C, =1, then 


dx : 
Rate = — =k wee 
e ht (i) 


Let us consider a general reaction. 
aA + bB ——> Product 


dx @ b 
Rate = (=). [A]*[B] 


Rate = k[A]*[B]° .. ii) 
[B]= 1 mol/litre, then 
_ Rate=k 

Rate of a reaction at unit concentration of reactants is - 
called rate constant. 

The value of rate constant depends on: 

(i) Nature of reactant 

(ii) Temperature 

(iii) Catalyst 


When [A]= 


Unit of Rate Constant 


Rate constant has different units for reactions of different 
order. General rule for rate of reaction may be given as: 


524 | 


unit of concentration 


ea 1 n-l 

=I 
——— X sec 
_— 


Ea i -f 
al X sec 
mo ‘ 


Unit of rate constant -| 


il 


__ where, # = order of reaction. 


he Rate of reaction ~ Reaction rate constant 
1. It is the speed with which reac- | It is proportionality constant. 


tants are converted into prod- 
ucts. 


It is equal to the rate of reaction 
when the concentration of each 
of the reactants is unity. 


2. | It is measured as the rate of de- 
crease of concentration of reac- 
| tants or the rate of increase of 
, concentration of products with 
| time. 


It is independent of the initial 
concentration of the reactants. 
It has a constant value at fixed 
temperature. 


8.5 COLLISION THEORY OF REACTION 
RATE (Arrhenius Theory of Reaction 
Rate) ‘ 


(1) A chemical reaction takes. place due to collision among 
reactant molecules. The number of collisions taking place per 
second per unit volume of the. reaction .mixture is known as 
collision frequency @). The value of collision frequency is very 
high, of the order of 1075 to 107* in case of binary collisions. 

(2) Every collision does not bring a chemical change. The 
collisions that actually produce the products are effective 
collisions. The effective collisions which bring chemical change 
are few in comparison to the total number of collisions. The 
collisions that do not form a product are ineffective elastic 
collisions, i.2., molecules just collide and disperse in different 
directions with different velocities. For a collision to be effective, 
the following two barriers are to be cleared: 


| It depends upon the initial con- 
centration of reactants. : 


Energy Barrier . . 
The minimum amount of energy which the colliding 


molecules must possess as to make the chemical reaction to 


occur, is known as threshold energy. 


Fraction of molecules 
capable of bringing 
effective collisions 


Fraction of molecules —> 


1 : yard : 
: | x time”! 
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In the graph (Fig. 8.3), ‘EZ’ corresponds to minimum or 
threshold energy for effective collision in a hypothetical reaction, 

There is an energy barrier for each reaction. The reacting 
species must be provided with sufficient energy as to cross the 
energy barrier. 

The minimum amount of energy required by reactant 
molecules to participate in a reaction is called activation 
energy. , 
metvetion energy = threshold energy — average kinetic 

’ energy of reacting molecules 
Threshold energy = initial potential energy of reactant 
molecules + activation energy. 

A collision between high energy molecules overcomes the 
forces of: repulsion and brings the formation of an unstable 
molecule cluster, called the activated complex. The life span of 
an activated complex is very small. Thus, the activated complex 
breaks either into reactants again or new substances, i.e., 
products. The activation energy (E,, )depends upon the nature of 
chemical bonds undergoing rupture and is independent of 
enthalpies of reactants and products. The energy changes during 
exothermic and endothermic reactions versus as proses of the 
reaction are shown in Fig. 8.4. 


Activated 
complex 


Activated 
complex 


Energy —> 


Reactants | 
A+B 


Progress of the reaction —-» Progress of the reaction —> 
{Exothermic) (Endothermic) 


Fig. 8.4 Activation energy of exothermic 
and endothermic reaction 


Thus, every chemical reaction whether exothermic or 
endothermic has an energy barrier which has to be overcome 
before reactants can be transformed into products. If the reactant 
molecules have sufficient energy, they can reach the peak of the 
energy barrier after collision and then they can go to the right side 
of the slope and consequently change into products. If the 
activation energy for a reaction is low, the fraction of effective 
collisions will be large and the reaction will be fast. On the other 
hand, if the activation energy is high, then fraction of effective 
collisions will be small and the reaction will be slow. When 
temperature is increased, the number of active molecules 
increases, i.e., the number of effective collisions will increase 
and the rate of reaction will increase. 

Activation energy E, =£ (activated cortiplex) -£ (ground state) 
AH = = activation energy of forward reaction 
“— activation energy of backward reaction. 
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Orientation Barrier 

Energy alone does not determine the effectiveness of the 
collision. The reacting molecules must collide in proper manner 
if the reaction is to occur. This has been shown in Fig. 8.5. 

Rate of reaction is directly proportional to the number of 


effective collisions. 
Rate = — <- = collision ‘frequency x fraction of 
t 


; effective collisions 
= Z x f : ; 


~B B 
Products 


No product 
formation 


Fig. 8.5 Orientation of collisions 
Factors Affecting Rate of Reaction 


(i) Nature of the reactants 
(a) Physical state of reactants: 
effect over rate of reaction. 
Gaseous state > Liquid state > Solid state 
a a 
Decreasing rate of reaction 


ey has considerable 


Similarly, in a heterogeneous system, collision is not so 
effective as in homogeneous system. Thus, reactions in liquid 
phase or solution phase will be faster in comparison to 
heterogeneous conditions when same concentrations of the 
reactants are taken. 

(b) Physical size of the reactants: - ‘Renee the solids, rate 
increases with decrease in particle size. In powdered state rate of 


reaction is maximum becalise in powdered state, surface area is 


‘maximum. 


(c) Chemical nature of reactants: 
two reactions: 
2NO(g) + O,(g) —> 2NO,(g) i 
CH,(g) + 20,(g) —> CO,(g) + 2H,O ... (ii) 
The first reaction is faster than the second because in the first 
reaction only N=O bond is to be broken whereas in the second 
reaction four (C—H) bonds are to be broken. 
Similarly, consider another example of two similar reactions: 
2NO(g) + O2(g) —> 2NO,(g) (iii) 
2CO(g) + On(g) —> 2C0,(g) iv) 
NO bond is weaker than CO bond, hence broken easily. Thus, 
reaction Gii) i is faster than (iv). 


Consider the following 


. (ii). Concentration of reactants -— . 


Let us consider the réaction: 
A+B-—— C+D; 
Rate = k [A][B] 

Rate of the above reaction 
decreases with the passage of time 
because the concentration.. of. 
reactants A and B will decrease as 
time passes on. 

Let us consider the foliowing 
reversible reaction: 


‘Rate —> 


Time ——> 
Fig. 8.6 


A+B=—=C+D 
Rate of forward reaction =k, [A][B] 
. Rate of backward reaction = k,[C][D] 
Rate of forward reaction decreases and that of backward 


-Teaction increases with pasenge of time. At panies both the 


rates become equal. 


Rate of forward 
reaction 


Equilibrium 


Rate ——> 


Rate of backward 
reaction 


Time —> 
Fig. 8.7 


(iii) Effect of temperature 


The rate of reaction increases considerably with an increase in 
temperature. The rates of many reactions are approximately 
doubled or tripled for every 10°C rise in temperature. The 
temperature coefficient of a chemical reaction is defined as the 
ratio of the specific reaction rates of a reaction at’ two 
temperatures differing by 10°C. 


ee k, +10 
p. = Temperature coefficient = ——— 


£ 
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Let temperature coefficient of a reaction be ‘yw’ when 
temperature is raised from T, to 7; ; then the ratio of rate constants 
or rate may be calculated as: 


AT (wy) To _ ore 
kr, : 
(kr 
lo eee ae 
Sto if }3 10 OZ 10H . 


k Ty - AT 
ir antilog] 7 log io u| 

Its value lies generally between 2 and 3. 

When the temperature is increased, heat energy is supplied 
which increases the kinetic energy of the reacting molecules. 
This will increase the number of collisions and ultimately the rate 
of reaction will be enhanced. Arrhenius suggested an equation 
which describes k as a function of temperature, i.e., 

k= Ae bal RT 


C = Intercept = logio 


E 


Slope = tan 8 = ———_ 
2,303 R 


logio k ——> 


emia 


li 
+ 


Fig. 8.8 


where, & — rate constant 
A —»a constant (frequency factor) 
E, ~> energy of activation 
At two temperatures T, and T, ao log of Arrhenius 
equation, we get 


log, ky = log A ai ‘ogee . fi) 


E, 


log, k, =log A- 
Be 2 8 RE; 


and ees ef an (ii) 
Subtracting eq. (ii) from eq. (i) and converting the log to the 
base 10, we get 


ov tea Be [Ft 


ky Fe a_|h- 7 
or log 10 = 
ky 2.303R | TT, k, 2.303R| 1,7, 
This equation can be used for calculation of energy of 
activation. 


Rate —> 
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Logarithmic Arrhenius equation is: 
; E, of 7 
2. 303R 
Y=C +MX— , 
it is the equation of straight line with negative slope. On 
plotting log |, & against [1/7 ] we get a straight line as shown in 
Fig. 8.8. The graph gives two kinetic parameters. | 
The slope gives activation energy and intercept gives 
frequency factor. 


The dependence of rate constant on temperature for two 
reactions is shown in the Fig. 8.9. 


Tog io k= log ig A- 


Fig. 8.9 


In the reaction (2), the modulus of slope is greater than that of 
reaction (1), hence reaction (2) has higher activation energy. The 
reaction (2) will be more sensitive to temperature change. 

Reactions on the basis of influence of temperature are 
classified into five types. These are shown in the graphs. 


Rate —> 
Rate —> 


Temperature —» 
(Biological reactions) 


(a) (b) (c) 


Temperature —> 
(Normal reactions) 


Temperature —>- 


(Explosive reactions) 


(For 2NO + O23 — 2NOo) 
The only reaction with 
~ve temp. coefficient 


Rate —> 


Temperature —> .. 


Rate—> 


Temperature —» 


(Oxidation of carbon) 
n°) re <) ee 
Fig. 8.10 


(iv) Presence of a positive catalyst 

The function of a positive catalyst is to lower dvi the 
‘activation energy. The greater the decrease in the -activation 
euergy caused by the catalyst, higher will be the reaction rate. In 
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the presence of a catalyst, the reaction follows a path of lower 
activation energy. Under this condition, a large number of 
reacting molecules are able to cross over the energy barrier and 
thus the rate of reaction increases. Fig. 8.11. shows how the 
activation energy is lowered in presence of a catalyst. 


Reaction path 


\ 
/” Reaction LS 
path with 
‘catalyst 


Potential energy ——> 


Reactants e of \ 
Es re we NN 
The effect ofa ..-.... weciion 


catalyst istolower. = ~=~=~=—~=~S*«~S FEO 
the energy of activation 


Products 


Collision number ——> 


Fig. 8.11 A catalyst changes the 
' reaction path (Positive catalyst) 


(v) Presence of negative catalyst 

A negative catalyst increases the activation energy of reaction 
by forming a new intermediate of high energy, ie., by changing 
the reaction mechanism. 

Due to increased activation energy, some active molecules 
become inactive, therefore, rate of reaction decreases. 


increased Se 
activation ¥ |. 4d — Catalyst 
energy \ present 
8 Catalyst 
2 absent 
oe 
3 
€ 
@D 
3 
a. 


Collision number ———> 
Fig. 8.12 Negative catalyst 


Let ‘ p’ denote presence of catalyst and ‘a’ denote absence of 


catalyst. 
k,=de rt (i) 
k, = Ae a/R? ... (ii) 
Dividing eq. (i) by eq. (ii), we get 
eo aighe- Spal _ AIRE 


a 
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1iosees Soar [SOME SOLVED EXAMPLES\ $883: : 


_-Example7. The rate of a_ reaction triples when 
temperature changes from 20°C to 50°C. Calculate energy of 
activation for the reaction. (R = 8.314 JK | mol ™ ) 


Solution: 


The Arrhenius equation is, 


log ios Nae 
0k, Rx 2303| 7,7; 


Given: =3;R=8,314JK7 mol!; 7, = 20+ 273=293K 
1 


and T, = 50+273= 323K 
Substituting the given values in the Arrhenius equation, - 


ee: 323 - 293 
B10 8314 x 2.303| 323x293 
p= 2303x8314 x 323 x 293x 0.477 
a | 30 


= 28811.83 mol 
= 28.8118kJ mol”! 


Example 8. In Arrhenius equation for a certain reaction, 
the value of A and E,, (activation energy) are 4x 10° sec"! and 
98.6kJ mol respectively, At what temperature, the reaction 
will have specific rate constant 1.1x 10 sec"? 


Solution: According to Arrhenius equation, 
k= Aw Ea (RT 
: E, 
or bog gk = 108 Am 08 68 
E 
or 2.303 log, & = 2.303 log,, A-—* 
B10 B10. Rr 
13, 98.6 10° 
or 2.303 log (1.1 107° ) = 2.303 log (4 x 10” ) - 
at Z . "3314 xT 
98.6 x 10° 
8.314 x 2.303 x 16.56 
= 310.96K 


Example 9. The rate constant is given by Arrhenius 
equation, 
k= Ae Ee!/RT 


Calculate the ratio of the catalysed and uncatalysed rate 
constants at 25°C if the energy of activation of a catalysed 
reaction is 162 KJ and for the uncatalysed reaction the value is 
3504. 


Solution: Letk,, and k,, be the rate constants for catalysed 


and uncatalysed reactions. 
. 162 x 10° 


2303 oe yk S230 logy AS 
810 S10 RT (i) 
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3 
and 2.303 logyg kun = 2.303 10g 9 4 ara Gil) 
| Subtracting eq. (ii from eq, @ . eS 
. 3 
ley fee 10 —~ (350-162) 
ky, 2.303RT 
3 
eyes TSB I = a7 gs 
2.303 x 8.314 x 298 


fea. 3 38x 10? 


un 
Example 10. Calculate the rate constant of a reaction at 
293K when the energy of activation is 103 kJ mol“ and the rate 
constant at 273 K is 7.871077 s“. 
(R = 8.314x107 kJ mol! K~') 


Solution: The Arrhenius equation is, — 


ky _ Eg | hh 
log ig —* ==> 
ky 2.303R| T,T; 
k, = 7.87x 1077 s'; E, =103kJ mol”; 
R=8314x10° kJ mol! K7™; 


T, = 273 Kand T, = 293K 
Substituting the values in Arrhenius equation, 


Given: 


ky | 103 x 20 
"787x107 2.303 x 8.314 x 10% x 293x273 
= 1.345 
| =1.74x 10° s 
’ Exaniple 11. .:: 407K, the rate ssiiletant of a chemical 


reaction is 9.5x Ae “| and at 420K, the rate constant is 


1.9x 10 s!. Calculate the frequency factor of the reaction. 


Solution: The Arrhenius equation is, 
log 1p 4 *2 =— 2 _|% 
kK, 2.303xR _ OT, 


Given: k, = 9.5x 1079 st: ‘ke =1,9x 10% s7!; 
 R=8314S mol! K*; 
_T, = 407K and T, = 420K 


Substituting the values i is Arrhenius equation 
i 9x 10~ E 


- 420-407 
95x 103 ~ 2.303 x 8.314 | 420x 407 | | 
- E, = 7578233 mol! 


, E, 
Applying now log k, = log 4 -———__- 
pplying 10g kK, = 10g 2.303R7, 
ease? Shee 
2.303 x 8.314 x 407 
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oe 757823 


or log —=- ——— — = 9.7246 
9.5x10°° 2.303 x 8.314 x 407 - 
A=5.04x10° s 


Example 12. The energy of activation for a reaction is 100 
kJ mol” . Presence of a catalyst lowers the energy of activation 


by 75%. What will be effect on rate of reaction at 20°C, other 
things being equal? : 


Solution: The Arrhenius equation is, 
k= Ae fal BT 
In absence of catalyst, k, = de l0O/RT 


. In presence of catalyst, k, = Ae’? 


So, Lr = eT IRT or 2.303 log as = Js 
or 2303 tog et 
ky 8314x107 x 293 
ky 75 
or log — = ——_______- 
ky .8.314x 10” x 293 x 2.303 . 
or 29 34x 10% 
ky : 
As the things being equal in presence or absence ofa catalyst, 
Leen een rate in presence of catalyst | 
1 rate in absence of catalyst 
ie, 8 oF 2934x108 
yj ! 


ILLUSTRATIONS. OF OBJECTIVE. QUESTIONS 


7. For a reaction E, = 0 and k= 32. 10° s “lat 300 K. The 


value of k at 310 K would be: - 

(a) 64x 10* st (b) 32 x 104 ail 
(c) 3.2 10° 57 (d)3.2x 10° st 
[Ans. ()] | 

[Hint: k = Ae Fa /RT 

When £, = 0, k = A = constant 


keyg = kaog = 3.2.x 104 7] 


8. Fora gaseous reaction, following data is given: 
| A—>B,k, = 10'5 2000/7 


C > D, ky = 104 e OOF Lo 


The temperature at which k, = k, is: 


(a)1000K (b)2000K = (c) 868.82 KK (d) 434.2K 
[Ans. (d)] , 
[Hint: When ky > ky, 
‘ 10!5¢-2000/T _. 1 gl4 510007 
10 = lr 
2.303 log 10 = 1000. 


pias 


9. 


10. 


11. 


12. 


13. 
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For N,(g) +3H,(g) —> 2NH,(g) + 22kcal, E, for ‘the 


reaction is 70 kcal. Hence, the activation energy for 
2NH;(g) ——> N2(g) + 3H,(g) is: 


(a) 92 kcal (b) 70 kcal (c)48keal- (d) 22 kcal 
[Ans. (a)] 
-22=70- E, 
E, =92 kcal] 


On introducing a catalyst at 500 K, the rate of a first order 
reaction increases by 1.718 times. The activation energy in the 
presence of a catalyst is 6.05 kJ mol’. The slope of the plot of 
In k (sec') against I/T in the absence of catalyst is: 


(a) +1 (b) ~1 (c) +1000  (d)-1000 
[Ans. (d)] 
(Hint: Rate in presence of catalyst “Ailes +AE 
Rate in absence of catalyst 2.303RT | . 
ioe E, a E,. : 
1.718 = Antilog ————__2>-__ 
2.303 x 8.314 x 500 
E, ~ Ey = 2.253 
E, = Ey + 2.25 = 6.05 + 2.25 = 8.30 kJ mol 
=8.3kJ mol 
Ink =In A- Fo x = 
R T 
-E, _ -8.3 x 1000 
Slope = —4 = —~ "> = - 1000 
a 8.3 


For which of the following reactions k3,9/ky99 would be 
maximum? 


(Qa A+B—-C; E, =50kJ 

(b) X +¥—Z, E,=40kJ 

()P+QO-— -R; £,=60k) 

(WE+F— -G, £E, =100k 

[Ans. (d)] 

{Hint: Increase in rate constant is maximum for the reaction 


having maximum activation energy.] 
The activation energy of exothermic reaction A—— B is 


80 kJmol’. The heat of reaction is 200kJ mol. The 
activation energy for the reaction B ——> A (in kJ/mol) will 


be: {PET (Kerala) 2007| 
(a) 80 (b) 120 (c) 40 . (d) 200 
(e) 280 - 
[Ans. (e)] 
(Hint: AH =E, - E, 
— 200 = 80- E, 


E, = 280 kJ/mol ] 


Which equation is true to calculate the energy of activation, if 

the rate of reaction is doubled by increasing temperature from 

i Ktot, K? [CET (Gujarat) 2008] 
E 


a eee ee 
9 oe) self | 


k E 1 l 
1 2 a Ce cs 
mee) F 


(1p $= 585 z| 


2 2303|% 7 

Eis. a 
d)logy2=—22—| 1 =1 
ie seal =| 
[Ans. (d) ] 


A, ji lt 
2303R[T; 7, 


When reaction rate becomes double then ie will be equal to 2. 


Le 4 
ey epee ae ee 
ms aah [2 +h 


6 MOLECULARITY OF REACTION 


[Hint: We know, vel 2)-= 
ky 


Then, 


In general, molecularity of simple reactions is equal to the sum 
of the number of molecules of reactants involved in the 
balanced stoichiometric equation. 

OR 


The molecularity of a reaction is the number of reactant 
molecules taking part in a single step of the reaction. 


é.g., PCI; ——> PCI, +Cl, (Unimolecular) 

2HI—>H, +1, _— (Bimolecular) 

280, +O, —> 280, (Trimolecular) 
NO+0;—>NO,+0, — (Bimolecular) - 

2CO +0, —> 2C0, (Trimolecular) 


2FeCl, + SnCl, —> SnCl, + 2FeCl,(Trimolecular) 


The minimum number of reacting particles (molecules, 
atoms or ions) that come together or collide in a rate 
determining step to form product or preducts is called the 
molecularity of a reaction. 

For example, decomposition of H,O, takes place in the 
following two steps: 


H,0, ——H,O+ : O, (overall reaction) 
Step 1: H,O, —>H,0+ [0] (slow) 
Step 2: [0] + [0] —> O, (fast) 


The slowest step is rate- determining: Thus, from step 1, 
reaction appears to be unimolecular. 
Note: (i) Molecularity is a thedretical concept. 
(ii) Molecularity cannot be zero, —ve, fractional, infinite and 
imaginary. 
(iii) Molecularity cannot be greater than three because more 
than three molecules may not mutually collide with each other. 
There are some chemical reactions whose molecularity 
appears to be more than three from stoichiometric equations, e.g. 
in 


4HBr + O, —— 2H,0 + 2Br, 
2MnO; +16H* +5C,07 > 2Mn** +10CO, +8H,O 


In the first reaction, molecularity seems to be ‘5’ and in the 
second reaction molecularity seems to be ‘23’. Such reactions 
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‘involve two or more steps; each step has its own molecularity not 
greater than three, e. g., in first reaction, 
HBr + O, ——> HOOBr 
HOOBr + HBr ——> 2HOBr 
[HOBr + HBr —~ H,0+ Br, ] x 2 


4HBr + O, ——> 2H,O+ Br, 


Molecularity of each of the above steps is 2. 


(a) Reaction between Br” and H,O, in acidic 
medium: The overall reaction is: , 
2Br- + H,O, + 2H* ——> Br, + 2H,O 
The proposed mechanism is: 
Br +H,0, +H* ——> HOBr+H,0O (slow) 
HOBr+H* + BrX ——>Br, + H,O (fast) 


’ Rate = k [Br ][H, 02 J ] 
The reaction is trimolecular. ~ - 
(b) Reaction between NO, and F,: The overall reaction is: 
2NO, + F, —— 2NO,F 
The proposed mechanism is: 
NO, +B, —~>NO,F+F 
NO, +F—+ NO,F 
Rate = k [NO, liF,] 
The reaction is bimolecular. 
(c) Decomposition of H,O,: The overall reaction is: 
2H,0, —— 2H,0+ 0, 
The proposed mechanism is: 
H,0, —~H,0+0 
H,0, + O—-> H,0+ O, 
Rate = k[H, O2 ] 
The reaction is unimolecular. 


8:7. ORDER OF REACTION — 


Let us consider a general reaction: 


(slow) 
(fast) 


(slow) 
(fast) 


m, A+ m,B + m,C ——> Product 

Let active moles of ‘A’, ‘B’ and ‘C’ be ‘a’, ‘8’ and ‘y’ 

respectively. Then, rate of reaction may be given as: 
Rate = AL A]"[BP Icy" 

Sum of powers of concentration terms involved in rate law 

expression is called order of reaction. 
a+ 6+ = order 
Whena +8 +y =m, +m, + m,,then 
Order of reaction = molecularity of reaction. 

Order is an experimentally determined quantity. It may be équal 
to zero, positive, negative, fractional and greater than three. 
Infinite and imaginary values are not possible. 

Examples: 


dx 2 
-*.kH,0 
ht [H, al’ 


(observed from law of mass action) 


Step 1: H,0, —— H,0+ [0] (slow) 
Step 2: [0] + [0] —> 0, (fast) 
Actual rate ot “ = k [H, 0, ] 


Thus, order of reaction is unity. 
(ii) 2NO, + F, -—> 2NO,F 
Rate law from law of mass action: 
dx 2 
-~-—-=k[NO,]*[F 
-) [NO, }"[F,] 


Experimentally observed rate law: 
- © = k{NO; IF] 
Slowest step is NO, + F, ——> NO,F + [F] 
Thus, order of reaction = 1+ 1=2 
(iii) CH,CHO—-+ CH, +CO 
The rate equation derived from experimental data is found to be 


dx 1s 
~ — = k{CH,CHO]" 
oe 


The order of reaction is |.5. 


Some typical linear plots for the reactions of different 
orders: 


(a) Plots of rate vs concentrations [Rate = (conc. )"] 


Zero order f Ist order 2nd order t 3rd order 
=< ml 
s : [Al 


t{—~> tt 


Conc. [A] —> 


(b) Plots from oes rate equations: 


' Zero order ' Ist order ' 2nd order ' 3rd order 
2 2 gl 2 
os 7 sd cs xy 
fc c - «£ ha 
Cone. —> Conc. —> (Conc.)?—» = (Conc.)®9—> 


From the study of the kinetics of many simple reactions, it is 
observed that for a large number of reactions, the molecularity 
and order are the same. Some examples are given below to justify 
this point. 

1. Dissociation of N,O,, 


N,O; —>N,0, + ; O, 


Order = 1, Moleculanity:s =] 
2. Dissociation of H,O,, 


H,O0, —7>H,0+ ; 0, 


Order = 1, Molecularity = 1 
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3. Dissociation of HI, 
2HI —— H, +I, 
Order = 2, Molecularity = 2 
4. Formation of NQ,, 
2NO + 0, ——» 2NO, 
Order = 3, Molecularity = 3 


8.8 PSEUDO-ORDER REACTION 


Reactions whose actual order is different from that expected 
using rate law expression are called pseudo-order reactions, 
2.8., 

(i) RC1 + H,O0 —> ROH + HCI 


Expected rate law: 
Rate = k [RCI[H,O] 
Actual rate law: 


Rate = k’ [RCI]; 


Expected order =1+1= 2 


Actual order = 1 


Water is taken in excess; therefore, its concentration may be 
taken constant. The reaction is, therefore, pseudo first order. 
Similarly, the acid catalysed hydrolysis of ester, viz., 

RCOOR’ + H,O0=—= RCOOH + R’OH 
follow first order kinetics: 


Rate = k [RCOOR’ ] 


It is also a pseudo first order reaction. 


The main differences between molecularity and order of 
reaction are given below: 


Molecularity 


‘Order of reaction _— 


1. It is the total number of reacting 
species (molecules, atoms or 
ions) which bring the chemical. 
change. 


2. It is always a whole number. 


3. Itis a theoretical concept. 


4. Itis meaningful only for simple 
reactions or individual steps of a 
complex reaction. It is meaning- 
less for overall complex reaction. 


It is the sum of powers of molar 
concentrations of the reacting 
species in the rate equation of 
the reaction. 


It may be a whole number, zero, 
fractional, positive or negative. 


It is experimentally determined. 


It is meant for the reaction and 
not for its individual steps. 


Example 13. The experimental data for the reaction, 
2A +B, —> 2AB 


is as follows: 


[A] [By] Rate. 

eee (mol) (mol) (mol 7) 
1. 0.50 0.50 1.6x 10% 
a. 0.50, 1.00 4210" 
3. «i 1.00. 3.2x104 


Write the most probable equation for the rate of reaction 


giving reason for your answer. 


AT 10a) 


531 


Solution: From an examination of above data, it is clear that 


-when the concentration of B, is doubled, the rate is doubled. 


Hence, the order of reaction with respect to B, is one. 

Further, when concentration of A is doubled, the rate remains 
unaltered. So, order of reaction with respect to A is zero. 

The probable rate law for the reaction will be 


dx 
-S= KB, LA]? = k{By] 


Alternatively, Rate = A[B, ]* 


1.6x 10 =k{0.5]% — 
3.2x 10% = AI] 
On dividing we get, a=1 
; Rate = k[A]"[B2]' = k[B2] 
‘Example 14. For the reaction, . - 
A+2B—->2C 
the following data were obtained: 


Expt Initial concentrations (molL") Initial reaction rates 


No. aa Aa.°.lU (mol E! min“) 
1. 10" 1.0 0.15 

2. 2.0 1.0 0.30 

3. 3.0 1.0 . 0.45 

4. “1.0 2.0 , 0.15 

5. POs 3.0 0.15 


Write down the rate law for the reaction. 
Solution: Let the rate law be 
- 2 ear ey 
dt ; 

By keeping the concentration of B constant in experiments (1), 
(2) and (3) and increasing the concentration uniformly, the rate 
also increases uniformly. Thus, 

; Rate«<[A], ie, x=1 


By keeping the concentration of A constant in experiments 
(1), (4) and (5).and increasing the concentration of &, the rate 
remains the same. 


Hence, y=0 
as dx 
The rate law is -—=h{A] 
. dt 
Alternative method: 
From expt.(1),  A[1.0]* [1.0]? = 0.15 (i) 
From expt.(2),  &[2.0]°[1.0]” = 0.30 .». (ii) 


- Dividing eq. (ii) by eg. (i), 


oy" _030_, 
[1.07 0.15 
So, x=] 


Fromexpt.(1),  A{1.0F° [1.0]? =0.15. Ci) 
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From expt. (4), A{1.0]"[2.0]” = 0.15 ... (iii) 
Dividing eq. (iii) by eq. (i), 
[2.0]” _ 
. So, : y=9 


Hence, the rate law is - “ = kA] | 


ma Example 15. For the reaction, 
* 2NO + Cl, ——> 2NOCI 
at 300K, following data are obtained: 


: Initial Concentration ’ 

Expt. No. — _ Anitial rate 
Th 3 0.010 0.010 1.2x10~ 
a 0.010 0.020 24 x10 

Rr 0.020 0.020 9.6 x 10 


Write rate law for the reaction. What is the order of the 
reaction? Also calculate the specific rate constant. 

Solution: Let the rate law for the reaction be 
Rate = A[NO]* [Cl, ]” 
1.2x 10 = k{0.010}* [0.010]”  @ 


From expt. (2), 2.410 = k{0.010}* [0.020)” .. (ii) 


From expt. (1), 


Dividing eq. (ii) by eq. G), 
2.4x10~ _ [0.020)” 


12x10 [0.010]” 
or 2=(2)” 


y=l 

"From expt (2), 2.4.x 1074 = k{0.010}*[0. 020)” (ii) 
From expt. (3), 9.6 10 = K{0.020}* (0.020) ... (iii) 
pee eq. (iii) by eq. (ii), 

9.6x10~ _ [0.020}* 

24x10 [0.010] 

or 4=2° 
x=2 

Order of reaction =x+ y=2+1=3 


Rate law for the reaction is 
= MNO} [Cl] 
Considering eq. (i) again, 
1.2x 10 = k[0.010]? [0.010] 
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Sa2n10" 
~ 70.010} 
Example 16. For the hypothetical reaction 
. 2A +B — Products 


=1.2x10? mol” L? 57! 


‘the following data are obtained: 


Initial cone. of Initial conc. of 


Expt. No. (A) @) sige per 
~ (mol F) (mol Ey 

1 "0.10 0.20 3x 10? 
2 0.30 0.40 3.6x10° 
3 0.30 0.80 . 1.44 x 104 
4 0.10 0.40 
5 0.20 0.60 - 
6 030° 1.20 


Find out how the rate of the reaction depends upon the 
concentration of A and B and fill in the blanks. 

Solution:. From expt. (2) and (3), it is clear that when 
concentration of A is kept constant and that of B is doubled, the 
rate increases four times. This shows that the reaction is of 
second order with respect to B. 

Similarly, from expt. (1) and (2), it is observed that when 
concentration of A is increased three times and that of B two 
times, the rate becomes twelve times. Hence, the reaction is first 
order with respect to A. 

Thus, the rate law for the reaction is: 


Rate = kLA][BY’ 


Fill in the blanks: Substituting the values of expt. (1) i in the 
rate equation, 
3x 10? = k{0.10][0.20] 
2 . 
or k= = = 7.5x10* L? mol s7 
[0.10][0.20] 


Expt. (4): Rate = &[0.10][0.40]? 
=7.5x 104 x 0.10% 0.40% 0.40 
=12x10° mol L7 s? 
Bee (5): Rate = k{0.20][0.60]” 
=7.5x 104 x 0:20x 0.60 x 0.60 
=5.4x10? mol L? 7 
Expt. (6): Rate = 4[0.30][1.20]° 
=7.5x 10* x 0.30x 1.20x 1.20 
= 3.24x10* mol L? s™ 
Example 17. The table given below gives kinetic data for 


the following reaction at 298 K: | 


OCI~ +17 O17” +Cl~ 


“ERE 


CHEMICAL KINETICS ¥ 533 


Expt (OCT) (0H) 10°* x d[1O~ Vide 
No. moldm™ = moldm™ mol dm mol das) ; 
1. 0.0017 0.0017 1.6 1.75 
2. 0.0034 0.0017 1.0 3.50 
3. 0.0017 0.0034 1.0 3.50 
4. 0.0017 0.0017 0.5 3.50 


What is the rate law and what is the value of rate constant? 
Solution: Let the rate law be = A[OCI” 7 [I ’ [OH ]’ 
From expt. (1), 1.75 x 10 = £{0.0017]* [0.0017] [1.0] ...(i) 
From expt. (2), 3.50 10% = k[0.0034]* [0.0017]” [1.0]? ...Gi) 


Dividing eq. (ii) by eq. Gi), 


3.50x 10% _ [0.0034]* 
| 1.75x10% — [0.0017}* 
or 2=2* 
or x=l,ie., first order w.r.t, OCI 


From expt. (1),1.75 x 10% = A{0.0017]}* [0.0017]” [1.0]? ...(i) 
From expt. (3), 
3.50x 10% = k{0.0017}* [0.0034]? [1.0]?...(iii) 


Dividing eq. Gii) by eq. (D, 


3.50x10* _ [0.0034]” 
1.75x10 [0.0017] 

or 2=2" 

or y=lLie., first order w.r.t.1” 


From expt. (1),1.75 x 10 = &[0.0017]* [0.0017]? [1.0]? ...@) 
From expt. (4), 
3.50 x 10+ = &{0.0017}* [0.0017]” [0.5]” (iv) 
Dividing eq. (i) by eq. (iv), 
1.75x 10% _ [1.0]? 
350x107 [0.5]? 


or l_y: 
2 
or o°t 23? 
z=~-l,ie,order w.r.t.OH is—lI. 
Rate law = LOCH] 
[OH] 
ey [ene cae 4. 
From expt. (1) pw 75 x10 [OH ] _ 1.75 x10 «1.0 
foc” IT] 0.0017 x 0.0017 
= 60.558! 


oe Example 18. The rate law for the reaction, 
2ChO —> Ll, +0, 
at 200°C i is found to be: rate = A[Cl,OY¥ =" 


(a) How would the rate change if [C1,O] is reduced to 
one-third of its original value? 


(b) How should the [C1,0] be changed i in order to double the 
rate? 


(c) How would the rate change if(Cl,O]is raised to threefold ; 
of its original value? 
Solution: (a) Rate equation for the reaction, 
r=kC1,0]7 
Cl, 27 1 


9 


(b) In order to have the rate =2r, let the concentration of 
C1,0 be x. 


So, Or = kx? (i) 
We know that, r= HC1,07 Gi) 
Dividing eq. (i) by eq. (ii), | 

rk’ 
rT KCLOP 


x? 


or x? = 24Cl,0)" 
or x=¥2[C1,0] 

(c) New rate = k[3C1,0]? = 9k{C1, 0}? = 9r 
i.é,, nine times of the original rate. 


“*“"Exaimple 19. For a reaction in which A and B form C, the 
following data were obtained from three experiments: 


Let the new rate be 7’; so,’ = k| 


or 


gp echt tl 8 
1. 0.03 0.03 0.3x 10 
2. 0.06 0.06 1.2107" 
3. 0.06 0,09 2.7x 107 


* 


What is ae rate equation of the reaction hd what is the value of | 
rate constant? 


Solution: Let the rate equation be A[ A] [B]’. 
From expt. (1), 0.3x10~ = K{0.03]"[0.03?°  @ 
From expt. (2), 1.2x 107* = k[0.06}*[0.06]” (ii) 
| 12x10 _ [0.067 [0.06 
0.3x10% [0.03] [0.03]” 


=2 x27 =4- ... Giii) 
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Similarly, from expt. (1) and expt. (3), 


2* x3” =9 ... (iv) 
Solving eqs. (iii) and (iv), 

x=0,y=2 
Rate equation, Rate = ALB 


Considering eq. (i) again, 
-4 
k= 0.3 x Z 
[0.03] 


= 333x107 mol! Ls"! 


14, 


15. 


16. 


17. 


. (a) l 


For the decomposition of HI at 1000 K (2HI —— H, +1,),. 


the following data were obtained: 


Pers Rate of decomposition.» .<:. 
TH, M of HI mie seh Ys 

0.1 2.75x 108 
0.2 11x 10° 
0.3 24.75 x 10% 

The order of reaction is: ; 

(a) 1 (b)2 (c)0 °° ~— .«(d) 1.5 

[Ans. (b)] 

[Hint: Rate = k [HI]” 


11x 10% =k [0.2]" ... (i) 


2.75.x 10°" = k[0.1]" .. (ii) 
Dividing eq. (i) by eq. (ii), 
. 4=2",n=2] 

Consider areaction, A ——> B + C.If the initial concentration 
of A was reduced from 2 M to 1 M in 1 hour and from 1 M to 
0.25 M in 2 hours, the order of the reaction is: 

(b) 0 (c) 2 (d)3 
[Ans. (a)] . 
(Hint: Half life of the given reaction is independent of initial 
concentration, hence, it is a first order reaction. 


1 
a’! ] 


hyj2 


The rate of a gaseous reaction is given by the expression 
k[A/[B]. The volume of the reaction vessel is suddenly 


reduced to one half of the initial volume. The reaction rate 
relative to the original rate will be: 


(a) 1/24 (b) 1/32 (c) 32 (d) 24 
[Ans. (c)] 
[Hint: Rate=k[A][B] .. (i) 


When volume is halved, the concentration will become double. 
Rate = k [24]?[2B]° 
= 32k [A)[B]}* 
= 32 x Original rate from (i)] ; 
For a chemical reaction, A —— B, the rate of reaction 
increases by a factor of 1.837 when the concentration of A is 


18. 


19. 


20. 


21. 


increased by 1.5 times. The order of reaction with respect to A 


18: 


(a) 1 


(b) 1.5 (c)2 (d) -1 
[Ans. (b)] 
[Hint: Rate = k[A]" (i) 


1.837 x Rate = & [1.5A]" (ii) 
Dividing eq. (ii) by eq. (i), 

1.837 = 1.5" 
“ n=3/2 (solving by logarithmic method)] 
The rate of the reaction, 

3A + 2B ——> Products 
is given by the rate expression: 

Rate = k[A][BP 

If A is taken in excess, the order of the reaction would be: 
(a) 3 (b) 2 (c) 1 (d) 5 
[Ans. (b)]- 


(Hint: When 4 is taken in excess, its concentration will become 
constant; the rate law may, therefore, be given as: 


Rate = k’[ BF Order = 2] 
For a reaction A + B —~>C + D, if the concentration of A is 
doubled without altering the concentration of B, the rate gets 


doubled. If the. concentration of B is increased by nine times 


without altering the concentration of A, the rate gets tripled. 


The order of the reaction is: (KCET 2006) 
(a) 2 (b) 1 (c) 3/2 (d) 4/3 
[Ans. (c)] 
(Hint: = Rate= A, A]°[ BP (i) 
2x rate = k[2A]*[ BPP (ii) 
3 x rate = k[A]*[9B]P w.. (iii) 
From eqs. (i) and (ii), a=1 
From egs. (i) and (iii), B=1/2 
1 3 
Order =a +B =1+—=— 
rder =a +B=1+ 55 ] 
Inversion of cane sugar in dilute acid is: [CET (J&K) 2007] 


(a) bimolecular reaction 

(b) pseudo-unimolecular reaction 
(c) unimolecular reaction 

(d) trimolecular reaction 

[Ans. (b)] 


[Hint: 


C2Hy,0,, + Hy»O —> CgH)20, + CcH 129, 
Rate = k [C,,H,,0,, J[H,0] 
When water is in excess, its concentration will be constant. 
Rate = k’ [C,,H»,0,,] 
The reaction is, therefore, pseudo first order or pseudo 
unimolecular reaction.] 
The bromination of acetone that occurs in acid solution is 
represented by ; 
CH,COCH; (aq. )+ Br, (ag.) —> CH,COCH,Br (aq. ) 
+ H*(aq.)+ Br° (aq.) 
These kinetic data were obtained for given reaction 
concentrations: 


a ee gh PREECE PERRO MRM a PCE I RRP EN EE NPE, ROE AOE BREE RE TS AS ey ERS ER 


Initial rate of 


- Initial concentrations (™) 


[CH,COCH,] |. [Br,] ‘[H*} isappearsice of 
ee : ; Br,, Ms” 
0.30 0.05 0.05 5.7x107> 
0.30 0.10 0.05 $:7x10°* 
0.30 0.10 0.10 1,2x1074 
0.40 0.05 0.20 3.1.x 1074 
[CBSE (PMT) 2008] 


Based on these data, rate equation is : - 
(a) Rate = k[CH,COCH, } [Br, ][H* F 
(b) Rate = k[ CH;COCH; ] [Br,] [H*] 
(c) Rate = k [(CH,COCH; ][H* ] 


(d) Rate = k[CH,;COCH, ][Br, ] 
[Ans. (c)] 


(Hint : Rate = k [CH;COCH; ]* [Br]? [H* 


5.7x 107 5 = k[0.30]* [0.05]* [0.05] (i) 
5.7107 5= k[0.30]* [0.10] [0.05]* di) 
1.2.x 1074 = &[0.30]* [0.10]* [0.10]” (iii) 
3.1x 1074 = &[0.40}* [0.05] [0.20] iv) 


Dividing eq. (i) by eq. (ii), 


rit 
l=|—j], ie, =0 
H ie, B 


Dividing eq. (ii) by eq. (iii), 


La[2], te ei 
2 {2}? °° 


Dividing eq. (i) by eq. (iv), 
5.7x 107° acl {4 
3.1X 3.1x102 4 

Thus, rate law will be 


rate = k [CH,COCH, }' [H* }'] 
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Knowledge about involved steps in a reaction, and to determine 
which step is slowest or rate determining, is called mechanism. 

The intelligent guess depending on the observed rates of 
reactions about the series of steps (known as elementary 
processes) leading to the formation of products is called the 
reaction mechanism. 

For illustration a few examples of reaction mechanisms are 
given below: 

1. The reaction between H, and I, to form hydrogen iodide 
was originally postulated as a simple one step reaction. 


H, +1, = 2HI 
Rate = A{H, |[I,] 


But, the formation of HI has been explained on the basis of the 
following mechanism: 
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ig=S21 (ies 2) 


H, +1 —>H,I (fast) ... (ii) 
H,I +1 —> 2HI (slow) _... (iii) - 


Overall reaction: H, +1, —— 2HI. 


2. The reaction of NO and Br, is known-to be of second 
order in NO and first order in Br. 
2NO + Br, ——> 2NOBr © 
Rate = k [NO]? [Br, ] 
The likelihood of three molecules (2 molecules of NO and | 


molecule of Br,) colliding simultaneously is far less than the 
likelihood that two molecules will collide. 


The mechanism is believed to be as under: 


NO+Br,——>NOBr, _ (fast) _... (i) 


kk’ F 
NOBr, + NO—> 2NOBr (slow)... (ii) 


Overall reaction: 2NO + Br, —,2NOBr 
The rate determining step involves 1 molecule of NO and 1 
molecule of NOBr,. Thus, the expected rate expression should be. 
Rate = k” [NOBr, ][NO] . 
However, NOBr, is a reaction intermediate and its 


concentration at the beginning of second step cannot be directly 
measured. 


Concentration of NOBr, will be equal to 
[NOBr, ] = k’ [NO][Br, ] 
If this is substituted in the above equation, we get 
Rate = k’ k” [NO]*[Br, ] 
= k{NO]? [Br ] 
3. Depletion of ozone takes place in the following steps: 
Overall reaction: 


20; —>30, 
Step 1: 0; =— 0, + [0] (fast) 
(Equilibrium constant K, } 
k 
Step 2: +{O]——> 20, (slow) 
Rate = k[O ][O] ws (i) 


Nascent oxygen [O] is not present in overall reaction; thus it 
should be eliminated. 


_ [0,110], [05] F 
; [O]= K, 3: a 
“ [03] da [Oz] ” 
From egs. (i) and (ii), 
Rate = k[O;]- K, Oy 
2 


=k K, [0;]° (o,7" 
=K[O,)[0,}' 
K=kxK, 
Order = 2-1=1 


536 G.R.B. PHYSICAL Ces Fo CoMeerniON 


40 REACTIONS OF VARIOUS ORDERS 
(i) Zero order reactions 

A reaction is said to be of zero order if its rate is independent 
of the concentration of the reactants, i.¢., the rate is proportional 


to the zeroth power of the concentration of the reactants. 
For the reaction 


pO eh Le A -——> Products 
to be of zero order, 
Popa =k 
.. dt 
Some photochemical reactions and a few heterogeneous 
reactions are zero order reactions. Such reactions are not 
common. ; 
Examples: 
1, Photochemical reaction between hydrogen and chlorine: 


Av 
H,(g)+Cl,(g)—> 2HCl(g) . ss 


This photochemical’ reaction’ is zero order reaction. The 
reaction is studied by placing H, and Cl, gases over water. The 
rate of reaction is studied by noting the rate at which water rises 
in the vessel due to dissolution of HC| formed. The rate of rise of 

- water is the same as the rate of disappearance of H, and Cl, ,ie., 
the concentration of the gases per unit volume in the gaseous 
phase. will not change with time, although the quantities will 
change. 


2. Decomposition of N,O on hot platinum surface: 
N,O0——>N, + : O, 


Rate «[N,O]° = &[N,O]° =k 
a{N2O] _, 
dt 


3. Decomposition of NH, in presence of molybdenum or 
tungsten is a zero order reaction. 


or 


* [Mo] 
2NH, -———> N, + 3H, 

The surface of the catalyst is almost completely covered by 
NH, molecules. The adsorption of gas on the surface cannot 
change by increasing the pressure or concentration of NH,. Thus, 
the concentration of gas phase remains constant although the 


product -is formed. Therefore, this reaction shows zero order ~ 


kinetics. 
Other examples of zero order are: 
4. Decomposition of HI on the gold surface. 
5. Jodation of acetone in presence of H* ions, 


CH,COCH, +1, ——ICH,COCH, + HI 


The rate equation of this reaction does not include [I, ] 
factor, i.e., 


- = K{CH,COCH, |[H *] 


Characteristics of zero order reaction 
(a) The concentration of reactant decreases linearly with time. 


[4], =[4]o - 


(b) The time required for the reaction to be complete, iLe., 
time at which [A ]is-zero. 
aceaele [Alo ™ Initial concentration 
~ ik Rate constant 
(c) The units of k are mol L! time! 


(ii) First order reactions 
A reaction is said to be of first order if its rate is determined by 
the change of one concentration term only. 
Consider the reaction, 
A—— Products 
- Let abe the concentration of A at the start and afier time 7, the 
concentration becomes (a-x),i.e.,x has been changed into . 


products. The rate of reaction after time ‘?’ is given by the © 
expression 


dx 
—=k({a-x 
ee 
or aes =i dt 
(a-x) 
upon integration of above equation, 
[ i zkl at 
(a=) 
or ~log, (a-x)=At+e 
where c is integration constant. 
When ¢ = 0, x=0, 
‘ c=—log, a 
" Putting the value of ‘c 
sae (a= x)=kt—-log, a 
or log, a—log, (a-x)=it 
a 
or log, ———=At 
ee (a-x) 
or k= 220 log 39 : 
t (a~x) 


This is known a the kinetic equation for a reaction of the first 
order. The following two important conclusions are drawn from 
this equation: . 

(a) A change in concentration unit will not change the 
numerical value of k. Let the new unit be x times the first one. 


So, 4 2.303 na 


or k= 


Thus, for first order reactions, any quantity which is 
proportional to concentration can be used in place of 
concentration for evaluation of ‘k’. 

(b) The time taken for the completion of same fraction of 
change is independent of initial concentration. For example, 
for half change, 

x=0.5a and t=t). 
2.303 a _ 2.303 


hin 05a V2 


log 1p 2 
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= 0.693 
hy 


0.693 05 
or he 7 ee. 


Thus, t,;2 is independent of initial concentration ‘a’. 

This time ‘?’ in which the initial concentration becomes half is 
termed as half life period. Half life period of a first order 
reaction is independent of the initial concentration of the reactant. 

Since, the velocity constant is independent of concentration 
and depends inversely on the time, the unit of & will be time zh 
i.e,sec' ormin™ orhour™. The equation of the first order can 
also be written in the following form when initial concentration is 
not known: , 


oo Io 
(t, - 4) 
(a ~x,) is the concentration after time ¢, and (a- x, ) the 
_ concentration after time ¢, when ft, >¢,. 

When the log of the concentration of the reactant at various 
intervals of time is plotted against the time intervals, a straight 
line is obtained (Fig. 8.13). The slope of this line gives the value 
2.303/k, from which & can be evaluated. © 


c 
s 
3 
& 
® 
Oo 
c 
[=] 
oO 
3 
=i 
Time —~ 
Fig. 8.13 


Examples of first order reactions 
1. Decomposition of H,O, in aqueous solution. 


H,0, ———> H,0+ ; 0, 
2. Hydrolysis of methyl acetate in presence of mineral acids. 
CH,COOCH, + H,0———> CH, COOH + CH,OH 
3. Inversion of cane sugar in presence of mineral acids. 
CHO, + HpO——> CoHy2Oe + CoH. Oe 


4. Decomposition of ammonium nitrite in aqueous solution. 
NH,NO, ———>N, + 2H,O 
5. Hydrolysis of diazo derivatives. 
C,H;N=NCI1 + H,O ——> C,H,OH+N, + HCl 


Note: Incase of gases, pressure can be used in place of concentration. 
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First order growth kinetics 
It is used for population growth and bacteria multiplication, 
€.2.5.. : Geabrakt cus wimiter fs ane 
Time Population 
0 a 
dt (a+x) | 
Growth rate is directly proportional to present population. 


ax 
—— OF + 
dt Go 


=k(at+x) 


de 
aa wa (i) 


It is ‘a differential equation of first order and first degree in 


variable separable form. It may be solved on integration. 
[ inkl are 
(a+x) 


log, (a@+x)=kt+e wa (ii) 
Here, c = integration constant 
At t=0, x=0 
. log, a=kxO+e 
; c=log, a 
Substituting the value of‘ c’ in eq. (ii), we get 
log, (a+x)=kt+log, a 


... (iii) 


kt=— log, 


This is the kinetics for first order growth kinetics. 
Note: - (1) If volumes of reagents are given in volumetric analysis 
then we use the following equation to determine rate constant: 


where, V, = volume used at zero time, 
V, = volume used at time ‘?’, 
V,, = volume used at infinite time 
CaseI: When V, is not given, we use 
2.303 , ° V. 


Case li: When V,, is not given, then 


(2) If information is given in terms of angle of rotation of 
optically active compounds, measured by polarimeter with 
respect to time, then 


2.303 r— % 
k= ct | a | 
f Too Te 
where, % = angle of rotation at zero time, 
7, = angle of rotation at time ‘?’, 
r, = angle of rotation at infinite time 
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Casel: If % is not given, then 
303 re 
= logio3- meh 2 
—h 
Case ll: Ifx, is not given, then’ 


k- = logio {4| 


(3) If pressure is given in gaseous reactions, then we use the 
following kinetic equation: 


5 = 2303 oe | Po | 
t Py-x 


where, Po = pressure of reactant at initial stage, 
( Po ~ ¥) = pressure of such a reactant at ‘? time. 


Values of ‘po’ and ‘x’ can be calculated using the following 


examples: 
A(g) —> Big) + C(g) + Dig) 
Att=0 Po o- oO 0 
Pressure after time ‘t’ (py-x) x x x 
Pressure after a long 0 Po Po Po 


time or infinite time 
Case I: If total pressure of reaction mixture is given in place of 
pressure of reactant, then : 
=(py-xtx+x4+x) 
where, p, = ‘ita of vessel at time ‘?’. 
Case II: If pressure of vessel after a long time or infinite time is 
given, then 


Poo = Po + Po au Po 
(iii) Second order reactions 


A reaction is said to be of second order if its reaction rate is _ 


determined by the variation of two concentration terms. 
The kinetics of'second order reactions are given as follows: 
(a) When concentrations of both reactants are equal or two 
- molecules of the same reactant are involved in the change, i.e., 
A+ B—— Products 
or 24 —— Products. 


dx 2 
“=ka-xy, 
i (a-x) 


On solving this equation, 
— 1 x * 
t a(a-x) 
where, a = initial concentration of the reactant or reactants and 
x = concentration of the beactant changed i in time f. 


(b) When the initial concentrations of the two reactants are 
different, i.e., 


A + B—> Products 


Initial conc. ab 
—=k(a-x)(b-x) 
7 2.303 i ee x) 
t(a- ra 0 a(b - x) 


(a—x)and (b - x) are the concentrations of A and B after time 
interval, f. 


Characteristics of the second order reactions 


(i) The value of & (velocity constant) depends on we unit of 
concentration. The unit of & is expressed as (mol/ litre)" time~ ae 


or litre mol time7’. 


(ii) Half life period Gps eS 


k ax05a_ ka 
Thus, half life is inversely proportional to initial concentration. 
(iii) Second order reaction conforms to the first order when 
one of the reactants is present in large excess. 


Tne bao eg 
t(a 


, ifa>>> b then 


~b) a(b— 
(a -x)=aand (a- b)=a 
Hence, k = 7 303 log 10 ba 
ta a(b ~ x) 
2.303 b 
or ka =k’ = —— lo 
. ee! ew) 


(since, ‘a’ being very large, may be treated as constant after the 
change). Thus, the reaction follows first order kinetics with 


‘ respect to the reactant taken relatively in small amount. 


- Examples of second order reactions 


1. Hydrolysis of ester by an alkali (saponification). 
CH,COOC,H,; + NaOH —> CH,COONa + C,H;OH 
2. The decomposition of NO, into NO and Q,. 
2NO, —— 2NO+ 0, 
3. Conversion of ozone into oxygen at 100°C. 
20; ——30, 
4. Thermal decomposition of chlorine monoxide. 
2C1,0—> 2Cl, + O, 


(iv) Third order reactions 


A reaction is said to be of third order if its rate is determined 
by the variation of three concentration terms. 

When the concentration of all the three reactants is same or 
three molecules of the same reactant are involved, the rate 
expression is given as: 

3A —— Products 
A+B+C—> Products 
ax 3 
—=k(a-x 
A (a-x) 
On solving this equation, 


1 x(2a-x) 


k= 
t 2a*(a~xy 


Characteristics of third order reactions 
1. Half life period 
1 0.5a(2a- 0.54) _ 
ko @ (0.5a)* 


0.5a x 1.5a 
Serer 
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8 
2a*k 
Thus, half life is inversely proportional to the square of initial 
concentration. 


2. The change in the unit of concentration changes the 
numerical value of k. 


3. The unit of & is expressed as (mol/ litre)? time”! or 
litre? mol time. 


Examples of third order reactions 
1. Reaction between nitric oxide and oxygen. 
2NO + 0, ——> 2NO, 
2. Reaction between nitric oxide and chlorine. 
2NO+ Cl, ——~ 2NOCI 
3. Reduction of FeCl, by SnCl,. 
2FeCl, + SnCl, ——> SnCl, + 2FeCl, 


Expressions for rate constant for reactions of different 
orders: 


Reaction Order Rate law ‘eqn. Expression for rate const. 


A—Products 9 Rate =k =~ [[4]o-[4]] 
A-—> Products 1 Rate =k[A] be og Ao 
t [A] 
2A— Products 2 Rate=*{A]* etek 
7 t|[A] [Alo 
A+B _ pw 2303 | [Blof 4] 
Products 2 Rae- MAMPI Tear) [Ald] 


3A—Products 3 


Aepigyes tbat) ashen 
cae ap aa 


Parallel! or Competing reaction 


The reaction in which a. substance reacts or decomposes in 
more than one way are called parallel or side reactions, 
; iy 


A 
kz 
Cc 
wohl (hy +B MAIS #,, LAI 
at 


k, = fractional yield of B x k,, 
k, = fractional yield of C x k,, 
If k, >> k, then, 
A——Bmainand | 
A ——> Cis side reaction 
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Let after a definite interval x mol/litre of B and y mol/litre of C 
are formed. 


zouk 
y ky 
i d(B] /d{C]_ ky 
_ a / dt k, 


Variation of concentration A, B and C with time may be 
graphically represented as, 


Conc. 


Time —>. 


Fig. 8.14 
Examples: 
OH 
NO, 
i (Main) . 
. a OH 
(i) | 
SN 
(Side) 
| 
NO, 
hy ; ; 
Cl + HCl (Main) 
(ii) 
C,H,.Cl, (Side) 


Consecutive reaction 


This reaction is defined as that reaction which proceeds from 
reactants to final products through one or more intermediate 


stages. The overall reaction is a result of several successive or 
consecutive steps. 


A—— B——>C and so on 
Examples: (i) Decomposition of ethylene oxide: 
k 


(CH, ),O0 ——> CH,CHO 


ka 
CH,CHO———» CO+ CH, 


(ii) The pyrolysis of acetone: _ 


Ketene 
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CH, =C=0—>- CH, +cO 


Concentration ——> 


Fig. 8.15 
Variation of concentration of various substances during the 
progress of reaction (A-> B > C} 


Let initially (¢=0), [B]=0 and k, <k, then maximum 
concentration of [B] may be calculated as, 


k Kalk; — kz 
[B]max =LA]o | 
2 


where, [A] = initial concentration of A 
Time in which B attains maximum concentration may be given 


as, 
2.303 ky 
tence log | 
mE o( 2 | 


Concentration of [B] after time ‘t’ may be calculated as, 


al [A] wkyt iw kot 
Bee eee 


Activation energy diagram of a composite reaction involves 
more than one peaks and number of peaks indicate the number of 
different types of activated complexes involved. The number of 
valleys in the activation energy diagram indicates the number of 
different types of reactive intermediates involved. 


* —» Activated complex 
1 -» Intermediate 

AH = +ve, endothermic 
reaction 


Reaction coordinate ——> 


Fig. 8.16 Activation energy diagram 
of a two steps composite reaction 


Energy Diagram of two Steps Reaction 
Let us consider a reaction of the type : 
, A Step ! B Step 2 xC 


These are two possibilities in this reaction 


(Exothermic) 


So oo err Brg END PRR CTE ETSI ETS TE ELAN MT 
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First possibility : . 
Step 1 A—— A” —+B 


Step 2 B——> B” —>C 


! 


Potential 
Energy 


Reaction coordinate ——» 
Fig. 8.17 


Activation energy of step 1 is greater than that of step 2 thus 
step 1 will be slow and rate determining. 
Second possibility : 


! 


Potential 
Energy 


Reaction coordinate —» 
Fig.8.18 


Activation energy of step 2 is greater than that of step 1 hence 
step 2 will be slow and rate determining 


Reversible Reactions 
_ The reactions in which the products of chemical change react 
together to form the original reactants, are called reversible 
reactions. These are also called opposing or counter reactions. 
‘Let us consider a reversible reaction in which both forward 
and backward reactions are of first order. 


A — 
ka 
Initial state (¢ = 0) a 0 
Conc. at time (7) a-Xx 
Equilibrium conc. (a~X, Xe 
Ree 2.303 ie | Xe | 
ee t X, —X 


11. METHODS FOR DETERMINATION OF 
ORDER OF A REACTION 


The important methods used are the following: 
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1. Method of integration (Hit and trial method) 


The most simple method is the one in which the quantities 
a,x and f are determined and substituted in the kinetic equations 
of various orders. The equation which gives the most constant 
value for the specific rate constant (4) for a series of time 
intervals is the one corresponding to the order of reaction. If all 
the reactants are at the same molar concentrations, the kinetic 
equations are: , 


k= 2303 log jo 2 , for first order reactions; 
t (a~x) 

if 1 1 ae ay 
k=-|———---—|, _ for second order reactions; 

t|(a-x) a 

1 1 | ; : 

k=—|—_—_—_— - els for third order reactions. 

2t | (a—- xy a 


2. Graphical method 


A graphical method based on the respective rate laws can also 
be used. 

If the plot of log (a~x) versus ‘t’ is a straight line, the 
reaction follows first order. 


If the plot of ( 


versus ‘t” is a straight line, the reaction 
a-Xx 


follows second order. 
If the plot of 


versus ‘t’ is a straight line, the reaction 
(a-xy 


follows third order. 


In general, for a reaction of nth order, a graph of ae 
(a-x)"" 
versus ‘t’ must be a straight line. 


3. Half life method 
A general expression for the half life, (¢,,. ), is given by 


where, ‘n’ is the order of the reaction. 

Starting with two different initial concentrations a, and a, for 
the same reaction, the half lives are (t,/.), and (t,;> )2 
respectively are determined. As we know that, 


(ty) = @ 
1 ‘ 
and (yan 2 wi) 
a, . 
Dividing eq. (i) by eq. (ii), 
: (ty )t -(2) Gii) 
(ty 2 a, d 


Taking logarithms on both sides, 


log io (ty2 1 — 10810 (42 Jo = (# — Ilog yp @2 — log jo a] 
— logo (ty2 1 — 10810 (v2 da 


(n-1) 
log jp 42 — logig a 
lo tie) —legig (t 
- 5 agp Oats (ty2)1 — logio (ty2)2 vy) 

log jp 42 — log yo 2, 

Plots of half lives vs. concentration (¢,, «<@'~"): 

t Zero order Ist order ' 2nd order 3rd order 

x a g a : 

Conc.—> : Conc. —> 1/a—> tla? —> 


This relation can be used to determine order of reaction ‘7’. 


4. van’t Hoff differential method 


As we know that, the rate of a reaction varies as the nth power 
of the concentration of the reactant where ‘n’ is the order of the 
reaction. Thus, for two different initial concentrations C, and C2, 
equations can be written in the form 


ay = kc,” and ee dC, = kC," 
dt dt 
Taking logarithms, 
dC : 
log io (- “) =logig K+ nlogyy C, .@ 
and log 19 (- <2 = log ig kK +n logy Cy . Gi) © 


Subtracting eq. (ii) from eq. (4), 


dC - 
log io (- a) — log jo ( 
dc, ) dC 
log io - a — logio - we 


log io C, — logyy Cy 


1) = n (log jo Cc = log io C2) 


or a= . ve (iti) 
dC dc : : . 
~ 7 and — os are determined from concentration vs. time 
t 


graphs and the value of ‘n’ can be determined. 


222383 @{Some Soiven Exampies\ $8333: 5 


Example 20. Rate of a reaction A+ B-—» product, is 
given as a function of different initial concentrations of A and B. 


[4] [Bi Initial rate 
(mol L~') (mol LE) (mol LO min”) 
0.01 0.01 0.005 
0.02 0.01 0.010 


0.01 0.02 0.005 


AM MLAS HAR 


a PRATER Se OEE SEES EBS NET RARE ENES BI oct Be SRT 
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Determine the order of the reaction with respect to A and w.rt. 
B. What is the half life of A in the reaction? 

Solution: Let the rate of reaction be 

Rate = AL AJ‘ [B]” 

From the data given, it is clear that by doubling the 
concentration of A, the rate also becomes double when B is kept 
constant. Thus, the rate is directly proportional to concentration 
of A. 

Rate <[A], ie, x=1 
Or the order of reaction w.r.t. A is 1. 

When the concentration of A is kept constant and the 
concentration of B is doubled, the rate does not change, ie, 
y = 0; or the order of reaction w.r.t. B is zero. 


Thus, reaction rate, — bad = k[A] 


Again =——" =0.5min 
0.01 


0.693 _ 0.693 386 min 
0.5 ; 


Half life of A = 
"Example 21. Thermal decomposition of a compound is of 
the first order. If 50% of a sample of the compound is 
decomposed in 120 minutes, how long will it take for 90% of the 
compound to decompose? 


Solution: Half life of reaction = 120 min 
We know that, 
jo 282 2003 595 eto? nda 


Applying first order seer equation, 


t= ~ Jog - : 
If a = 100, x=90o0r (a-x)=10, 
So, 1-238 tog, 10= 22 _ = 399 min 
5.77 x10" . $.77X 107 


Example 22. The decomposition of Cl,O, at 400 K in the 
gas phase to Cl, and O, is a first order reaction. 


@) After 55 seconds at 400K, the pressure of Cl,O, falls from 
0.062 to 0.044 atm. Calculate the rate constant. 


(ii) Calculate the pressure of Cl,0, after 100 seconds of 
decomposition at this temperature. 


Solution: (i) As pressure « concentration, 
2.303 ‘ P; (initial pressure) 
= P, (pressure after time ¢) 


AION. OOS? ce h cigs 
0440 


“= Gi) Again applying the first order kinetic equation, 


2.303 P, (initial pressure) 
ba i 
t P, (pressure after time 2) 


G.R.B. PHYSICAL CHEMISTRY FOR COMPETITIONS 


2.303 0.062 


6.2x10° = saa 
08 10 P, 
6.2x107 x 100 
or —- = log ,, 0.062 — log j) (P 
7303 810 B19 (P,) 
or 0.2692 = log jp 0.062 — log yy (P, ) 
or log 19 (P, )= log) 0.062 — 0.2692 


= (2.7924 — 0.2692) 


P, = 0.033 atmosphere 
Pressure after 100 sec = 0.033 atm 


Example 23. The half life of a first order reaction is 60 
min. How long will it take to consume 90% of the reactant? 
Solution: For the first order reaction 


je 0929 008 58107 min 


hie 
Applying first order kinetic equation, 


t = —— log = 
k ”™ @-x) 
Given: a=100,x=90, ie, (a—x)=(100— 90)=10 
Hence, t= oe ee log jg 10 
11.55x 10" 
= 199 min 
“Example 24. 4 first order reaction has a rate constant of 
15x 10° s!. How long will 5.0 g of this reactant take to reduce 
to 3.0 g? 
Solution: Applying first order kinetic equation, 
2.303 a 
t= log 19 ————> 
k .(a-x) 
Given:  k=15x107 sec!,a=5g,(a-x)=3g 
2.303 5 
So, 


eae log io 34.07 sec 

Example 25. Catalytic decomposition of nitrous oxide by 
gold at 900°C at an initial pressure of 200 mm was 50% in 53 
minutes and 73% in 100 minutes. 

(a) What is the order of reaction? 

(b) How much it will decompose in 100 minutes at the samme 
temperature but at an initial pressure of 600 mm? (IIT 1990) 

‘Solution: (a) Using first order kinetic equation and 

substituting given values, 


In first case: k= aN log jo care 0.0131 min! 
53 200 ~— 100 

In second case: k = oO Tg 10 aN 2s 0.0131 min™! 
oh 200 ~ 146 


As the values of & come out to be the same in both cases, the 
reaction is of first order. 
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(b) As in the first order reaction, the time required for the 
completion of same fraction is independent of initial 
concentration; the percentage decomposition in 100 minutes 
when the initial pressure is 600 mm will also be 73%. 

_.: Example 26. A substance reacts according to the first 
order rate law and the specific reaction rate for the reaction is 
1x 107 57'. Ifthe initial concentration is 1.0 M. 

(a) What is the initial rate? 

(6) What is the reaction rate after | minute? 

_ Solution: (a) Initial rate of a first order reaction = kC 


=1x10 x1.0=1x10 mol L7 s7 


(b) Concentration after 60 seconds is calculated by applying 
first order kinetic equation, 


~~ 2303 | . 1 
60 (1—x) 
or 1x 107 Bacay a log (1- x)] 
; 60 
—2 
or sla =~log (1— x) = 0.2605 
2.303 


log (1- x) = — 0.2605 
= 1.7395 
(1- x)= antilog of (1.7395) = 0.5489 mol L™ 
Rate of reaction after 1 minute = k x C 
=1x 107 x 05489 
= 5.489x 10° mol L™! s7! 


Example 27. 4 first order reaction is 50% completed in 30 
minutes at 27°C and in 10 minutes at 47°C. Calculate the reaction 
rate constant at 27°C and the energy of activation of the reaction 
in kJ mal”, 


Solution: For first order reaction k = ee: 

fie 
At 27°C, Paget — = 00231 min ~! 
At a7’, Iago = oe = 0.0693 min” 


10 
Now applying the following equation: 


ky ~-E, T, ” qT; i 
log io = . 
k, 2.303xR \ Ty -T, 
0.0231 -E, 320 — 300 | 
or log 19 ——— = ———_— ‘| ———_- 
0.0693 2.303x 8.314 | 320x 300 | 
de aie 0539S a a 2° 


19.1471 96000 

_ 19,1471 x 96000 
20 

= — 91906 x (- 0.4772) 

= 438573 mol”! = 43.857kJ mol” 


E = x log 0.3333 


a 
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Example 28. In Arrhenius equation for a certain reaction, 
the values of A and E., (activation energy)are 4 x 10° sec”! and 


98.6 kJ mal respectively. If the reaction is of first order, at 
what temperature will its half life period be 10 minutes? 


(IT 1999) 
Solution: According to Arrhenius equation, 
k= Ae Ea (RT 
E 
or le Flee eA S 

yom E, 
or 2.303 log jp & = 2.303 logy) 4 -—* 
RT 

0.693 


For a first order reaction ty. = ree 


= — gece (ty. = 10min = 600 sec) 


So, fe ae 


‘= 1.1x 107 sec™! 


: r 98.6x 10° 
Hence, log (1.1x 1077 )= log (4.x 108 ) —- ——-— 

EA OE )= log ( ) 2.303 x 8.314xT 
T =310.95K 


Example 29. A second order reaction, in which both the 
reactants have same concentration, is 20% completed in 500 
seconds. How much time it will take for 60% completion? 


Solution: The second order equation when both the 
reactants have same concentration is 
21.38 
t a(a-x) 
If a=100, x=20, t=500seconds. 
1 20 
So, k=— X ———__—_——_ 
500 100x (100-20) 
When a=100, x=60, t=? 
;-1,_0 
k 100x 40 


Substituting the value of k, - 
1 = 300x 100x 80 60 
20 100 x 40 


or t = 3000 seconds 


Example 30. 4 first order reaction. is 20% complete in 10 
minutes. Calculate the time taken for the reaction to go to 80% 
completion. 


Solution: Applying first order equation, 


100 
(100— 20) 


sao log jy — = 0.0223 min“! 
10 80 
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Again applying first order equation, 
2.303 100 

(= — en 
k (100 - 80) 

_ 2.303 7 100 

0.0223”! 20 

= 72.18 min 

Example31. The decomposition of dinitrogen pentoxide 


(N40, ) follows first order rate law. Calculate the rate constant 
fiom the given data: 


t = 800 sec [N05 ]=1.45 mol L' =[A,] 

o 
t=1600sec  [N 0,]=0.88mol L' =[A,] 
Solution: Applying the formula, 


2.303 lope [41] 

(t2 -t)) [4] 
2.303 1.45 
TAA BARY Ph el0 on 
(1600 — 800) 0.88 


= 2303 0.2169 = 6.24 x 10% sec™! 
800 


Example 32. The decomposition of NO, according to the 
equation, 
N05 (g)—> 4NO2(g) + O2(g) 
is a first order reaction. After 30 minutes from the start of the 
decomposition in a closed vessel, the total pressure developed is 
Sound to be 284.4 mm Hg and on completion, the total pressure is 
584.5 mm Hg. Calculate the rate constant of the reaction. 


(IIT 1991) 
Solution: 2N;0, ——> 4NO,.+ O, 


On decomposition of 2 moles of N,0,, 4 moles of NO, and 1 
mole of O, are produced. Thus, the total pressure after 
completion corresponds to 5 moles and initial pressure to 2 
moles. 


Initial pressure of N,O., py = : x 584.5 = 233.8 mm Hg 
After 30 minutes, the total pressure = 284.5 mm Hg 
2N,0, —— 4NO, +0, 


Po~ 2p 4p P 
or Po + 3p = 284.5 
or 3p = 284.5 — 233.8 = 50.7 mm Hg 
or p= a = 16.9 mm Hg 
Pressure of N,O, after 30 minutes = 233.8 — (2x 16.9) 
/ = 200 mm Hg 
k= 7 2.303 —— log jo 233.8 =5.2x10° min 


30 200.0 


Example 33. The gas phase decomposition of dimethyl 
ether follows first order kinetics. 


CH OCH; (g)—> CH, (g)+ Hy (g)+CO(g) | 


The reaction is carried out in a constant volume container at 
500°C and has a half life of 14.5 minutes. Initially only dimethyl 
ether is present at a pressure of 0.40 atm. What is the total 
pressure after 12 minutes? Assume ideal gas behaviour. 


(IIT 1993) 
Solution: k= 0.693 _ = os = = 0. 047793 min”! 


Let the pressure of dimethyl ether after 12 minutes be p atm. 
Applying first order equation, 


2 2: 303 log 1 2 Po 
i log io 04. oortis x1 = 0.2490 
Pp 2.303 
or a = 1.7743 
P 
or ys 04. 299554 sen 
1.7743 


Decrease in pressure, x = 0.4 — 0.2254 = 0.1746 atm 


CH; 0CH;(g) —> ae (g)+ H,( (g)* on) 
‘ial prestare = Dot 2x 
= 0.4+2x 0.1746 
= 0.7492 atm 
_. Example 34. The half life of first order decomposition of 
nitramide is 2, hours at 15°C. 


NH,NO;(aq.) —> N,O(g) + H,O(1) 


[f6.2g of NH,NO, is allowed to decompose calculate (i)time . 
taken for NH,NO, to decompose 99% and (ii) the volume of dry 
N,O produced at this point, measured at STP. (LIT 1994) 

; : 0.693 _ 0.693 

Solution: (i) = = = 


2.303 a 


2.303 100° 
or t = —— log jy ———— 
0.33 (100 ~ 99) 
= 13.96 hrs 
(ii) No. of moles of NH,NO, decomposed 
=0.99x 92 
- 62 
= 0.099 
No. of moles of N.O formed = 0.099 
Volume of N20 at STP = 0.099°x 22400 mL 


= 2217.6 mL 
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Example 35. 
between A and B: 


From the following data for the reaction 


3 sal : gig 
_ Expt. [4] {Bl Initial rate (mol L i. 


No. (molE") (mol LE") ag 320K 
GQ) .2sx1o* = 30x10 5.0x10* = 20x 108 
@) 5.0x107 60x 1540x103 | 
@) “1.010% 


6.0x105 1.6107 
Calculate the following: 
(@) The order of the reaction with respect to A and with 
respect to B, 

' (ii) The rate constant at 300K, 
(iii) The energy of activation and 
(iv) The pre-exponential factor. 
Solution: (i) Let the rate law be: 


Rate = KAT [BP 


(HIT 1994) 


From expt. (1), 50x 10 = 425x107} [3.0x10°)” —... @) 
From expt. (2), 4.0x 107 = &[5.0x 10 }*[6.0x 10°)” _ ... (ii) 


= : 
Dividing eq. a by eg. (i), sue 2-27 =8 
5.0 x 10 


From expt. (3), 1.6x 107 = 1.0 X10° 7 [6.0x 10°)... (iii) 


| aro 

Dividing esta by cacti; 2 So bg 
; 4.0x10° 

or , x=2 and y=] 


Hence, order w.rt. A is 2nd and order w.rt. Bis Ist. 
(ii) | Rate = k-[A]’[B] 


From expt.(1), 5x 10~ = &{2.5x 10 ]7[3.0 1079] 


5x 107 


Pe aac) Sa ee a = 2.67 x 108 1 mol s? 
[2.5x 10 }?[3.0 10] 


or k= 
(iii) From Arrhenius equation, 
(20X10 E, 20 | 
° 5.0x 107 2.303 x 8. 314 300x 320 
_ 2.303 x 8.314 x 300x 320 
20. 
= 55,333 kJ mol” 


E X log jp 4 


a 


é : E 
iv) Applying log,,.k =log,, A—- 2 
(iv) cs & 1OZ10 10 2303RT 


A» - §5.333 = 9.633 
k- ~ 3303 x 8.314 x 300 


log 10 
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or Lae 4.29x 10° 
. ko 
or A=4.29x 10° x 2.67 10° 


=1.145~x 108 


Example 36. At a certain temperature, the half change 
period for the catalytic decomposition of ammonia were joint as 
follows: 


Pressure (Pascals): 6667 13333 26666 


~ Half life period in hours: 3.52 1.92 1.0 


Calculate the order of reaction. 


Solution: - 


(42) -|2 


n~-1 
) where, n is order of reaction 


(ty2)2 (4 
From the given data, 
3.52_(13333\" oa 
<= =| ——— (a <initial pressure) . 
1.92 6667 


=(2)"7! 
3.52 
log ——— = (n — l) log 2 
are (n ~ l) log 
= 0.3010 (xn - 1) 
0.2632 = 0.3010 x (nm - i) 
n=1.87=2 


Similar calculations are made between first and third 
observations. 2 comes equal to 1.908 (= 2). 
Thus, the reaction is of second order. 
- Example 37. On heating, arsine (AsH, \decompaseea as: 
. 2AsH,(g)——> 2As(s) + 3H (g) 


The total pressure measured at constant temperature and 
constant volume varies with time as follows: 

t(min) — 0 5 de 10 

pimm Hg 760 . 836 866.4 896.8 
Calculate the rate constant assuming the reaction to follow the 
first order rate law. 


Solution: For first order, the ‘rate equation is 
Initially after time t 
_ 2.303 ie [A]o _ 2.303 jog Po 
t [4] fe Pp 
given, p) = 760mm Hg. 
The decomposition reaction is: 
i (g) NS) + ae (g) 


Por on 3: 
Total pressure, p, = po — 2x - 3x= po +x 
X= DP; — Po 


PasH, = (Po — 2*)= Po ~ 2p, + 29 = 3p - 2p, 


TOR AGRET EO ERE TI: 
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After 5 minutes, pagy, = (3x 760) ~ (2 x 836) 
. = 608 mm Hg 


k= 2. = log 19 760 


ne = 0.0446 min™ 


After 7.5 minutes, pags, = a x 760) — (2 x 866.4) 


= 547.2 mm Hg 
pee” ipo 0 04se A 
75 547.2 
After 10 minutes, pag, = (3 x 760) ~ (2 x 896.8) 
= 486.4 mm Hg 
= 2303 tog) oe = 0.0446 min 
10 486.4 


“Example 38. Cane sugar is gradually converted into 


. dextrose and laevulose by dilute acid. The rate of inversion is 


observed by measuring the polarisation angle, at various times, 
when the following results are obtained: 


Time(min) 0 10 20 30 40 100. © 
Angle 324 288 25.5 224 19.6 -61 -141 


Show that the reaction is of first order. Calculate the value of t, 
when the solution is optically inactive. 


Solution: In case, the inversion of cane sugar is a first order 
change, then 
k= 2.303 ba [Alo __ 2.303 ‘ 1 — he 


t [A] t ce 


When, t=10, 4 =32.4, 7, =28.8, n=-141. 
2.303 32.4— (-14.1) 


k= Io 
10° 28.8-(-14.1) 
gad log to BP 0.008 min™' 
10 42.9 
When, t= 20,. % =32.4, 4 =25.5, n=-141 


2.303, 324-(-14.1) _ 2.303; 46.5 


a te) oO. 
00. 85214) 20 386 


= 0.008 min ~! 
When, t= 30, 4 =32.4, 4 =22.4,n,=-141 


2.303 32.4-(-14.1) 2.303 46.5 5 
k= — log yo = log 19 
: 30 224-(-14.1) 30 36.5 


= 0.008 min™! 


Thus, the reaction is of first order as the value of k is constant. 


The.solution will be optically inactive when half of the cane 
sugar is inverted. 


map) — 0.693 _ 0.693 _ 86.6min 
k 0.008 


_ Example 39. 1 mL of methyl acetate was added to a flask 


containing 20 mL of N/20 HCI maintained at 25° C.2 mL of the. 
reaction ‘mixture were withdrawn at different intervals and 
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titrated with a standard alkali-solution. The following results 
were obtained: 
Time (min) 0 75 119 183 00 
Alkali used (mL) 19.24 24.20 26.60 29.32 42.03. 
Show that the reaction follows first order kinetics. 
Solution: In case the hydrolysis follows first order kinetics, then 
2.303 4 ets 2.303 V—-Vy 
t ° TA] t Ve. -V, 
When, t = 75 min, V,, = 42.03, Vo = 19.24, V, = 24.20 
2.303 (42.03 - 19. 24) _ 2.303 22.79 
= 2 tog yy = a log ig 
75 Se 03 — 24. 20) 75 17.83 
= 0.00327 min ~ 
t=119min, V,, = 42.03, Vo = 19.24, V, = 26.60 
_ 2,303 (42.03 - 19.24) 2.303 . 22.79 
k=——— log ig = O8 10 S277 
119 (42.03 ~ 26.60) 119 15.43 
= 0.00327 min“ 


Since, the values of & are constant, hence, it follows first order 
kinetics. 


:.» Example 40. The gaseous decomposition of ozone 


20, 30, 
2 
obeys the rate law r= — aes). = HOS 
dt [02] 


Show that tie following mechanism is consistent with the 


. above rate law: 


Keg 
0; —= O,.+ O (fast) 


k 
C40, — 320; (slow) 


From the slow rate determining step 
pa MON gy 
dt % 
From the fast reaction, 


Solution: 


or [O]= eh: halal 
. [02] 
Substituting the value of [O] in the above expression 
HO;] Kel, _ KO,7° 


dt {Q,] [O04] 


_ Example 41. For the formation of phosgene from cO(g) 
and chlorine, : 


CO(g) + Ch (g) —> COCI, (g) 
the experimentally determined rate equation is, 


> d|COCL 
i - ors k{CO][Cl, ~? 
Is the following mechanism consistent with the rate equation? 
0) Ch === 2C/ , (fast) 
- Gi) Cl+CO == Cod |. (fast) 
(iii) COCI+ Cl, === COC, +Cl (slow) 


Solution: 


get: 
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Multiplying equation (ii) by 2 and adding (i), we 


Cl, + 2CO== 2C0Cl 
_ fcociy? 
~ (Cl, ]{CO}? 
[coc] = (K) (cl, ]!? [Co] Sulit) 


Slowest step is rate determining, hence, 


Rate = k[{COCII[C1, ] soldi: 


From eqs. (i) and (ii), we.get 


Rate = kK "?(Cl, ]!?[C1, [CO] | 
Rate = k’ (Cl, ]*?{CO} 


os rate ° law i is in accordance with the Saat 


22. 


23. 


24, 


25. 


[Hint: k= 


A first order reaction has half life: of 14.5 ° hrs. 
percentage of the reactant will remain after 24 hrs? 
(a) 18.3% (b) 31.8% (c) 45.5% (d) 68.2% 


2.303 { a 
t a~X 
0.693 _ 2.303, _100 
14.5 24 ? (a-x) 

(a—x) = 31.8%] 


Half life of a first order reaction is 10 min. What % oft reaction 
will be completed in 100 min? 


‘What 


" [Ans.  (b)] 


On solving, 


(a) 25% (b) 99.9%  (c) 75% (d) 80% 
{Ans.  (b)] - 
refines | 0.693 _ 2.303 60| a | 

hye t a~ x} 

0.693 2.303 100 
= log 
10 100 100 — x 
x = 99.9%] 


A certain zero order reaction has k = 0.025M s™ for the 


disappearance of A. What will be the concentration of A after 
15 seconds if the initial concentration is 0.5 !/? 


(a) 0.5 M (b)0.32M (c)O12M (d)0.06M 
[Ans. (c)] . 
(Hint: 
Remaining conc. = 0.5 ~ 0.375 = 0.125 M] 
A first order reaction: 

2N,0(g) —— 2N2(g) + O2(g) 
has a rate constant of 13x10! §1 at 270°C and 
4.5107! 5" at 350°C. What is the activation energy for this 
reaction? 
(a) 15 kJ 
[Ans. -(d)] 


(Hint: log (2) = 
ky 


x= kt = 0.025 x15 = 0.375 M 


(b) 30k} = ©) 68kI_—(d) 120K) 


a ie teas | 
2.303R|T, Th 


27. 


28. 


29, 


| 547 


4.5x10'0\ * E, b ,.d 
ie | re 
13x10 2.303 x 8.314. x10 | 543 623 


E, =120k3] 


*26. The reaction of O,; with chlorine atom is given as: 


O3(g) + Cl(g) — O,(g) + C1O(g); 
“ky =5.2x 10" L mol” se 
C1O(g) + O(g) —> Cl(g) + O2(g); 
ky =2.6x 10'° L-mot™ se 
Which of these values is closest to the rate constant of the 
overall reaction? 


O3(g) + O(g) —— 20,(g) 
(a) 5.2x 10° : (b) 2.6 x 10° 
(c) 3.1x 10° (d) 1.4 x 107° 
[Ans. (a)] 


[Hint: Lowest value of k “shows that the step is rate determining. ; 
Ifa first order reaction takes 32 minutes for 75% completion, 
then time required for 50% completion is: 

[AMU (Medical) > ; 
(a) 32 min __(c) 8 min (d} 4 min 
[Ans. (b)] , 


(b) 16 min 


* (Hint: f= I gf 


\ ax 
When, a = 100, x= 75, t= 32 


gs oe Y O19 (= 0.0433 min! 


32 
Time for 50% completion (,;.) = ose = SUL cele =16 min) — 
k 0.0433 
Rate constant-of a reaction is 175 litre™> mol * sec™'. What is - 
the order of reaction? [CET ¢ e sty EES 
_ (a) First (b) Second = (c} Third (d) Zero 
[Ans. (c)] 
-1 

[Hint: Unit of k'= Ea x sec”! w (i) 

mol ; ; 
Given unit of k = litre’ mol? sec 


we (i) 
Comparing the unit of litre, ° 
n-1=2 

n=3) | 

The half life of a first order reaction having rate constant ~ 
k =1.7 10° sec”! is: 


(JIPMER 2006) 
(a) 12.1 hrs (b)9.7hrs — (c) 11.3hrs (d) 1.8 hrs 
[Ans. (c)] 
0.693 0.693 
int:, t,;5 =——— = ———_~ = 40764 = 11.3 hrs 
Pe AP tages = 


At 500 K, the halflife period of a gaseous reaction at an initial 
pressure of 80 kPa is 350 sec. When the pressure is 40 kPa, the 
half life period is 175 sec; the order of the reaction is: 

{PET (Kerala) 2097 

(a) zero 4) three 
(e) half 


(b) one (c) two 


[Ans. (a)] 
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[Hint: 


n-l=-1 
n = 0 (zero order reaction) } 
31. 90% of the first order reaction is completed in 70 minutes. The 
_ velocity constant of the reaction is: [Comed (Karnataka) 2203] 


{a) 0.0329 — (b) 0.329 (c) 3.29 (d) 0.0293 

- TAns. (a)] 
. 7/7} a0 

isainpie. Ammonia and oxygen react: at hikes 
temperature as, 


ANH; (g) + 50,(g) —> 4NO(g) + 6H0(g) 
in an e periment, the concentration of NO increases by 
1.08 x 10~° mol litre”! in 3 seconds. Calculate: 
(@), rate of reaction, (ii) rate of disappearance of ammonia, 
(iii) rate of formation of water. 


Solution: 
Rate= 7x ate 9x10~* mol litre! sec”! 
(ai), MINIT 4x rate = 4x9x1074 
_ =36x10~ mol litre! sec”! 
; (iii) a, ee 


- = 54x10 mol litre! sec! 


Example 2. Decomposition of N,O5(g) into NO,(g) and 
Oz(g) is a first order reaction. If initial concentration of 
_ N,O5(g), ie, [N2Os]o is 0.03 mol litre™', what will be’ its 
concentration after 30 minutes? Rate constant of the reaction. is 
135x105 


Solution: 22D og, » od 

a i ° [4] 
ree ree a 
30x60 Tay 


[4] = 0.0235 mol litre 


Example 3. Rate . constant 
ethylene oxide into CH, and C 


or the decomposition of 
may be described by the 
1.25x 104 


equation, log k ee i= 14.34 - 
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(Hint: k= 2ouh log ae 
t a-x 
- 2.303 100 
=——— log 
70 100 — 90 
= 0.0329 min] 
32. The half life period of a first order reaction is 1 min 40 
_ -seconds. ealculate its rate constant. (VITEEE 2088) 
Sen ae es (b) 6.93 x 10°? sec”! 
(c) 6.93 x 1073 (d) 6.93 x 10° sec 
Ans. (b)] 


(Hint: k = 


ee a ner = 6.931079 seco !] 
tig 1 


_ MISCELLANEOUS NUMERICAL EXAMPLES.Z, —— 


(a) What is the energy of activation of ips reaction? 
(6) What is the value of k at 670 K? 
Solution: (a) We know that, 


E ; 
log ,, k=log,, 4 - ———— pan i 
B10 B10 4 S0oRT (i) 
; 4 
log ok (s7! ) = 14.34 = = Gi) 


Comparing eq. (i) and eq. (ii), we get . 


——— =1.25x 104 
2.303R 


E=1.25% 10" x 2.303 x 8.314 x 107 
E = 239.339 kJ/mol 


(b) Substituting the value of T, i. e., at-670 K, in 1 equation (ii), 
we get, 


\ 


1.25 x 10* 


“Jog k (8°!) = 14.34 - =+4.3167 


k=482x107 57! 


- .Example 4. 4 drug becomes ineffective - after 30% 
decomposition. The original concentration of a sample was 
5 mg/mL, which becomes 4.2 mg/mL during 20 months. | 
Assuming the decomposition of first order, calculate the expiry 
time of the drug in months. What is the half life of the product? 


Solution: © k= aes lo nats f& 
x y 


a- 


= 0. 00872 month 7! 


Bie time ‘“?” ’ may be calculated as: 
2.303. a 


0.00872 = == io Sega 
70. 


4 aoe sano 


hiya cee 79.4 month 
0.00872 


CHEMICAL KINETICS 


Example 5. Two reactions of the same order have equal 
exponential factors but their activation energies differ by 24.9 
kJ/mol. Calculate the ratio between the rate constants of these 
reactions at 27°C. (R=8.31J K mol )  (Whanbad 1998) 


Solution: We know that, 
; E 
| kos logy, A — 
O08 10 — 10810 2303RT 
Si logiy k log,, A —- P2 
0, Bio 20 = 210 2303RT 
lopiides> <a - vloswicke 
and OB 19 Ay B10 2 303RT 
k E,-E 
log 19 2s ek i 2) 
Ay _ 2.303RT 
ky \___24.9x 1000 
log io = ea ee 
k, } 2.303 8.314 x 300 
k 


2 =2.199x 104 
ky 


Example 6. Pseudo first order rate for the reaction, 
At+tB— +P 


whens studied i in 0.1 M of B is given by — 
_ 4{A]) 
A 
7 = kA] 


where, k =1.85x10* sec”! . Calculate the value of second order 
rate constant. 


Solution: A+B— >P 


ml Cecle 
geet 


_d[A]_ j * on 
Zi, 85x10 well 
“at x[A] (i) 
Assuming the reaction to be of second order, 
_ dA , 
AA) ~ eC AYB 
dt 


4) = K [AIO Gi) 


Dividing eq. (i) by eq. e we get 
_ 1,85x 10* 
k’ [0.1] 
OK = 1.85 10° litre mol”! sec™! 
Example 7. The time required for 10% ‘ianietion of a 


first order reaction at 298'K is equal to that required for its 25% 


completion at 308 K. If the pre-exponential factor for the reaction 
is 3.56x 10° sec! 


the energy of activation. CHT 1997} 


, calculate its rate constant at 318 K and also 


We know that, 
f 

ne 2.393 og a ) 

é —-x 


At 298 K, x= 10, 


Sohitien: 


a= 100, 
2.303 100 


] re 6) 
O8 19 —~— 90 . (i) 


a=100,x=25,(a—x)=75 


2.303 100) - a as 
kang = lo (il 
308 ty 210 2 (ii) 


Roog = 


At 308 K, 


t, = t,, dividing eq. (ii) by eq. (i) 


Ksog. =2.73 
Kg 


fog te | EL 
Kise 2308R (TT; 


log 2.73 = 


E Bed 
2.303 x 8.314308 298 
E = 76.622 kJ/mol 
Similarly, we can solve for k3,, which is equal to 
922%10 5. 
Example 8. The rate constant of a reaction is 1.5 10’ s! 


at 50°C and 4.5x10’ s7! at 100°C. Calculate the Arrhenius 
parameter A and E,. (EFT 2998} 


Solution: logy Useeem ed af 
k 2303R\7, 7, | 
45x10’ E, ( ae ) 
0 5x10? 2.303 8.314(\323 373 
E, = 2.2x10* J/ mol 
We:know that, 
. é 
lo k=lo A- cs 
en B10“ 9.303RT 
2.2x 104 
lo 1.5x 10’ )=1log;, 4 -——____—_— 
B10 ( )=108i0 4 ~ 5503x8314 x 323 


(A=5.42x 10! s7 


- Example 9. In hydrogenation reaction at 25°C, it is 


observed that hydrogen gas pressure falls from 2atm to \.2 atmin | 
“50 min. Calculate the rate of; hae in molarity per sec. 


(R = 0.0821 litre - atm degree ' mol ~ ») 


Solution: Rate = dP | - 27 1 2 
dt 50x60 
_ += 2.666x 10+ atm, s- 
PV =nRT 


Ea (2) Rr 
y) 


mAs Pl 

V | sec sec | RT 
: —4 
Rate (molarity /sec) = ADORE 10 
0.0821 x 298 


=1.09x10~ mol litre? s7) 


Example 10. 4 drop of solution (volume 0.05 mL) contains, 


3 x 107°. mole H * ions. If the rate of disappearance of the H * 

ions is 1x 10’ mol litre”! sec™' , how long would it take for H * 

ions in the drop to disappear? 
Solution: 


mole 


Concentration of drop = x L000 


volume in mL 


_3x10° 


1000 = 0.06 mol litre~! 


Rate ofglisappearance = Sone Giiange 
ae time 

/ 1x10? = 0.06 

: time 


Time = 6 x10~° sec 


Example 11. 4 constant temperature and volume X 
decomposes as, 
. 2X (g)—— 3Y(g) + 22 (g) 
Py is the partial pressure of X. 
Observation No. ~ Time (nin) , ~ Py (in mm Hg) 
1 . 0 | 800 
v2 ‘| ~ 100 400 

3 | 200 | 200 


.. (i) What is the order of the reaction with respect to X? 
(ii) Find the rate constant. 
(iii) Find the time for 75% completion of the reaction. 
' (iv) Find the total pressure when pressure of X is 700 mm 
Ag. (IT 2005) 
Solution: (i) Data shows that half life of the reaction is 
constant, i.e., 100 min; hence, it is a first order reaction. 


(ii) k= = = —= = 6.93107 min 
tip 100 
(iii) 7594 ,8€.fy4 = 2X typ =2X 100= 200 min 
(iv) 2X(g) 9 3¥(g) + 2Z() 
t=0 800 0 0 


dt 800-2X - 3X 2X 
Total pressure = 800 - 2X + 3X + 2X = 800+ 3X. ...(i) 
800 - 2X = 700 
X = 50 
Total pressure = 800+ 3 x 50= 950mm Hg 


“Example 12. Suppose 50 bacteria are placed in a flask 
containing nutrients for the bacteria so that they can multiply. 
A study at 35° C gave the following results: 
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Time (minute) 0 15 30 45 60 
_ Number of bacteria 50. 100 200 400 800 
Show that the rate of production of bacteria is of first order. How 
many bacteria will be there after 3 hours? 


Solution: For bacterial growth, 
\ 
ka 4.303 log jo ( Z | 
t \atx 
‘ 
At 15 minutes: 9 k=- za log 19 & 
15 100 
= 0.0462 min“ 
At30 minutes: k =— 228 108 19 & 
30. 200, 
= 0.0462 min 
At45 minutes: k= - 28 log io (=) = 0.0462 min 
45 400 


Same values of rate constants show that the process corresponds 
to first order. 


Let there be ‘ n’ bacteria after 3 hrs. 


2.303 50 
0046222" lon ee 
’ 190 


n=2.04x10° 


Example 13. 4 viral preparation was inactivated in a 
chemical bath. The inactivation process was found to be of first 
order in virus concentration, and at the beginning. of the 
experiment 2.0% of the virus was found to be inactivated per 
minute. Evaluate ‘Kk for the inactivation process. 


Solution: a@=100, a-x=98, 1=60sec 
ia 
p= 2303 toes: [ a ) 
t a-x 
_ 2.303 (100 


—— lo —|=3.3x10~ sec” 
6 POL a 

- Example 14. 7; rans-|,2-dideuterocyclopropane (A) under- 
goes a first order decomposition. The observed rate constant at a 
certain temperature, measured in terms of disappearance of ‘ A” 
was 1.52x 10% sec”'. Analysis of products showed that the 


reaction followed two parallel paths, one leading to 
dideuteropropane (B) and the other to cis-1,2-dideutero- 
cyclopropane (C). (B) was found to constitute 11.2% of the 
reaction product, independently of extent of reaction. What is the 
order of reaction for each path and what is the value of the rate 
constant for the formation of each of the products? 
B11.2% 
Solution: ae 
C 88.8% 
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In case of parallel path reaction, 
kp =k, X fractional yield of B 
=1.52x 10% x 0.112=1.7x 107 sec” 
ko = k, x fractional yield of C 
=1.52x 10 x 0.888 = 1.35 10% sec”! 
The reaction will be first order for each individual path. 


-Example 15. Jn milk, at.37°C, lactobacillus acidophilus 
has a generation time of about 75 minutes. Calculate the 


population relative to the initial value at 30, 60, 75, 90 and 150 | 


minutes. 


Solution: Fee errs kinetics, 


Generation time = 75 minutes; a=1, at+x=2 


k=- 20) log io a = 0.00924 min ™! 
75 1+1 
After 30 minutes 
~2.303 N, 
k logio (*2 
30 N 
EAs = 1.319=1,32 
No 


Similarly, we may calculate after 60, 75, 90 and 150 minutes. © 


Example 16. Rate law for ozone layer depletion is, 
d[O;]_K[0;)’ 
dt [03] 
Give the probable mechanism of reaction? 
Solution: O, == O, + O (fast reaction) 


(equilibrium constant K ,) 


0, +O—+» 20, — (slow reaction, rate constant k) 


Rate = A[O; ][O] - .. Gi) 
_ (0210) 5 roy = x, Os) 
[05] “TiAl 


‘putting the value in eq. (i) 


From eq. (i), 


2 . 2 
Rate = k-[0,]- K, (03! = Kx, (Ost. x (sl 
[O,] [O, ] [Oz] 


K=kx K, 


Here, 


_ Example 17. In hypothetical reaction A, + B, ——->2AB, 
follows the mechanism as given below: 
A, =—At+A ( fast reaction) 


A+B,— >AB+B (slow reaction) 


A+B—+3 AB (fast reaction) 


Give the rate law and order of reaction. 


Solution: Slowest step is rate determining. 
Rate = k[AI[B> ] i 

Here, [ 4] should be eleminated. . , 

_ [44] _ 4? 

© [4g] [42] 
[A]= KA }? 

From eq. (i), Rate = kK1/?[A, ]'’"[B, 1 

= EUAgl!B hs [K=k-K,] 


Order =1+1/2=3/2 


‘_ Example 18. Calculate order of reaction from the 
following data: , 


2NH, ——> N, + 3H» (reaction) 


Pressure (mm Hg) 50 100 200 
Half lives (min) 3.52 1.82 0.93 
Solution: We know that, 
na + 0810 (42) = 10810 (tia )2 
log io P2 — lio Pi 
Ses, log; 3.52 — log; 1.82 
log) 100-— “logi0 50 
=1,95=2 


Similarly, we may calculate for other set of conditions. 
Example 19. The chemical reaction between mercuric 
chloride and potassium oxalate proceeds as under: 
2HgCl, + K,C,0, —> KCI + 2CO, + Hg,Cl, 


the mass of Hg Cl, precipitated from different solutions i in a. 
given time, at 100°C was as yellows 


can eae ne ate nt mda 


; ‘g Hi 

We mee ae pi ip 

“a 00836. ~SC OOS 50068 
(2) 0.0836 0.202 120. 0.0031. 

—G) . (0.0418 0404. 60 —(0.0032 

~~ From these data calculate order oj of the t reaction. Aa 
Solution: Rate = A{HgCl, ]“[K, C0; F- : 

aa 0836] [0.404]°; .. (i) 


‘gai 


0h = k[0.0836]°[0. 202)"; .. (ii) 
120 
Un 2 k{0.0418]%[0.404]° ... (iii) 
© 600 
Dividing eq. (i) by eq. (ii), we get 4=2', B=2 
Dividing eq. (i) by eq. (iii), we get 2=2" = 


Thus, overall order =a + B = 3 


Example 20. The rate constant of the reaction A > B is 
k=0.5; the initial concentration of A beiig 1 mol/litre. 
Calculate the degree of conversion of substance ‘A’ within | hour 
if the reaction is of zeroth, first and second order. How does the 
‘degree of conversion depend on the order of reaction? 


Solution: Zero order: 
x=k ™ : 
x=0.5x1=0.5 
First order: k= Zoe logio 2 
os -x 
k=0.5;¢=1hr; a=1M 
0.5= 303 log 10 : 
1 (l~-x) 
x= 0.39 
Second order: k= ! 2 
t a(a-x) 
Se 
1 1d-x) 
x=0.33 


- Example 21. 

the same rate. The temperature coefficient of the rate of the first 

’ reaction is 2 and that of second reaction is 3. Find the ratio of the 
rates of these reactions at 75°C: 


‘Solution: For first order reaction, 7% = AA} 
h/t = k,/k, = temperature coefficient 


Let the rate of reaction for Ist at 25°C be R, and the rate of 
reaction for IInd at 25°C be R,. 


Also, R, =R, 
Rates of reaction 

At 25°C R, Ry 
35°C - 4 2R, ° 3R, 
45°C YR... (3) Ro. 
55°C (PR, (3)? R, 
65°C (2)*R; (3)*R, 
IPC (PPR, (3)°R, 

. R 
Se a coefficient for Ist reaction = > = —35 =2 
2s Ros 


i.e., for each 10°C rise in iene tate becomes 2 times. 


Two first order reactions proceed at 25° C at 
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Similarly, for 2nd reaction it becomes 3 times, 
«. At 75°C 
tate of reaction for 2nd _ (3)°R, 


: = = 7.5937" Ry =Ry) 
rate of reaction forlst (2)°R, 


Example 22. The reaction, A +OH ~ — Products, obeys 
rate law expression as: 
—d| 
~q[A] _ k{ A][OH ~] 
If initial concentrations of [A] and [OH ~ ] are 0.002 M and © 


0.3 M respectively and if it takes 30 sec for 1% A to react at 25°C, - 
calculate the rate constant for the reaction. 


Solution: 
A + OH” — Products 
t=0 0.002 03 
1= 30 0-02 _ 0,002 x1 ‘ fos _ 0.002 x "| 
100 100 

Using k = 2208 log 10 b(a=x) : 

~b) a(b-x) 

0.3| 0.002 2 2:002%! 
2.303 100 
~ 30% (0.00203) ~ 0.0021] 
0.002 jos - cad 


k=1.12 10° litre mol“! s7 


Example 23. 4 hydrogenation reaction is carried out at 


"500K. If the same reaction is carried out in presence of a catalyst 


at the same rate, the temperature required is 400 K. Calculate the 
activation energy of the reaction if the catalyst lowers the 
activation barrier by 20 kJ mol oe (UT 2000) . 
Solution: Arrhenius equation may be given as, 
page Piet 


Let kso9 and k4gq be the rate constants at temperatures 500 K 
and 400 K (in presence of catalyst) respectively. Eso) and E yo) be 
the activation energiés at temperatures 500 K and 400 K 
respectively. . 


— Esgo /R x 500 ‘ 
Kesqo = Aew #300 .. (i) 
kao = ay Ae E400 /R x 400 .. (ii) 


Given, ve = k 499 (Same rates in presence and absence of a 


catalyst). 
On comparing eq. (i) with eq. (ii), , 
Esoo _ E400 
Rx500 Rx 400 
Br Esoo _ Ego st 
5 4 
E : 

or: Bene ae x 5 ... (iii) 

Given, Eso oa E49 +20 
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Substituting in eq. (iii), Dre 
Egg + 20= Eggo ¥ 1.25 
20 


or : E = 595 7 80K) mol,” 
400 “055 ia 


So, Esty = 80 +20= 10045 mol"! m 


_ Example 24. Some PH,(g) is introduced into a fask at 
600°C containing an inert gas. PH, proceeds to decompose into 
P,(g) and H,(g) and the reaction goes to completion. Total 
pressure is given below as a function of time. Find the order of 
the reaction and calculate the rate constant, 

Time (sec) 0 60 120 oo 


Pressure (mm Hg) 262.40 272.90 275.51 276.40 
(UP 2002) 
Solution: 4PH,(g) + Inert gas — P,(g) + 6H,(g) + Inert gas 
t=0 P ; P. : 0 0 0 
t=t (P-x) P. x/4 6x/4 P. 
t= 0 P. P/4 6P/4 P 
Atrt=0, 262.40=P+P, | ...@) 
f= 60sec. 272. 90 = = Pru sce) + Pog) + Pug) + P. 
t=120sec 275. 51 = Fests + Porgy ao +P, 
276.40 = P + “ +P, 
4 
276.40 x 4 = 7P + a ... (ii) 
Atr=0, _— 262.40= P + P, ... (iii) 


On solving eqs. (ii) and (iii), we get 
P=18.66mm, P, = 243.74 mm 


At 60°C: 272.90=(P-x)+P,+~ Ho 
Pop, 90 = 18.66- x + 243.74 + = 
x=14mm 
| 2.303 a 2.303 18.66 
k eee og = og Seer ie ea 
t a-x}) 60 — 1866-14 


k =2.32x10™ sec 


_ Similarly, at 120 sec k =.2.30 10 sec”! (do yourself ) ; 

Since, *. 

order. 
Example 25. F or the given reaction, A + B ——» Products 


following data were obtained: 


[4g]... - [Bol | Ry mol litre sec 
1. 0.1M 02M ° ~~ 0.05 
2. 0.2M 0.2M 0.10 
3. 0.1M_ 01M 0.05 


(i) Write the rate law expression. 


(ii) Find the rate constant. {LIT 2004 (Memory baged)] 


; . 2 reduced to 1/3rd of its original'volume? 
‘values of R are same, hence the reaction Sek to first af g 


Let order with respect to 4 and B are a and B 
respectively. Rate law expression may be given as, 
Rate = k{ A]% [B ]° 


Solution: 


0.05 = k[0.1]* [0. 21" i) 
0.10 = &[0.2]* [0.2]* .. Ci) 
0.05=k 0. (o ® ... Gi) 


tf 
' Dividing eq. (i) by eq. (11), we get 


Dividing eq. (i) by eq. (iii), we get 
1=[2]° ,22,B=0 
Rate = k[A]! [B ]° 
acuaies the value of a and f in eq. (i), we get 
0.05 = k [0.1]! [0.2]° 


k=0.5 sec! 


Example 26. A+2B—->3C + 2D 
The rate of disappearance of B is 1x10 mol litre”! sec”. 


_What will be the (i) rate of the reaction and (ii) rate of change in 
concentration of A and C? . 


[CBSE (Mains) 2005] 


Solution: (i) Rate=- ; 


1 ~2 
=-——[-1x 10 
= ] 


= 0.510 mol litre! sec™! 


[A] -- 1/0) 
--1 


- ii) - Jos 107 mol litre"! sec” 
at | dt B05 
i 
14[C] 1 By 
3 dt 2 dt 
d[c 
ic] =-3x(-1x107) 


-l 


dt 


=1.5x10~ mol litre™! sec 


. For the reaction, A + B —~ Products, rate 


is given as, rate'= kLAV[BP. 


How will ‘the rate change if one of the reaction mixture is 
(BCECE 2006) 

Solution: When volume: is reduced to 1/3rd,_ then 
concentration will increase three times. 


=MAIBP ay 
ry = K3A][3B) .. ii) 
From eqs. (i) and (ii), - 


= 27h | 
-. Rate will increase 27 times. 
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Example 28. For first order reaction, as rate eonstant at 


17°C is 2.8x 10" * s~! and at 27°C is 2.8x 10-4 


(i) Write the equation for calculation of activation energy. 
(ii) Calculate the activation energy. , 
(R=8.3 J mol! k7') 

Solution. We know, 


tog (#2.)-_“e_[ 11 
k,) 2303R|T 7, 


{AIPMT (Mains) 2008} 


‘s 28x10* ~—sE, ae a 
2.8x107° .2.303x 8.3|.290 300 
2.303 x 8.3% 290x 300 


= 166299.6 J mol! 
= 166.3 kJ mol! 


SUMMARY AND IMPORTANT POINTS TO REMEMBER 


1. Chemical kinetics: It is the branch.of chemistry which 
deals with the rates of reactions, the factors which influence it 
and the mechanism by which the reactions occur. 

2. Rate of reaction: It is the speed with which the reactants 
are converted into products. It may be expressed in terms of rate 
of disappearance of any of the reactants or rate of peste of 
any of the products. 

_The rate measured over a long time evel is called the 
average rate. 


Decrease in conc. of reactant 


Average rate of reaction = ~ - 
Time taken 


a Increase in conc. of product 
Time taken 


A-—ve sign signifies a decrease in concentration of the reactant 
and +ve sign indicates an increase in concentration of the 
product. 

’ In general, for a reaction, 


NAtnB+n,Ct+..9mX + mY +mZt... 


a2 Ae AR eee 
n, At n, At n, At 
Hh OSs) ees Me 
m At m, At my, At 


Average rate is not very useful as it does not remain constant 
throughout its life span. It is more appropriate to express 
instantaneous rate. 


Rate of reaction with reference to a particular instant of time is . 


called instantaneous rate of reaction. It is defined as the rate of 
change of concentration of any one of the reactant or product 
species over a small interval of time. 


Rate of reaction = — a! or + a 
at at 


Units of rate of reaction are conc. time”! , e. g.,mol Lo's7! or 
mol L7 hr™! , etc. 


3. Law of mass action: It was presented by Guldberg and 


Waage in 1864, At a given temperature, the rate ofa reaction at a _ 


particular instant is proportional to the product of the active 


"masses of the reactants at that instant raised to powers which are 


numerically equal to the numbers of their respective molecules in 
the stoichiometric equation describing the reaction. Consider the - 
following general reaction, _ 


m, A, + mA, +m,A, +...—— Products 
Rate of reaction o[ Ay tds [Ag]... 


4. Rate constant: It is equal to rate of reaction when 
concentration of each reactant is unity, i.e. ; one mole litre"! Itis” 
a constant for a particular reaction at a given temperature and also 
known as specific rate constant or specific reaction rate. 

Consider a general reaction, : 


aA + bB +.,.—> Products — 
dx a b 
—=k[A)°[B)’ ... 
a [A] [B] 
If C,=Cy=1. or [4]=[B]= 


Then, , —= 


5. Collision theory of reaction rate: A chemical reaction 
occurs when the existing bonds of the reactants are broken down 
and new bonds come inte existence in the molecules of products. 
The basic requirement for a reaction to occur is that there should 
be physical contact between reacting species, i.e., they must 
collide with one another. Effective collisions which bring 
chemical change are few ‘inspite of large’ number of actual 
collisions. For a collision to be effective, the following two 
conditions must be satisfied: 

(i) Reacting species must possess adequate energy to 
overcome the energy barrier. 

(ii) Reacting molecules must be properly oriented at the time 
of collision. 


The minimum amount of energy which the calliditig particles 


- must, possess as to make the chemical reaction to occur is called 


threshold energy. The excess energy (over and above the average 
energy of the reacting species) required by the reacting species to 
undergo chemical reaction is called activation energy (E, ). 


Activation energy = Threshold energy ~ Average kinetic 
energy of the reacting molecules. 
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Every chemical reaction whether exothermic or endothermic 
has an energy barrier’ which has to be overcome before the 


reactants can be transformed into products. The reacting. 


molecules must have sufficient energy as to cross’ this energy 
barrier. The effective collisions increase with increase of 
temperature, 7.2., 
temperature. 

6. Factors influencing the reaction rate: 
which influence the rates of reactions are: 

(i) Nature of reactants: The reactants with weak bonds 
react quickly whereas the reactions involving reactants with 
strong bonds are slow. The molecular reactions are generally 
slow while ionic reactions are fast. 

(ii) Concentration of reactants: The rate of reaction 
increases with increase in concentration of reactants as the 
number of collisions increases. 

(iii) Catalyst: Positive catalysts increase the reaction rate 
by providing an alternative path involving lesser amount of 
activation energy. 

(iv) Temperature: The rate of reaction increases with an 
increase in temperature: The number of effective collisions 

increases with increase of temperature. The rates. of many 

reactions are approximately doubled or tripled for every 
10° C rise in temperature. The temperature coefficient is defined 
as the ratio of specific reaction rates of a reaction at two 
temperatures differing by 10°C 


The chief factors 


wu (value lies generally 


between 2 and 3) 


z k, + 
Temp. coefficient = 


Arrhenius suggested an equation which describes k as a 
function of temperature, i.e., 


k= Aen Bal RT 


where, k = rate constant, A = a frequency factor (constant), 


E,, = energy of activation, R = gas constant and T = temperature. 


At two temperatures 7, and 7), 
veo (iP aaom lta] 
k 2.303R\T, Ts 

7. Molecularity and order of reaction: 

(i) Molecularity of reaction: The minimum number of 
reacting particles (molecules, atoms or ions) that come together 
or collide in a rate determining step to form product or products is 
called the molecularity of the reaction. The reactions are termed 
as unimolecular, bimolecular or trimolecular, etc., depending 
upon the number of reacting particles as 1, 2, 3, etc., in the rate 
determining step. Simultaneous collisions involving more than 


‘three molecules’ are very rare and hence reactions with 
molecularity more than three are also rare. 


NH,NO, -N, +2H,O 
2FeCl, + SnCl, -> 2FeCl, + SnCl, 


(Unimolecular) 
(Bimolecular) 
(Trimolecular) 


_ Insimple reactions involving one step only, the molecularity is 
equal to-the sum of number of molecules of the reactants 


rate of reaction increases with increase of — 


involved in the balanced equation. There are number of reactions 
which are complex in nature and occur in several steps; the 
molecularity of such reactions is determined by the slowest step. 
Thus, molecularity depends upon the mechanism of the reaction. 

(ii) Order of reaction: Rate equation or rate law is an 
experimentally determined mathematical expression relating the 


molar concentrations of the reactants to the actual reaction rate. 


Consider a general reaction, 
nA+n,B+n,C +...-> Products 


The rate law or rate equation is” 


Rate = - 2 = eA} (BP ICT: 
dt 


Order of reaction is the sum of the exponents (powers) to 
which molar concentration terms are raised in the rate law. 

Order of reaction =(x+ y+z+...) ; 

The value of (x + y+ z+...) usually ranges bene 0 ‘id 2 
and even 3. It may have positive, negative, zero and fractional 
values. It is termed overall order. The reactions are classified as 
zero, first, second, third order according as (x+ y+z+...) is 
zero, one, two or three respectively. The order can be expressed 
either in terms of the order of thé specific reactant or in terms of 
overall order of the reaction. 

The reactions which obey a first order rate equation, although 
they are not unimolecular, are said to be pseudo first order. — 

8. Reactions of various orders: In such reactions, the 
concentrations of various reactants except one remain practically 
constant during the course of reaction. 

(i) Zero order reactions:. A reaction in which the rate is 
independent of the concentration of the reactant molecules, i.e., 
the rate is proportional to the zeroth power of the concentration of - 
the reactants. 


ax 
(—-—-=klAl, =k 
H [A] 


i.@., the reaction velocity remains constant throughout the 
progress of the reaction. The concentration decreases pluie 
with time. 


[4], ies x 
; _ [A]q _Initial concentration 
anne k Rate constant 


The units of k are mol L™ time. 
_ Gil) First order reactions: 
concentration of one reactant only. 


dx 


The rate depends upon the 


-~—=fk A 
a [A] 
; : [A 
p= 2393 tone a _ 2.303 logo L lo 
(a-x) 1 [A], 
t= time, a = initial enaccameanon and (a — x)= concentration at 


time ¢. 


A change in concentration unit does not affect the numerical 
value of k. Thus, for first order reactions, any quantity which is 
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proportional to concentration can be used in place of 
concentration in the integrated equation. 

The time taken for the completion of same fraction of change 
is independent of initial concentration. When x= 0.54 and 
t= tip, 


pe 2.303 108 10 a 2.303 oe ,o2= 0.693 
hin 05a typ hy 
_ 0.693 
v2 E 


Thus, t,> is independent of initial concentration. 
The equation. of the first order can also be written in the 
following form when initiat concentration is not known. 


2.303 ghee (a-%) _ 2303, [Al], 
a ee ——~ log io 
> (ty -t) " (a- X9 y (t) — ty). [A], 
The unit of £ is time ce . 


Git) Second order reactions: 
the concentration of two reactants. 


Reaction rate depends upon 


® ~ a Ay[B]= MAP 
_ 2.303 b(a-x) 
t(a—b) ”” a(b—x) 


[(a — x} and (b — x) are the concentrations of A and B after time 
interval t.] 
When concentrations of both the reactants are same, 
Paw Deen: 


t a(a-x) 


’ (xis the concentration changed in time interval 7) 
Half life period, ty. = rm i.e., inversely proportional to initial 
‘concentration. The units of & are litre mol”! time. 
(iv) Third order reactions: Expression for third order 
reactions of the type 


. 3A => Products 
dx 
— = KA]? 
dt 
ro 1 x(a—x) 
t 2q? (a-x) 
The units of are L? mol time 
9. Methods for the determination of order of a reaction: 
(i) Initial rate method: A number of experiments are 
carried out by varying concentration of a reactant w.r.t. which the 
order is to be determined. keeping the concentrations of all other 
reactants constant. The initial rate of the reaction at each 
concentration is determined by concentration-time curves. The 
order of the reactant is then calculated from the rates at various 


concentrations. The experiments. are repeated with other 
reactants in a similar way. Likewise, the orders w.r.t. all reactants 
are determined. The overall order is the sum of the orders of all 
the reactants. 


(ii) Integration method: The quantities ‘a,x and ¢ are 


determined and substituted in the kinetic equations of various 


orders. The equation which gives the most consistent values for 
the specific rate constant (4) for a series of time intervals is the 
one corresponding to order of reaction. 


2.303 . ; 
= log io ( = for first order reactions 
t a- : 
] a : — 
k=-~- for second order reactions 
t | afa—x)}. 
Rate =k for zero order reactions 


(iii) Graphical method: 

is a straight line, the reaction follows first order. 
If a plot of : 
(a- 


) versus ‘? is a straight line, the reaction - 
x 


follows second ar 
If a plot of 


versus ‘t’ is a straight line, the reaction 
(a- 5 
follows third order. 

(iv) Half life method: Starting with two different 
concentrations a, and a, for the same reaction, the half lives 
(ty;2 ), and (t,,2 )2 are determined. 


Re n-l z ty . 
(2 (2 be page ein d_— log (41/2), 
(tyi2)2 (a log a, ~ log a, 


nis the order of reaction. 


(v) van’t Hoff differential method: For two different 
initial concentrations C, and C, equations can be written in the 


form . 


dC dC 
log | -. —+ | - log | - —% 
e( dt e( at 
log C, — log C, 
19. Mechanism: © An intelligent guess depending upon the 
observed rates of reactions about the series of steps (known-as 
elementary processes) leading to the formation of products is 


called the reaction mechanism. The overall reaction is the 


summation of all elementary steps: The slowest step is taken as 
the rate determining step. 


If the plot of log (a —x)versus‘t? | * 
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Matrix Matching Problems: 
_ (According to the new pattern of IIT Screening) 
[A] Match the reactions of List-I with their orders in List-II: 
List-I aaa List-H 
‘ (a) C,H,,0,, + HO siting (p) Pseudo first order 
. CeHy205 + CoHy0¢ 


~ (b) CH,COOC,H, 2" — (q) Zero order 
H”™ orOH™ | ; 
CH,COOH+ C,H,OH 
hi 
©, +C,—> 2HCI 
(d) CH,Cl + OH™ —> 
CH,OH + Cr 
[B] Match the reactions in Colump-I with the units of their rate 
constant in Column-II: 


Colamn-I Column-Il 
(Reactions) (Unit of k) 


(a) SO,Cl, —» SO, +Cl,  (p) sec? 
(b) CH,;COOC,H, + NaOH yo min? 


(r) Second order 


(s) First order 


CH,COONa + C,H,OH 
(c) 2H,O, —>2H,0+0, (2) Lmol™! min? 
(d) H,O, + 2F +2H* —> (8) Lmol's"! 
2H,0 + I, 


{C] Match the kinetic equations of Column-I with the units of 
their rate constant in Column-II: 


Columa-l 


Columa-E 
(Kinetic equations) (Units of rate constant} 
(x= (p) sec! 
(b) k= 2308 log io ( : (q) L mol™ sec"! 
\a x 


(1) mol L* sec! 


Ore 28 25-2 | (3) atm sec"! 
t(a-b) a(b-x) 
ID] Match the half lives in Column-I with the orders in 
Column-I: | 
— Colume-t Cotumn-H 
(Half tife) {Order} 
(a) t,,. = constant (p) First order 
Mt). 4 | (q) Pseudo first order 


(c) aK /2 oo — 
“(d) His oe py 
where, a = Initial concentration of the reactant: 
p = Initial pressure of the reactant 


(r) Second order P 


(s) Zero order 


[E] Match ‘he reactions of oe I with the i increase in rate ‘lien 
concentration is raised two times in List-II; 
List-I List-IL_. 
(Reactions) (Increase in rate when 
conc. of reactant is 
doubled) 


(a) CH,CHO —+ CH, + CO (p) 2 times 
(b) SO,Cl, —> SO, +Cl, (q) 2! times 
(c) 2H,O, —>2H,O+0,  (r) 2 times in acid medium 
HOH 
(d) CH,COOC,H, —> (s) 2° times in _ basic 
CH,COOH+C,H,OH medium . 
[F] Match the List-I with Liwst-II and List-III: 
List-I List-II__ ~ List-III 


(a) xis plotted aga- (p) Slope= - k2 303 (u) Intercept = 
inst ‘?’ in zero 


order reaction 
(b) log (a@~—x)is (q) Slope = 2k (¥) Intercept 
plotted against =Va 
‘t’ in first order 
reaction 
_(e)(a-xy'is (© Slope =-k (w) Intercept 
plotted against (when log is = Va? 
‘fin second natural) 
order reaction 
(d) (a-xV is (s) Slope = k (x) Intercept 
- plotted against , = logy 4 
‘?? in second 
‘order reaction. 


where, a = Initial concentration of reactant 
‘ x = Extent of reaction in time ‘7’ sec 
[G] Match the List-I with List-II: 


List-E List-Hi 
(a) Molecularity (p) 0 
(b) Order (q) 1/2 
(c) Temperature coefficient  (r) Between 2 to 3 
(d) Activation energy for (s) 2 
participation of all reactant 
molecules 


- [H] Match the Column-I with Column-II: 


Cotumn-I Colume-HE 
’ (Rate law) - (Order) 

{a) Rate = k x Intensity of light(p) Second order 

(b) Rate = k[ A} [B} (q) Zero order 

(c) Rate = k[A]}?[B]? (r) First order when A is 
eXCess 

(d) Rate = k[AP[B] (s) Second order when Bi is 
excess 
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[I] Match the Column-I with Column-II: - 


Column-I Column-ll 
(a) y= — (p) Zero order 
a (q) First order 
thio=— : 
(b) V2 ok 
i <= : (r) Average life 


(qd) tyy4 = 2h) (s) 75% completion 
(t) 25% completion 
[J] Match the Column-I with Column-Il: 


Column-I Column-Il 


3 
(a) 574 = 3 x fia (p) 99% completion 


(b) t3), = 2X tho 
(c) 6.909/k 
(d) 2.303/k 


(q) Zero order 
(r) First order 
(s) 90% completion 


Here, fi; = half life. 
tyy4 = 3/4th life 
& = rate constant . 
{K] Match the Column-I with Column-Il: 


Column-I Column-Il 


@E First order reaction  (p)Cy=O0.1M; t). = 25 min 
Cy = 0.05 M; fh). = 12.5 min 


(b) Second order reaction (q) Ae =0.1M; tj). =12min 
Co = 0.05 M3 ty,> = 24 min 
(c) Zero order reaction (1) Radioactive decay 
(d) 1,5 varies inversely to (s)Cy = 0.1M; t,. = 8 min 
the concentration of the Cy = 0.05.M;4,,. = 8min 
reactants — 


[A] (a~p), (b-1, s), (¢-q), (dr) - 

[B] (a-p, q), (b+, 8), (c~p, q), (do, 8) 
[C] (a-r), (b-p), (c-q, 8), (d-4, s) 

[D] (a-p, q), (b-s), (c—r, s), (d,s) 

[E] (a-q), (b-p), (cp), (do, s) 

[F] ea) (b-p, t-x), (c-s-y), See 


[G] (a-s), (b-p, q 8), (c-2), (d-p) 
[H] (a-), (b-p), (c-p), (dt, s) 
[I] (a-q), (b-p), (c-4, 1), (d-, s) 
[J] (a-q), (b-1), (c-p, r), (do, s) 
[K] (a-t, 8), (b-q), (c-p), (d-q) 


. For the reaction A — B, it was found that the concentration of 
B increased by 0.3 mol L! in 2 holes, What is the average rate 
of reaction? 

fAns. 0.15 mol LD br?] 

- In the reaction X —> Y, the initial concentration of X is 2.5 
mol.L' and its concentration after 3 hours is 0.7 mol L". 
What is the average rate of the reaction? 

fans. 6.0 107 mol L‘hr!] . 

. For the reaction 2A + B — C, the rate of formation of C is 0.25 
mol L! hr=!, What is the rate of disappearance of 4 and B? 
[Ans. 0.5 mol L! hr™!; 0.25 mol L7! bry 

. For each of the following reactions express the given rate: of 
change of the concentration of the reactant or product in terms 


of the rate of change of concentration of the other reactants or 
products in that reaction. 


(i) N, + 3H, > 2NH,; - Tel-» 
(ii) H, + 4O, + HO; : - aes =? 


(iii) 2NO +.Cl, > 2NOCI; ae ef 
(iv) CO+ NO, - CO, + NO; ele 
(Ans. (i) a{H,]__ 4 d[N2]_, 3 a[NH3] 
at dt 2 dt 

(ii) a[O,]_ 1 d[H,]_ 1 d[H,0], 

at a a a 
(iii) ST a[NO] =?. a(Cl, ] 

at dt 

(iv) INO, _ ACO] = d[COz}_ [NO] 1 

dt at dt dt 


. When ammonia is treated with O, at elevated temperatures, 


the rate of disappearance of ammonia is found to be 3.5 x 107 


mol dm s7! during a measured time interval. Calculate the 
rate of appearance of nitric oxide and water. 


[Ans ALNO] ~ 3.5°x 10? mol dm? 


NES = 5.3x 10? mol dm™ s"] 


10, 


H. 


12. 


14, 
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[Hint: Consider the following equation: 
4NH, + 50, — 4NO + 6H,0 
The equality in this case is 
| AINH]_ 1 A[NO] _ 1 A(H,O] 
4 4 dt 6 dt 
In a reaction, N,O, — 2NO, + 40), 
the rate of disappearance of N,O, is 6.5x 107° mol Ls. 


Compute the rates of formation of NO, and Oj. 
[Ans. ae =1.25x107 mol L's; 


we = 3.125 x 10° mol L' sy 


. For the reaction, 


20; ==30;_ 
MMOs —-3! was found to be 4.0x 107 atms™ 
dt 
: A[O,]. sfc . . 
Determine the value of a inatms™ during this period of 
t 


time. 
{Ans. 6.0.x 10" atm s'] 
The following reaction was carried out at 44°C: 
NO; > 2NO, + 40, 
The concentration of NO, i is 60x 10° M after 10 minutes of 


_the start of the reaction. Calculate the rate of production of 


NO, over the first ten minutes of the reaction. 

[Ans, 6.010% mol L™ min] 

The rate of a particular reaction doubles when temperature 
changes from 27°C to 37°C. Calculate the energy of 
activation for such reaction. (R = 8.314 JK! mol) 

[Ans, 53.59 kJ mol] 

The rate: constant of a reaction is 2x 10s"! at 300 K and 


8x 10s”! at 340 K. Calculate the energy of activation of the 
reaction. 

[Ans. 29.39 kJ mol] 

For a chemical reaction the energy of activation is 85 KJ mol!. 
If the frequency factor is 4.0 x 10? L mol” s “l what is the vale 
constant at 400 K? 

fAms, &=3.19x107L wort sy 

The energy of activation of a reaction is 140 kJ mol”. If its 
rate constant at 400 K is 2.0x 10 5~!, what is the value at 
500 K? : 

[Ans. 9.06x10% 8s] 


. Calculate the ratio of the catalysed and uncatalysed rate 


constant at 20°C if the energy of activation of a catalysed 
reaction is 20 kJ mol”! and for the uncatalysed reaction is 
75 kJ mol. 

tAns, 6.4 x10? ] 

The decu.nposition of methyl iodide, 


éCil,I(g) > C,H, (g) + L(g) 
at 273°C has a rate censtant of 2.418 x 10° s“!. If activation 
energy for the reaction is +179.9 kJ mol! , what is the value of 


collision factor ‘A’ at 273°C? 
[Ans. 39x10? 57] 
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15. The reaction, 
2N,0, — 2N,0, + O, 

occurs in carbon tetrachloride. The rate constant is 
2.35 x10 sec”! at 20°C and 9.15x 10 sec”! at 30°C 
Calculate the activation energy of the reaction. 
[Ans. 100.343 kJ mol7'] 

16, For the inversion of cane sugar, 

CHO, + H2O > CeHy20, + CoH,,0¢, 

the rate constant is 2.12x 10 L mol” sec! at 27°C. The 
activation energy of the reaction is 1.07 x 10° J mol”!. What is 
the rate constant of the reaction at 37°C? 
[Ans. 8.46 L mol! sec! ] 

17. From the data given below for the reaction 24 + B > 3C at 
298 K, find out the rate law expression for the reaction. 


Exp. ss [4], BY 


‘Rate of 


No. (mol L') tenor 1) formation of c 
0.10 O10 “4.010 
es 0.30 0.30 12x10? 

3, 0.10 0.30 4.0x 10 
4. 0.20 0.40 8.0x 104 
[Ans. Rate =k[ AJ] . ; a 
18. What is the rate law expression for the reaction, 
A+B>C? 
The following data were collected from the experiments: 

Expt. Initial[A] —_—iInitial |B] Rate of _ 
No. (mol L*) (mol E') formation of C 

—“E~ 0.10 40x 104 
2: 0:20 0.20 3.2x 10° 
3. 0.10 0.20 1.6x 10° 


[Ans. Rate =A{A][BF] 
19. The reaction, 
2N,0, > 2NO, + O,, 


was studied and the following data were collected: 


Expt. IN,Og] -. Rate of ar ee of 
"Ne. - . (mol E*) (mot 2 min”) 
Lo . 413x102 34x 10°5 

Z: 0.84 x 10°? 25x 10° 
3: 0.62 x 1077 18x 107° 


Determine (i) order the reaction (ii) the rate law and {iii) rate 
constant for the reaction. 


[Hint: Let the rate law for the reaction be | 
Rate = K[N,O,; Yr 
34 x 109 = Afi.13 x 107] 
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25x10 = k[0.84 x 107} 
34x10° [1.13 x10°}* 
25x10° [0.84x107]* 
1.36 =[1.345]* 
x=] 
Order of the reaction is 1. Rate law = k[N,O, | 
-5 
hem Ew SET 730.08 107 min) 
20. For the reaction, 
2NO + 2H, > N, + 2H,0, 
the following kinetic data were obtained: 


Expt. ~ IH, 1, [NO] Rate of ert 
No. (mol_L ) (mol L”)} (mol L y 
ee 02° Gate 0.25x 10 
Bee OD 0.24 1.0x 10% 
3... 024 024 220x104 


Determine the rate law and the rate constant. 
[Ans.. Rate = k[H,][NOF; k =1.45 x 107 L? mol? s] 
21. Fill in the blanks in the following table which treats reaction of 
'. acompound.A with a compound B, that is of the first order 
with respect to A and zero order with respect to B: 


Lea tet ae rae aes prem mn a 


Expt. [A] [B] ; Initial rate 
-No. > (mel L*) (mol 1) (mol L's“) 
a 0.1 0.1 2.0x 10-2 
2 0.2 4.0x 107 
3, 0.4 0.4— a 
4 0.2 ~ 2.0x 107 


[Ans.  (2)[4]= 0.2 mol C7 
(3) Rate = 8.010? mol L* gt 
(4)[4]= 01 mol L™'] 


22. The reaction 2NO+ 0, — 2NO,, follows the rate law 


=k[NOP[O,]. What is the order of the reaction? If 
k =2.0x 10° mol 12 $7, what is the rate of the reaction 
when [NO] = 0.04 mol L! and [O,] = 0.2 mol L!? 
fAns. - Order of the reaction = 3; 
Rate = 6.4 x 10°" mol L! s"] 
°23. From the following data of initial concentrations and rates, 


calculate the order of reaction ad — Products; and its -rate 
constant. 


-{A]moil Lb! 0.1 0.2 0.4 
Ratemol E's! 9x 10° 36x10° 144x10° 
fAns. Order of reaction = 2; 
Rate constant = 9.0 x 107 mol! L sy 
24. For a reaction a4 + bB — mM + nN, the rate of reaction is 
. given as KA} [BP’. 
"Calculate the order of the reaction and the rate constant from 
the given initial concentrations and the corresponding rates. 


25. 


_ 27, 


[A]molL . 0.1 0.1 0.2 
[B] mol L! 0.2 0.4 0.2 
Rate mol L's! 4x10* 16x 104 8x 104 
[Ans. Order of the reaction = 3, k = 1.0 x10’ L? mol $7] 
The data given in the following table pertain to the reaction, 


24+ BC. 


Delennine the form of the rate equation and the value of the 
rate constant. 


Initial concentration .—- 


Expt. (mI!) 2 Initial rate 
No. ———:(mol 1 Ls ay 
AL Ste IBD oe er 
1. 1x10? Ax 107 Tx0® eae 


2 1x10? 2x 108 14x 1082." 
c 1x10? 3x 10° 21x 10° 
4. 2x10% 3x02 84x 10° 


[Ans. Rate=A[4][B];k=7x 10°] 
The following initial rate data were obtained for the reaction: . 


2NO(g)+ By (g)—> 2NOBr(g) 


Run. [{NOV/M — [Br,]/M_~ Rate/M min™ 


| re See 1.0 1.30x 107: 

2. 2.0 10. 5.20x107 

3. 4.0, S205 4.16% 10?» 
Determine the reaction rate law and the alps “of the rate 
constant. (Dhanbad 1992) 
AI -4 = k{NO]" [Br, ]; K = 1.30107? mol L? 57} 


. The data below are for the reaction of NO and Cl, té form 


NOCLat 295 K. 
Expt. ‘(Cp « ENO Cinta rate 
No. - (mol L*) (mol EZ") = (mol E* 5") 
io? 008 0.05 1.0x 10° 
2 OS 0.05 30x 10% . 
3. 0.05 O15. 990x103. 


(a) What is the order w.r.t. NO and Cl, in the reaction? 
(b) Write the rate expression. 
(c) Calculate the rate constant. 
(d) Determine tlie reaction rate when concentrations of Cl, 
and NO are 0.2 M and 0.4 M respectively. (LIT 1993) 
[Ans. (a) Order w.rt. NO = 2; order w.rt. Cl, =1 
(b) Rate expression, r = A[NO]"[Cl, ] 
(c) K=8.0L mol? s7 
(d) Rate = 0.256 mol L! s74] 


28. 


_ 29, 


30. 


31. 


"32. 


33. 


34. 


35. 


36. 


2 
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In the hydrolysis of propyl acetate in presence of dilute HCI in 
aqueous solution, the following data were recorded: 

Time from start (in minute) 60 350 

% of ester decomposed 18.17 69.12 
Calculate the rate constant of decomposition and time in 
which half of the ester was decomposed. 

[Ans. 3.34 x 10% min™!; 207.6 min] 

In a first order reaction the concentration of the reactant is 
reduced to one-fourth of its initial value in 50 seconds. 
Calculate the rate constant of the reaction. 

[Ans. 2.77x107 $71] 

For a first order reaction, the rate constant is 0.1 s!. How 
much time will it take to reduce the concentration from initial 
value of 0.6 mol L to 0.06 mol L'? 

[Ans. 23.0 second] 

A substance decomposes following first order reaction. If the 


half life period of the reaction is 35 minutes, what is the rate 
constant of this reaction? 


[Ans. 1.9810 min] 

For a certain first order reaction, it takes 5 minutes for the 
initial concentration of 0.6 mol L! to become 0.2 mol L?. 
What is the rate constant for this reaction? [log 3 = 0.4771]. 
[Ans. 0.2197 min™)] 

Find the two-thirds life (¢,,3 ) of a first ile reaction in which 
k = 548x107 sec”! (log 3 = 0.4771; log 2 = 0.3010). 

[Ans. 2.005 s] 


[Hint: g 


log;9 ———- 
Zio _ Ya 
A first order reaction has a specific rate of 107° sec™!, How 
much time will it take from 10 g of the reactant to reduce to 
7.5 g (log 2 = 0.3010; log 4 =0.6020 and log 6 = 0.7782)? 
{Ans. 287.7 s] 
In a reaction 5 g ethyl acetate is hydrolysed per litre in 
presence of dilute HCI in 300 min. If the reaction is of first 
order and initial concentration is 22 g per litre, calculate the 
rate constant for the reaction. 
fAns. k=8.59x10"% min '] 
Calculate the half life of the reaction A —> B, when the initial 
concentration of A is 0.01 mol L™ and initial rate is 0.00352 
mol LZ? min™ ‘ 
[Ans. 


[Hint: 


] 


hye 


. The reaction is of the first order. 
1.969: min] - , 
Evaluate k from - =k[Al]] 


In a reaction, A —> B + C, the following data were obtained: 
t in seconds 0 900 1800 
Concentration of A 50.8 - 19.7 7.62 
Prove that it is a first order reaction. 
[Hint: Calculate the value of & in both cases by using first order 
equation. ] 
The first order reaction has k=1.5x 10° per second at 
200°C. If the reaction is allowed to run for 10 hours at the 
same temperature, what percentage of the initial concentration 


39. 


40. 


41. 


42. 


43, 


44, 


45. 


46. 


47. 


48. 
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would have changed into the product? What is the half life 
period of this reaction? 


[Ans. t= 128.3 hours; 5.27%] 

A first order reaction is 20% completed in 10 minutes. 
Calculate (i) the specific rate constant of the reaction and (ii) 
the time taken for the reaction to go to 75% completion. 

[Ans. k = 2.232107 min; ¢ = 62.12 min] 

The rate constant of a reaction with respect to reactant A is 6 
min”!, If we start with [4]= 0.8 mol L"', when would [4] 
reach the value of 0.08 mol L"'? : 
[Ans. 0.3838 min] 

win will °s the initial rate of a reaction if the rate constant is 
10°? min“ and the concentration is 0.2 mol dm™ ? How much 


of the reactant will be converted into the product in 20 
minutes? 


[Ans, Initial rate = 2x 1077 mol Lt s!; 0.036 mol] 
A substance 4 decomposes by the first order reaction. Starting 


initially with [4]= 2.00 M, after 200 minutes Se ]= 0.254 
For this reaction what is ¢,,. and k? i 


[Ans.  f,7 = 66.66 min, k = 0.01039 min! ] 
The specific rate constant for the concentration of H, and I, to 
form HI is 0.0234 mol”! Ls”! at 400° Cand 750 mol! Ls | at 
500° C. Calculate the activation energy of the reaction. 
ICKE (Bihar) 3 

[Ans. 107.9 kcal] 
For a certain reaction it takes 10 minutes for the initial 
concentration of 2.0 molL7! to become 1.0 mol L! and 
another 10 minutes to become 0.5 mol L™. Calculate the rate 
constant of the reaction. web clet POs 
[Ans. 0.0693 min™'] 
The catalytic decomposition of H,O, was studied by titrating 
it at different intervals with KMnO, and the following data 
were obtained: 

t (seconds) 0 600 1200 

V of KMnO, (mL) 22.8 13.8 8.3 

Calculate the velocity constant for the reaction assuming it to 


be a first order reaction. 


fAns. 8.4x107% 871] 
[Hint: Volume of KMnO, used « concentration of H,0; 
Hence, k = 2a log 19 2) 


The half life of a first order reaction is 10 seconds. Calculate 
the time for completion of 99.9% of the reaction. 
[Ans. 99.7 sec = 100 sec} 


‘A first order reaction is 40% complete after 8 min. How long 


will it take before it is 90% complete? What is the value-of the 
rate constant? ; 


[Ans. & = 0.06386 min™'; 1 = 36.06 min] 

The reaction SO,Cl, ~SO,+Cl,, is a first order gas 
reaction with k = 2.2x 10° s”! at 573 K. What per cent of 
SO,C1, is decomposed on heating at 573 K for 90 min? 

[Ans. 11.2] 
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The decomposition of AB(g) > A(g)+ B(g), is first order 
reaction with a rate constant k = 4 x 10“*s7! at 318 K. If AB 
has 26664.5 Pa pressure at the initial stage, what will be the 
partial pressure of AB after half an hour? 

[Ans. 12981.7 Pa] 

In the first order reaction A(g)— B(g)+C(g), the initial 
pressure of 4 is 11200 Pa and the total pressure at the end of 
16 minutes is 14667 Pa. Calculate the half life period of 
reaction. 

{Ans. 30 min] 

It was found that a solution of cane sugar was hydrolysed to 
the extent of 25% in 1 hr. Calculate the time taken for the 
sugar to be 50% hydrolysed assuming that the reaction is of 
first order. . 

[Ans. 2.408 hours] 

A reaction is 20% complete in 20 minutes. How long will it 
take for 80% completion if the order of reaction is (a) zero and 


- (b) one? 


[Ans. (a) 80. minutes (b) 144.27 minutes] 
A second order reaction where a = b is 20% completed in 500 
seconds. How long will the reaction take to be 60% complete? 


[Hint: Apply 
x ; 20 1 -l =f 
= 7 Se ee mol Ls 
ta(d+ x) 500[100 x (100 — 20)] 200000 
60 _ 0 200000 _ 3099 secon ds] 
~ kx 10040 — 100 x 40 


At a certain temperature, the half life periods of a reaction at 


different initial pressures were as follows: 


p (kPa) 100 66.67 33.33 
t(min) - 105 235 950 

Find out the order of the reaction. 

[Ans, 3] 


The time for half change for a gaseous reaction was measured 
for various initial pressures and the following data were 
obtained: 


p(kPa) =. 26.6 40 53.3 
t (min) 150 © 99.8 75.3 
Find out the order of the reaction. 

[Ans. 2] 


Show that for a first order reaction the time required for 99% 
completion is twice the time required for the completion of 
90% of the reaction. 

Show that for a first order reaction the time required to 
complete 99.9% of the reaction is 10 times that a iss for 
half the reaction. 


Show that for a first order reaction, the time een for a 


50% reaction is half that for 75% reaction’ 
The decomposition of an aqueous solution of ammonium 
nitrite was studied. The volume of nitrogen gas collected at 
different intervals of time was as follows: 

Time (minutés) 10 15 20 20 
Vol.ofN, (mL) 6.25 9.00 11.40 35.05 
From the above data prove that the reaction is of the first order. 
(Hint: [A ]p = volume of nitrogen at eo = 35.05 


[A], =V,—-F, : 


when 7 = 10, k= 0 log ae 
10 (35.05 - 6.25) 


= 0.0196 


60. 


61. 


62. 


63. 


"64. 


_ [Ans. - 


200 kJ mol! 


when ¢=15, k = 0.0198 
when ¢=20, k =0.0196] 
Optical rotation of sucrose in] N HCI at various times was 
found as shown below: 
Time (sec) 0 7.18 18.0 27.05 
Rotation (deg) + 24.09 + 21.7 +17.7 +15.0 -10.74 
Show that the inversion of sucrose is a first order reaction. 
{Hint: Initial concentration, [4)=j- 7 
At time ¢, [A],=n—n 
k=118x107s7'] 

The rate law for the decomposition of gaseous N,O. 

N,O,; > 2NO, + 40, 
is observed to be: 

~ AN0s] = iEN,05) 
A reaction mechanism which has been suggested to .be 
consistent with this is: 

K 


N,O;, === NO, + NO, (fast) 
ky ‘ : 
NO, + NO; ——> NO, + NO+ 0, (slow) 
ka 
NO + NO, ——> 2NO, (fast) 


Show that the mechanism is consistent with the observed law. 


[Hint: r= k,[NO,][NO], 
[N,O5 ] “ [NO,] 


. r=k,K[IN,O,]=4[N,05] ] 
Write the overall reaction and the rate law equation from the 
following elementary steps: 
NO + Br, == NOBr, 
NOBr, + NO > 2NOBr 
Adding both the steps, we get overall reac?’ sn, 
2NO + Br, - 2NOBr. 
The second step is slow and, therefore, a rate determining step. 
r= k’[NOBr |[NO] 
_ [NOBr, ] 
[NO][Br, ] 
r=k'K[NOF[Br]] : 
The reaction, 2NO+ O, — 2NO, proceeds in two steps. If 


one elementary reaction is NO + O, — NO;, write the second 
elementary reaction. Write the rate law of the reaction. 


NO + NO, -> 2NO,, rate = k[NO]? [O, ] ] 

At 380°C, the half life period for the first order decomposition 
of H,O, is 360 min. The energy of activation of the reaction is 
Calculate the time required for 75% 
decémposition at 450°C. (TET 1995) 
fAns. 20.39 min] ; 
Calculate the average rate of decomposition of N,O; by the 
reaction, 


[Hint: 


[NOBr, ]= K[NO][Br ] 


2N,0;(g) > 4NO,(g) + O2(g). 


- During the time interval-from ¢ = 600s to ¢ = 1200s using the 


following data: 


rece DAR REET EES EL LETS Ee 
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Time [IN,Os]} 71. Let us consider the following mechanism: 
600 s 1.24 x 10? M CH,CN + H* == CH,CNH* (fast) 
1200 s 0.93 x 10° M CH,CNH* + H,0 -> Product (slow) 


[Ans. 5.166x10° Ms"] 


66. Consider the diagram for reaction: 


67. 


68. 


69. 


70. 


” (Ans, 


A, + By === 2AB 

(a) Calculate the AH of the reaction. 

(b) Calculate the energy of activation for forward and 
backward reaction. 

(c) The dotted line curve is the path in the presence of a 
catalyst. What is the energy of activation for the 
forward and backward reactions in the presence of the 
catalyst? 


Progress of reaction —» 


What is the lowering in activation energy in the 
presence of the catalyst? 
(d) Will the catalyst change the extent of the reaction? 
[Ans. (a) AH =—10kJ/ mol; 
(b) Ey = 30 kJ/mol; £, = 40 kJ/ mol; 
(c) Ep = 10 kJ/mol; £, = 20 kJ/ mol; 20 kJ / mol; 
(d) no | 
Temperature coefficient, p= fase 
25°C 
1.82. Calculate the energy of activation in calories. (R = 1.987 
cal degree mol”! ). 
10.924 kcal/mol] 


of a _ reaction is 


: : l 
For first order gaseous reaction, log & when plotted against 7 


gives a straight line with a slope of —8000, Calculate the 
activation energy of the reaction. 

[Ans. 36.6 kcal] 

The rate at 27°C of a chemical reaction increases 1000 times 
when a suitable catalyst is introduced. Calculate the change in 
the energy of activation that the catalyst has brought in. 

[Ans. 4118 cal] 

Dehydration of tertiary butyl alcohol follows a first order 
reaction, 


(CHy ); C— OH(g ) — (CH; ), C= CH) (g) + HO(g) 


the rate constant at 300° Cis 2.27 x 10 *s"!. Calculate the rate 
constant at 400° Cif the energy of activation for the reaction is 
38 keal. 

[Ans. 4392x10°s"] 


TA, 


7S. 


76. 


Th. 


- What would be the rate law? 


(Aus. Rate = k{CH,CN][H,O][H* ]] 


The thermal isomerization of cyclopropane occurs according 
to the equation: 


CH, 


CH, ——> CH, — CH=CH, 
CH, 


The specific reaction rate constant for this reaction at 499°C 
was 5.95 x 10 sec™!. What is the half life of the reaction? 
What fraction of the cyclopropane will remain after | hour at 
499.5° C? 

[Ams. 1165s; 11.7%] 

A substance ‘ A” was found to undergo two parallel first order 


reactions, 
B 


AR » 4¢6,4-B and A->C, 
Cc 


with rate constants 1.26 x 10 $7! and 3.8 x 10° s"! respec- 


tively, What were the percentage distributions of B and C? 
fAns. 76.83% of Band 23.17% ofC ] 

Two reactions proceed at 25°C at the same rate; the 
temperature coefficient of the rate of the first reaction is 2 and 
that of the second reaction is 2.5. Find the ratio of rates of 
these reactions at 95°C. 

fAns. 5 times] 

The population of India in the year 1988 was 800 million. 
Growth rate is 25 per thousand per year. What will be the 
population in the year 2000 if the growth follows first order 
kinetics? 

[Ans. 1075 million] 


Half lives against initial pressure are given below. Calculate 
the order of the reaction. 


p (mm) 750 500 250 
t (min) 105 235 950 
Find out the order of the reaction. 
(Ans. 3] 


For a given reaction at temperature 7’, the velocity constant &, 
is expressed as: 


pase (k’ = Boltzmann constant) 
Given, R= 2cal K7 mol. Calculate the value of energy of 


activation. Comment on the results. 
[Ams, £=18x 10° cal] 


[Hint; Compare the equation with Arrhenius equation 
kes Ag bal RT wf) 
k= Age 210K IT _. (ii) 
Eq _ 27000k’ 
RT OT 
E,, = 27000Rk’ 


\2 
= 27000 Rx & = 27000 x 2)" 


N 6.023 x10" 


PAN, 


=18x107° ca 


“Activation energy is low, therefore reaction will be fast.] 


18: If the activation energy of a reaction is 80.9 kJ mol”, calculate 
“*> the fraction of molecules at 400°C which have enough energy 
_ *.. to react to form the products. , 

“LS . [Ans, 5.257 1077] 


'.."..[imt:. Fraction of total molecules which are active at a 
~~ ‘Yemperature is given as, 


” Calculate by what factor the rate of catalysed reaction is 


ae =e IRT 
A 
k —E, 
log — = ——_*—— 
A 2.303 RT 


k P —E, 
— = antilog 4 
A 2.303RT 


Be Substituting the values of E and T we can solve the problem.] 
19." 
deans 300. Ke. 


The Rune: data were obtained for a given reaction -at 
‘Reaction . Energy of activation (kJ/mol) 
1. Uncatalysed a - 16 
2. Catalysed 57 


” increased? 
{Ans. 2000] ie 
: k { AE 
.. [Hint: Use: -—* = antilo | 
Pe Fl a 303RF 


80. 


ky = rate constant in presence of catalyst 
ip = rate constant in absence of catalyst 
AE = 76 ~ 57 =19kJ/ mol] 
The “Arrhenius equations for cis-trans isomerization of 


' but-2-ene (CH, — CH= CH— CH, )and but-2-ene, 1-nitrile 


(CH; per CH-— CN)are, 
k(s7!) = 10° exp (-263.5kJ mol '/ RT) 


ko ee )=10!! exp (-214.5 kJ mol”! / RT) 


~* Calculate the temperature at which k = k ~!. 


—fAns, 914K] 

. The half life for a reaction between fixed concentration of 
"reactants varies with temperature as follows: 

ae cs © - 520 533 555 5574 


ty sec —- 1288 813 562 477 


’ Calculate the activation energy of this reaction, 


[Ans. 86.47 kJ mol” y 


. Hint: Use: — log 2 = £ 1 i ! 
a ky} 2.303R\T,. 7, 


ky = 0.693/ ty 
ky = 0.693/t, 


log ee ee ] 
t)' 2303R\T, Th) - 


. _ What percentage of reactant molecules will crossover the 


~*~ energy barrier at 325 K? Heat of reaction is 0.12 kcal and 


‘activation energy of backward reaction is 0.02 kcal. 


G.R.B. PHYSICAL CHEMISTRY FoR COMPETITIONS 


[Hint: Activation energy of forward reaction = 0.12 — 0.02 


= 0.10 kcal 
Fraction of molecules which are active 


f 
, . _ fk) 
or which crossover the energy barrier © | age 


k F -E 
= antilog 
A. e| 2.303 R *| 
: —0.10 x 1600 
= antilog 
2.303 x 2 x 325 
= antilog [-0.06680] = 0.8574 
Percentage of reactant molecules crossing over the barrier 
= 0.8574 x 100 = 85.74]: 


83. Ina milk at 37°C Lactobacillus acidophillus has a generation 


84. 


85. 


86. 


time of about 75 minutes. Calculate the population relative to 
the initial value at 30, 60, 75, 90 and 150 minutes. 
[Ans,. tin 30 60 75 90 
N/N, 1.32 1,74 2 2.30] 
[Hint: In the case of population growth we have to use growth 


kinetics. 
_p = 2303 a a ! 
t at+x} 


= initial population 
x = growth in population in time‘? 
Here,Ng=a; N =at+ x] 
Two reactions of same order have equal pre-exponential 
factors but their activation energies differ by 41.9 J/mol. 


Calculate the ratios between rate constants of these reactions 
at 600 K. 


[Ans. 0.002] 
[Hint: Use the relation, 
E 


logy) k = logy) 4 - ————_ we fl 
i #10“ 2303RT ®) 
E 
I k, =log,, 4 -_——______—_ w {ii 
e810 i= W810 “5303 x 8.314 x 600 — 
E 
| ky = log) A - we Gili 
B10 %2 SN 10 A 5303 x 8.314 x 600 a 
E, - Ey =41.95/ mol . (iv) 
Subtract eq. (iii) from eq. (ii) to determine the ratio.] 
A decomposition reaction has following mechanism 
2N,0, ——> 4NO, + O, (overall) 


N,0O;=— NO, + NO, (fast decomposition) 
NO, + NO, —>NO+ NO, +0, (slow) 
NO + NO, —~ 2NO, (fast) 
Determine rate law, is the mechanism comespends to first 
order reaction. 
=d[N,O5]__ 2k ks 
2 Sa N,O 
[Ans re eras 2 H 
Rate constant of a reaction changes by 2% by 0.1°C rise in 
temperature at 25°C. The standard heat of reaction is 121.6 kJ 


mol”'. Calculate £,, of reverse reaction. 


[Ans. 24.7 kJ/mol] 


87. 
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(Hint: log (Bie sioR 4 = 7 


VAL) 


igh E ( a0 oe 
5100 2303x8314 (208 298.1 


E = 1.463 x 10° J/ mol = 146.3 kJ/mol 
AH =E,~E, 
121.6 = 146.3 ~ E, 
E, = 24.7 kJ / mol] 
Urea (NH,),CO can be prepared by heating ammonium 
cyanate NH,OCN. 
NH,OCN ——> (NH, ),CO 


The reaction may occur by the following mechanism: 
ky 
NH, + OCN7 == aes NH, + HOCN 


(fast, equilibrium) — 


: é k 4 - ; 
NH, +.HOCN —- > (NH, ),CO 
What is rate law predicted by this mechanism? 


. (slow) 


= OBJECTIVE QUESTIONS 


Set-1: Questions with single correct answer 


Chemical kinetics, a branch of physical chemistry, deals with: 
(a) heat changes in a reaction 

(b) physical changes in a reaction 

(c) fates of reactions 

(d) structure of molecules : 

The rate at which a substance reacts depends upon its: 

(a) atomic mass (b) equivalent mass 

(c) molecular mass (d): active mass 

The rate of a chemical reaction: 

(a) increases as the reaction proceeds 

(b) decreases as the reaction proceeds 

(c) may increase or decrease during the reaction 

(d) remains constant as the reaction proceeds 

For the reaction, N, + 3H, ——> 2NHs, rate is expressed as: 


(a) 3 2UNo] _ _ aH] _ 3 d(NF5] 
at dt 2 dt 

(b) a[N] | d{Hy] _ 1 @[NH;] 
dt 3 at 2 di 

(iz d{Ny] _ _ 34{Hy] _ 24[NH5] 
dt dt dt 

a) — Na]. . Ha] _ a0NHG] 
dt dt dt 

For the reaction, 2NO, ——> 2NO + Oy, rate is expressed as: 

fe 1 d[NO,]_ 1 d[NO] _ d[0,] 

: 2 dt 2 at dt 

(b) 1 d[{NO,]__ 1 d[NO] _ [0,1 

2 dt 2 dt dt 


88. 


10. 


[Ans. Rate == “AL INH J[OCN" |= kINH,]°[OCN7 J] 


For the reaction N, (g)+ 3H (g)——> 2NH,(g), ‘under 
certain conditions of pressure and temperature of the reactants, 
the rate of formation of NH, is 0.001 kg br’. Calculate the 
rate of reaction for N, and H,. 


[Ans. 1.76 x 10 kg br ‘J 
{Hint: cilia ipa Lr f 1 d{NHs] 
dt 3 at 2 dt oan 
AIS) portato oO aa 
dt 7 "i 
= 0.058 mol hr”! 
=4IN a] =| 6.058 mol he 
dt 2 
= 0.029 mol br? 
= 0.029 x 28 x 107? kg hr™ 
= 8.12 10 kg hr! 
Similarly, - a = 1.76107 kg hr™' J 


(©) 2d[NO,] _ 2d[NO] _ d[O,] 
dt dt dt 

(A) _ a{NOz} _ a{NO] _ [02] 
dt dt dt 


The rate of reaction that does not involve gases, is not 
dependent on: 

(a) pressure ’ (b) temperature 

(c) concentration (d) catalyst 

For the reaction, 4 +B —»2C+D, which one is: the 
incorrect statement? : 

(a) Rate of disappearance of A = Rate of dissppeareice of B 
(b) Rate of disappearance of 4 = Rate of appearance of D 
(c) Rate of disappearance of B = 2 x rate of apprarance of C ~ 


{d) Rate of disappearance of B = I x rate of appearance of C 


In a reaction, 24, + B, ——> 24,8, the reactant. A will 
disappear at: 
(a) half the rate that B will decrease 
(b) the same rate that 8 will decrease 
(c) double the rate that 4,8 will form 
(d) twice the rate that 8 will decrease 
In the reaction 3.4 — 28, rate of reaction + a is equal to: 
fy : 
[JEE (WB) 2008] 
3 d[ A]: 
Saat ars 
the expression 


| d[A] 2 a ‘d[ A] 
(a) ra? (b) 5 (0) +2 it 
For the reaction, re — +N, + 0, 

1 d[NO] 
“Ss 


‘represents: 


San 
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16. 


177, 


2. 


(a) the rate of formation of NO 

(b) the average rate of the reaction 

(c) the instantaneous rate of the reaction 

(d) all of the above 

The term - S in the rate expression refers to the: 

A: < 

(a) instantaneous rate of reaction 

(b) average rate of reaction 

(c) increase in the concentration of reactants 

(d) concentration of reactants 

A.ccording to collision theory of reaction rates: 

(a) every collision between reactant molecules leads to a 
chemical reaction 

(b) tate of reaction is proportional to the velocity of the molecules 

(c) rate of reaction is proportional to the average energy of the 
molecules 


(d) rate of reaction is proportional to the number of collisions 
per second 

According to collision theory: 

(a) all collisions are sufficiently violent 

(b) all collisions are responsible for product formation 

(c) all collisions are effective 

(d) only a fraction of collisions are effective which have 
enough energy to form products 

Which of the following has been used to explain the subject of 

chemical kinetics? 

(a) Collision theory of bimolecular reactions 

(b) The activated complex theory 

(c) Arrhenius equation 

(d) All of the above 

The activation energy for a chemical reaction depends upon: 

(a) temperature 

(b) nature of reacting species 

(c) concentration of the reacting species 

(d) collision frequency 

In a reaction, the threshold energy is equal to: 

(a) activation energy + normal energy of reactants 

(b) activation energy ~ normal energy of reactants 

(c} normal energy of reactants — activation energy 

(d) average kinetic energy of molecules of reactants 

The influence of temperature on the rate of reaction is 

determined by: 

(a) Nemst’s equation (b) Gibbs-Helmholtz equation 

(c) Arrhenius equation (d) van’t Hoff equation 

According to the collision theory of reaction rates, the rate of 

reaction increases with temperature due to: 

(a) greater number of collisions 

(b) higher velocity of reacting molecules 

(c) greater number of molecules having the activation energy 

(d) decrease in the activation energy 

The temperature coefficient of a reaction is: 

(a) ratio of rate constants at two temperatures differing by 1°C 

(b) ratio of rate constants at temperature 35°C and 25°C 

(c) ratio of rate constants at temperature 30°C and 25°C 

(d) specific reaction rate at 25° 
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22, 


k 
(a) logy) 2 


In general, with every 10°C rise in temperature, the rate of 
reaction becomes:approximately ........... : 

(a) ten times (b) double 

(c) half (d) one tenth 

Activation energy of the reaction is: 

(a) the energy released during the reaction 

(b) the energy evolved when activated complex is formed 


(c) minimum amount of energy needed to overcome the 
potential barrier 


(d) the energy needed to form one mole of the product 


The temperature coefficient of most of the reactions lies 
between: 

(a) 2 and 3 (b) | and 2 

(c) 2 and 4 (d) 3 and4 


According to Arrhenius equation, rate constant of a chemical 
reaction is equal to: 
(a) Aenea (RT (b) Agha (RF 
(c) Aert Fa (d) Ae RT Ea 
The correct expression for Artheniv~ - vtine ne 
effect of temperature on the rate constant is (7, > 7, ): 

(DCE Page. 


= Ey TD, 
k, °2.303R | Ty - 7; 


~ 


ke  R [%-T 
b) lo pla ee Sl” 
(°) 10810 = 33038, TT, | 


(4) logy) “2 = 22} B= 
%, 2303R| Th 


In order to react, a molecule, at the time of collision, must 
possess a certain amount of energy known as: 

(a) free energy (b} kinetic energy 

(c) threshold energy (d) internal energy 

The activation energy of a reaction is zero. The rate constant 
of the reaction: ICE YT (PR i¢8T) 
(a) increases with increase of temperature 

(b) decreases with decrease of temperature 

(c) decreases with increase of temperature 

(d) is nearly independent of temperature 

The activation energy of a reaction can be lowered by: 

(a) using a positive catalyst 

(b) increasing temperature 

(c) decreasing temperature 

(d) increasing concentration of the reactants . 

The activation energy for a hypothetical reaction A ——> Product 
is 12.49 kcal/mol. If temperature is raised from 295 to 305, the rate 
of reaction increases by: 

(a) 60% (b) 100% 

(c) 50% (d) 20% 

The plot between concentration versus time for a zero order 
reaction is represented by: (AM fF age 


30. 


31. 


32. 


33. 


34. 


35. 


36. 
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so 


— {> 


The rate of reaction increases with rise in temperature because 
of: [Comed (Karnataka) 2008] 
(a) increase in the number of activated molecules 

(b) increase in the activation energy 

({c) decrease in the activation energy 

(d) increase in the number of molecular collisions 

Which of the following is a first order reaction? 

(a) 2HI—» H, + L (b) 2NO, ——> 2NO+ O, 

(c) 2NO+ O, ——» 2NO, = (d) NH,NO, ——> N, + 2H,O 
Which one of the following is not a first order reaction? 


H* 
(a) CH,COOCH, + H,O —-> CH;COOH + CH,OH 
(b) CH,COOC,H, + NaOH ——> CH,;,COONa + C,H,OH 
(c) 2H,O, ——> 2H,O+ O, 
(d) 2N,0, —— 4NO, + O, 


_ Rate expression of a chemical change is — “ = k{AP[BI cy. 


The order of reaction is: 
(a) 3 (b) 2 (c} 1 (d) zero 
For a reaction, 24 + B ——>C + D, the concentration of B is 


kept constant and that of 4 is tripled the new rate of reaction 
will be: ‘ , 

(a) nine times (b) three times 

(c) same (d) zero we 

The rate of the reaction, A + B + C ——> Products, is given by 


_ aA] _ V2p paper ql/4 
A k[A] 14 [C] 


The order of the reaction is: 
(a) 1/2 (b) 13/12 
(c) 1 (d) 2 
Which of the following rate laws has an overall order of 0.5 
for the reaction involving substances x, y and z? 
(a) Rate = A[C, |[C, JIC. ] 
(b) Rate = KC, ]°*[C, PC, 2° 
(c) Rate = A{C,} °C, FIC? 
(d) Rate = AIC, JIC, IC. 
If the rate of reaction between A and B is given by rate 
= k{A][BJ’, then the reaction is: 


38, 


39, 
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41. 


42, 


43. 


44, 


45. 


46. 


(a) first order in 4 (b) second order in B 

(c) third order overall (d) all are correct 

For the reaction A ——> B, the rate of reaction is quardrupled 
when the concentration of 4A is doubled; the rate of the 
reaction is r= A[A]"; the value of n is: 

(a) | ' (b) zero (c) 3 (d) 2 

Select the rate law that corresponds to the data shown for the 
following reaction: A+B 3 (CBoE 1994) 


Expt. No. [Alp [Bly Initial rate 
1. 0.012 0.035 0.10 
2. 0.024 0.070 ~ 0.80 
35 fs 0.024 0.035 © 0.10 - 
4. 0.012 0.070 0.80 


(a) rate = k[BP (b) rate = A[ BT 
(c) rate = k[A][B} (d) rate = ALAP[BT 
For a chemical reaction, 4 ——> E, it is found that rate of 


reaction is doubled-when the concentration of A is increased 
four times. The order of the reaétion is: 

(a) | (b) 2 

(c) 1/2 (d) zero 

The rate of reaction, 4 + B ——> Products, is given by the 
equation, r= A[A][B], If B is taken in large excess. the order 


of reaction would be: (BIT 1992) 
(a) 2 - (b) 1 
(c) zero (d) unpredictable 


The rate of reaction between A and B increases by a factor of 
100, when the concentration of A is increased 10 folds. The 
order of reaction with respect to A is: 
(a) 10 (b) 2 (c) | 
The rate law for the reaction, - 

RC1 + NaOH(ag.) ——> ROH + NaCl 
is given by, Rate = A[RCI]. The rate of reaction will be: 
(a) unaffected by increasing temperature of the reaction 
(b) doubled on doubling the concentration of NaOH 
(c) halved on reducing the concentration of NaOH to one half 
(d) halved on reducing the concentration of RCI to one half 
A zero order reaction is one: 
(a) in. which reactants do not react 
(b) in which one of the reactants is in large excess 
(c) whose rate is uniform and not affected by time 
(d) whose rate increases with time 


The rates of a certain reaction at different time intervals are as 
follows: 
Time (second) 0 10 20 


Rate 18x10 1.82x107? 1.79x10? mol L's"! 
The reaction is of: : 

(a) zero order (b) first order 

(c) second order (d) third order 

For which of the following, the units of rate and rate constant 


(d) 20 


of the reaction are identical? 


(a) First order reaction 
(c) Second order reaction 


(b) Zero order reaction 
(d) Fractional order reaction 


567 


568 


47. 
48. 
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50. 


51. 


52. 


53. 


54, 


58. 


56. 
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-(c) equal to 20 minutes 


The unit of ens constant for a zero order reaction is: 


(a) mol time! (b) Ltime™! 
(c) mol L7 time”! (d) Lrnol! time”! 
For a zero order reaction: (EAMICET 7990} 
1 : 1 
(@) ta (b) type FA ©) tyaea @) ty "F 
a 


The rate of the first order reaction, 4 ——> Products, is 


7.5x 10% mol L s7!, when the concentraiun of A is 0.2 mol 


_L. The rate constant of the reaction is: 


(a) 2.5x 10% 5! (b) 8.0x10*s7 
(c) 6.0x 10 s7! (d) 3.75x 10° 57 


If the concentration is expressed in mole per litre and time in 
second, the units of rate constant for a first order reaction is: 


(a) mol L! sec"! (b) sec”! 
(c) mol oi (d) mol”! 
“Which one of the following formula represents a first order 
reaction? 
(aye = 7303 jog 4b yy p= 2.2 
[A]p t a(a-x) 
‘ es 2510 ag 2.303, a 


(d) k =——— log — 
t oes 


75% of a first order reaction was completed in 32 minute; 
when was 50% of the reaction completed? 


(a) 4 min (b) 8min (c) 24min = (d) : 16 min. 
The first order rate constant for the decomposition of NOs is 
6.2x 10*s"'. The half life period for this decomposition is: 
(GMILNR 1993} 


(a) 1117.7s (b) 1117s = (c) 223.48 (dd) 160.98 
The half life period of a first order reaction is: 

“. 0.693 0. a 0.693 0.693 
fay 4b) fe) rae (d) eS 


The paler rate constant ofa first ae reaction depends on: 
(a) concentration of the reactants 


_ (b) concentration of the products 


(c) time 

(d) . temperature 

For a given reaction of first order, it takes 20 minutes for the 
concentration to-drop from 1.0 M to 0.6 M. The time required 


_ for the concentration to drop,from 0.6 M to 0.36 M will be: 


(a) more than 20 minutes _—(b) less than 20 minutes 
(d) infinity 


For the first order reaction A ——> Product, the half jee is 200 


’ seconds. The rate constant of the reaction is: 


(a) 3.46 107 s7! (b) 3.46x 10° s 
(c) 3.46x 10% s7! (d) 3.46x 10% s7 
The following data were obtained for the thermal 


decomposition of nitrous oxide on finely divided gold: 
t (minutes) 0 20 40 60 = 80 


Concentration of N,O (mol L) 0.10 0.08 0.06 0.04 0.02 


The order of reaction is: ; 
(a) zero (b) 1 (c) 2 (d) 3 


59, 


60. 
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The following data are for the decomposition of ammonium 
nitrite in aqueous solution: 


Vol. of N, incm? 6.25 9.0 11.42 13.65 35.02 
Time (min) 10 15 20 25... oo 
The order of reaction is: 
{a) 3 (b) 2 (c) 1 (d) zero 
(Hint: a= 35.02, (a- x)= 35.02 ~-V, 


2.303 35.02 
log ————- 

. t (35.02 ~ ¥,) 

In the first order reaction, the concentration of reactant 

decreases from 1.0 M to 0.25 M in 20 minutes. The value of 

specific rate is: 

(a) 69.32° | (b) 6.932 (c) 0.6982 (d) 0.06932 

The half life period of a first order reaction is 10 minutes. The 

time required for the concentration of the reactant to change ~~ 

from 0.08 M to 0.02 Mis: CLET 19905 

(a) 10min (b) 20min (c) 30min = (d) 40 min 

The rate constant for the hydrolysis reaction of an ester by 


Apply, ] 


' dilute acid is 0.6931 10° s”!. The time required to change 


the concentration of ester from 0.04 M to 0.01 Mis: - 

(a) 6931 sec (b) 4000 sec 

(c) 2000 sec (d) 1000 sec 

The rate of.a gaseous reaction is given by the expression 
k[A][B]. If the volume of reaction vessel is suddenly reduced 
to one-fourth of the initial volume, the reaction rate relative to 
the original rate will be: (IT 19923 
(a) 1/16 (b) 1/8 {c) 8. (d) 16 

The velocity of a reaction is doubled for every 10°C rise in 


‘temperature. If the temperature is raised to 50°C, the reaction 


velocity increases by about: 
(a) 12times (b) 16times (c) 32times (d) 50 times 


If the rate expression for a reaction is “ = kL A}?( By, the 
t 


overall order of the reaction is: iCEE (Bihar) 1992] 
(a) 2 (b) 1/2 {c) 3/2 (d) 1 

The rates of a certain reaction at different times are as follows: 
Time (second) 0 10 20 30 
Rate 2.8 x 10? 2.78 x 1072.81 x 1072.79 x 107 
(mol L s7'5. 7 

The reaction is of: 

(a) third order (b). second order 

(c) first order (d) zero order 

The second order rate constant is usually expressed as: 

(a) mot LD! s7 (b) mol! Lt s7 


(c) mol”! Ls? (d) mol Ls"! 
The hydrolysis of ethyl acetate is a reaction of: 
H * 


CH,COOC,H, + H,O —> CH,COOH + C,H,OH 


(b) first order 
(d) third order 


(a) zero order 
(c) second order 
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“Which of the following statements regarding molecularity of 


‘For a single step reaction, A + 2B ——> Products, 


~ (a).zero 


CHEMICAL KINETICS 


The inversion of cane sugar is represented by, 
C,2Hy,0,; + H,0 — C,H,.0, + CgH,20¢ 


It is a reaction of: 
(a) second order (b) unimolecular 

(c) pseudo-unimolecular __- (d) zero order 

In a second order reaction, the time needed for the initial 719 
concentration of the reactant to reduce to half that value is: 
(a) independent of the initial concentration 

(b) proportional to the initial concentration 

(c) inversely proportional to initial concentration 

(d) proportional to the square of the initial concentration 


{PMT (MP) 1993] 


the reaction is wrong? 
(a) It may be either whole number or fractional 
(b) It is calculated from the reaction mechanism 
(c) It depends on the rate determining step 
(d) It is number of molecules of reactants taking part in a 
single step chemical reaction 
For the reaction, A, (g)+ Br(g)— 2HBr(g), the reaction 
rate is: 
rate = k[H, ][Br, }”” 
Which one of the following statements is true for this 83 
reaction? 
(a) The reaction is of second order 
(b) The molecularity of the reaction is 3/2 
(c) The unit of & is sec” 
(d) The molecularity of the reaction is two 
Molecularity of the reaction: 
(a) is always a whole number 
(b) is never a whole number 
(c) can have a fractional value 
(d) can be zero 
the 
molecularity is: 
(b) three © two (d) one 
The hypothetical reaction, A, + B, ——> 2AB, follows the . 
following mechanism: 
Ay—> A+A 
A+ B,——> AB+B 
A+ B—> AB 
The order of the overall reaction is: 
(a) zero | (b). 1 (c) 2 
The molecularity of a reaction is: 


(fast) 

(slow) 

(fast) 

[PMT (Pb.) 1991] 
(a) 3/2 


(a) same as its order : : 85. 


(b) different from order 
(c) may be same or different as compere to order 
(d) always zero 


The chemical reaction, 20, ——> 30, proceeds as follows: 86. 


0,-—> 0,+0 
O+ 0; —> 20, 
The rate law expression should be: 
(a) r= k{O;7 (b) r= k{O;P[O,7" 
(c) r= AO; ][02] (d) r=[0,][0,F 


(fast) 
(slow) 
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r=k[O;][0]= 


a kK [O3 10] 
Hint: omar ld 


= k[O3 [0.177] 


Time required to decompose half of the substance for nth 
order reaction is inversely proportional to: 


(a)a"*! (b) a" 
(c) a"~* (d) a" 
. What is the order of the reaction which obeys the expression 
ha = ~? . 
(a) Zero (b)- Third 
" (c) First -(d) Second 


‘The order of reaction can be deduced from: 


(a) experiment (b) chemical equation 

(c) rate constant ‘ (d) thermochemical equations 
The order of a reaction may be determined d by: , 

(a) differential method (b) initial rate method 

(c) graphical method (d) all of these 

A graph between time (f) and the substance consumed at any 
time is found to be a straight line passing through the origin. 
This indicates that the reaction is of: 

(a) second order (b) first order ~ 

(c) zero order (d) fractional order 


. A plot of log (a — x) against time ‘z’ is a straight line. This 


indicates that the reaction is of: 


(a) zero order (b) first order 
(c) second order ’ (d) third order 


For the reaction N,O;(g)——> 2NO,(g)+ 50: (g), the 


value of rate of disappearance of NO, is given as 6.25x 107 
mol L's"'. The rate of formation of NO, and O, is given 
respectively as: [CBSE (PMT) 26:10} 
(a) 625x107 mol L's and 625 10 mol L's! 

(b) 125x107? mol L's! and 3.125 x10? mol L's"! 

(c) 625 10° mo] L's“! and.3.125x 10 mol L's 

(d) 125% 10 mol L's and 6.25% 107 mol L's 


mint; 24N205] _ , 1A0N305] _ 400] 
. dt *5 dt at 
‘g\N;03] _ 2 ANP “ae 2x 625x107 
dt a 


= 125x10mol L's” 
A021 5 {anal 4 x625x 10" 
dt 2 dt 2 
= 3125x107 mol L's! ] 
The ratio of the time required for 3th of the reaction of first 


order to complete to that required for half of the reaction: 
(a) 4:3 (b) 3:2 

(c) 2:1 (d) 1:2 

In pseudo-unimolecular reactions: 


- (a) one of the reactants is.present in large excess 


(b) both the reactants have same concentration 
(c) both the reactants are present in low concentration 
(d) one of the reactants is less reactive 
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87. -The reaction, 


88. 


89. 
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91. 


92. 


93. 
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2N,0,(¢) ——> 4NO,(g) + O,(g), 
is first order with respect to N,O;. Which of the pellewine 
graph, would yield a straight line? 
(a) log ( Pn, s ) versus time with —ve slope 
(b) ¢ PN20; y! versus time 


(c) (Pn, o, ) versus time 

(d) log ( Pwo, ) versus time with +ve ‘slope 

Consider the following statements : 

(i) increase in concentration of reactant increases the rate ofa 
zero order reaction 

(ii) rate constant & is equal to collision frequency ‘4’ if E, = 0 

(iii) rate constant & is equal to collision frequency A if FE, = co 

(iv) log , k vs T is a straight line 

(v) log, & vs I/T is a straight line 

Correct statement are : 

(a) (i) and (iv) 

(c) (iii) and (iv) . 

(e) (i) and (v) 


If we plot a graph between log & and — by Arrhenius equation, 


(b) (ii) and (v) 
(d) (ii) and (iii) 


the slope is: eace (Engg. ) 2010] 
E, E, . 

a) -E,/R b) +£,/R (cc) - d) + 4 

(a) -E, (b) +£,/R  (c) 5 305R (d) 2303R 


The rate of the reaction, 
CC1,CHO + NO ——> CHCI, + NO + CO, 
is given by the equation, rate = A[CC],CHO][NO] If 
concentration is expressed in mol / litre, the units of & are: 
[PMT (MP) 1993| 


(a) mol? Ls! (b) ae 
(c) Lmof! s (d) s™ 
In a reaction, 24 + B —— > A,B, the reactant A will disappear 


at: [PMT (MP) 1993| 
(a) half the rate that B will decrease : 

(b) twice the rate that B will decrease 

(c) the same rate that B will decrease 

(d) the same rate that 4,8 will form 

The rate of the reaction, 2NO + O, ——> 2NO,, at.25°C is 


0.028 mol L' s“. The experimental rate is given by 
r= k{NO][0,] 
If the initial concentrations of the reactants are O, = 0.040 
mol 7! and NO = 0.01 mol cI, the rate constant of the 
reaction is: ; 
(a) 7.0x107 Lmol?! s7 
(c) 7.0x10? L? mol? sd) 7.0x 10° L mol” s™ 
(Hint: 0.028 = &[0.01F[0.040]] 
For the reaction, , 
2NO + Cl, ——> 2NOCI, 
the following mechanism has been proposed. 
NO+ Cl, == NOCI, 

NOCI, + NO ——> 2NOCI 

The rate law for the reaction is: 


(b) 7.0x 10% V2 mot s! 


(slow) 


[PMT (Kerala) 2010). 


(fast). - 


94. 


95, 


96. 


97, 
"280, + O, === 280,, the rate of reaction was measured as 


98. 


99. 


100. 


the-expression for 


(a) rate = A[NO/[CI,] 
(c) rate = kK[NOCI,] . 
(Hint: 

rate = k‘ [NO}[NOCI, ]= &’K[NO][NO][Cl, ]= &[NOP{[Cl ]] 


The rate of a reaction can be increased in general by all the 
following factors except: 


(a) by increasing the temperature 


(b) rate = k[NO][Cl, ]? 
(d) rate = k[NOCI]*_ 


* (b) using a suitable catalyst 


(c) by increasing the concentration of reactants 
(d) by an increase in activation energy 
How will the rate r = A[SO, ][O, ] of reaction, 
2S0, + 0, ——> 280;, 
change if the volume of the reaction vessel is tripled? 


(a), It will be xa of its initial value 


(b) It will be 3 times of its initial value 
(c). It will be 9 times of its initial value - 


(d) It will be st of its initial value 


Radioactive disintegration is an example of: 
(a) zero order reaction (b) first order reaction 
(c) sécond order reaction = (d) third order reaction 
In.the formation of sulphur trioxide by the contact process, 
~ 12) 3.910 mol L's. 
dt 
The rate of reaction expressed in terms of SO, will be: 
(a) 3.0x10% mol L's! (b) 6.0 1074 mol LZ! 57! 
(c) 15x10 mol L's? (d) 4.5x 10 mol Lt : 
The rate constant for a first order reaction is 6.909 min™ 
Therefore, the time required in minutes for the participation of 


1 


75% of the initial reactant is: [PET (J&K) 2009] 
2 2s ee 3 
a) —log2 b) —log 4 c) —log 2 d) —log4 
(a) lee (Oy Se fers, log (d) log 
For the reaction, _ 
A+2B—9C +d, TA) - Kaley? 


giz] will be: 
at 


(a) 2kLAqLBY (0) 5 MAILE? 

(c) kLABP (d) ALA][B/27 

Which of the following statements is not correct for the 

reaction, 

44+ B—>52C+2D? 

(a) The rate of appearance of C is one-half the rate of 
disappearance of B 

(b) The rate of disappearance of B is one-fourth of the rate of 
disappearance of A 

(c) The rate of formation of D is one-half of the rate of 
consumption of A 

(d) The rates of formation of C and D are equal 
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102. 


103. 


104. 


105. 
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107. 
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CHEMICAL KINETICS 


The overall rate of a reaction is governed by: 

(a) the rate of the fastest intermediate step 

{b) the sum total of the rates of all the intermediate steps 

(c) the average of the rates of all the intermediate steps 

(d) the rate of the slowest intermediate step 

The rate constant of a reaction does not depend upon: 

(a) temperature 

(b) activation energy 

(c) catalyst 

(d) concentration of reactants and products 

The half-life period of a first order chemical reaction is 6.93 
minutes. The time required for the completion of 99% of the 
chemical reaction will be : (log 2= 0.301) {ATEEE 2909) 
(a) 230.3 minutes (b) 23.03 minutes 

(c) 46.06 minutes (d) 460.6 minutes 

For the chemical reaction x —— jy, it is found that the rate of 
reaction increases 2.25 times when the concentration of x is 
increased 1.5 times. What is the order of reaction? 

(a) One (b) Two (c) Three (d) Zero 

(Hint: r+ = k[x]° and 2.25, = k[1 Sx]? 

So, 2.25 = (1.5)* or a= 2] 

The half life period of a reaction is constant for: 

(a) zero order (b) first order 

(c) second order (d) none of these 

From different sets of data of ¢,. at different initial 


concentrations say ‘a’ for a given reaction, the [t,,. x a] is 

found to be constant. The order of reaction is: 

(a) zero (b) 1 (c) 2 (d) 3 

Diazonium salt decomposes as 

CgHsN, Cl ——> C,H,Cl + Np. 

At 0°C, the evolution of N, becoimes two times faster when the 

initial concentration of the salt is doubled. Therefore, it is: 
{MELAR 198} 

(a)_a first order reaction 

(b) a second order reaction 

(c) independent of the initial concentration of the salt 

(d) a zero order reaction 

For the reaction, N,(g)+ 3H,(g)——> 2NH,(g), under 

certain conditions of temperature and pressure of the reactants, 

the rate of formation of ammonia is 0.001 kg hr7'. The rate of 

consumption of hydrogen under the same conditions is ...... kg 

br. 

(a) 0.001 (b) 0.003 (c) 0.002 (d) 0.0015 

The rate constant, the activation energy and the Arrhenius 

parameter of a chemical reaction at 25°C are 3.0x10%s7, 


104.4 kJ mol and 6.0x 10% s7! respectively. The value of : 


rate constant at T ——> ~ 1s: 
(a) 2.0x 108 s7 
(c) infinity 
In the reaction 
BrO; (ag. )+ SBr° (ag. )+ 6H’ ——>3Br, (/)+ 3H,O(/) 
The rate of appearance of bromine (Br, ) is related to rate of 


disappearance of bromide ions as following: 
CBSE, (PMT) 2002] 


(HIT 1996) 
(b) 6.0 x 10'4 57! 
(d) 3.6x 10° 57! 
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* (a) 4/2303 (b) A 


112. 


571 


(a) 


d[Br | r 3 a[Br ] (b) d[ Br ] - 3 a{Br’] 
dt 5 at dt. 5 dt 

() d{ Br, ] 7 _54[Br J (a) a[ Br] a, 42 a[Br] 
3 at dt 3. dt 


Given that x is the rate constant for some order of any reaction 
at temp. 7, then the value of lim log k, (where, A is the 
Arrhenius constant) is: sees 


(c) 2.3034  (d) log.A 

The curve depicts the change in 

concentration of species X and f 
'Y as a function of time. The § \X 
_ point of intersection of thetwo & 

curves represents: 2 

3] 

(a) t)2 2 

(b) ty bY 

(c) ty, Time — 2 
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(d) data insufficient to predict 
In gaseous reactions, important for the understanding of the” 
upper atmosphere H,O and O react bimolecularly to form two 
OH radicals. AH for this reaction is 72 kJ at 500 K and E, is 
77 kJ mol”'; then E,, for the bimolecular recombination of two 
OH radicals to form H,O and O is: 
(a) 3 kJ mol! (b) 4 kJ mol”! 
(c) 5 kJ mol! (d) 7kJ mol! 
From the following data, the activation energy for the reaction 
(cal/mol)} is: 

H, + 1, ——> 2HI 


Leg | erat | tk] 
| 7690 | axl? | 29 | 
[ 1 1.5x 107 | i 

(a) 4x 104 (b) 2x 104 

(c) 8x 104 (d) 3x 10° 


The hydrolysis of an ester was carried out separately with. - 
0.05 N HCl and 0.05 N H,SO,. Which of the following will be 
true? 
(a) kycr > uso, (b) ky.so, > Auer 
(c) ku.so, = 2kuer (4) Ay so, = uct 
For an endothermic reaction, where, AH represents the 
enthalpy of the reaction in kJ/mol, the minimum value for the 
energy of activation will be: 
(a) less than AH (b) zero 
(c) more than AH (d} equal to AH 
In the following first order competing reactions; 

A + Reagent ——> Product 

B + Reagent ——> Product 


- The ratio of k,/k, if only 50% of B will have been reacted 


when 94% of A has been reacted is: 

(a) 4.06 (b) 3.06 : 
(c) 2.06 (d) 0.06 

Two reactions A — Products and B — Products, have rate 
constants k, and kg, at temperature 7 and activation energies 
E, and E, respectively. If k, >k, and E,<E, and 
assuming that A for both the reactions is same, then: 
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G.R.B. PHYSICAL CHEMISTRY For COMPETITIONS 


(a) at higher temperatures k, will be greater than k, 

(b) at lower temperatures &, and kg will be close to each 
other in magnitude 

(c) as temperature rises, k, and kg will be close to each other 
in magnitude 


(d) at lower temperature kp > k 4 


A substance undergoes first order decomposition. The 
decomposition follows two parallel first order reactions as: 

ky B , 

a ky = 1.26 x 107 s and ky = 3.8 x 10° $7 

ky C ; 
The percentage distributions of B and C are: 
(a) 80% B and 20% C (b) 76.83% B and 23.17% C 
(c) 90% B and 10%€ (d) 60% Band 40% C 
Inversion of a sugar follows first order rate equation which can 
be followed by noting the change in rotation of the plane of 
polarisation of light in a polarimeter. If %,,% and % are the 


zotations att =o,¢=fandt=0, then first order reaction can 
be written as: 


(a) t= 40g, 17% (b) k=1 tog, B= 

t ly — Nos é u-% 
(c) ped tgge = t (d) besiege 
t ie: pO ei 


Rate of a chemical reaction can be kept constant by: 
(BHU 1993) 
(a) stirring the compounds 
(b) keeping the temperature constant 
{c) both (a) and (b) 


- (d) none of the above 
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The number of molecules of the reactants taking part in a 
single step of the reaction tells about: (AMU 1992) 
(a) molecularity of the reaction 

(b) mechanism of the reaction 

(c) order of reaction 

(d) all of the above 

Number of moles of a substance present in 1 litre volume is 
known as: 
(a) activity (b) molar concentration 

(c) active mass (d) none of these 

The inversion of cane sugar into glucose and fructose is: 

(a) I order (b) Tlorder (c) [order (d) zero order 
The unit of rate constant obeying the rate expression 


—r=klAy (BY? is 


(a) mol"? litre’? time™! ——()_ mol”/? Jitre™?/> time“! 
(c) mol? Jitre*’? time"! (d)_ none of these 
For the reaction, 

N,0, —> 2NO, + 1/20,, 


d[N,O 

é. was =k,{N,05] 
d[NO 
ANP = kN03] 

d[O.] _ 

#02) 5N,04 


The relation in between 4; , and k, is: 


[PMT (MP) 1993] - 
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_ period for the reaction is: 


(c) 2k, = 4k, = ky, (d) none of these 
The rate constant is numerically the same for three reactions of 


first, second and third order respectively. Which one is true for 


the rates of the three reactions if the ‘concentration of the 
reactant is greater than 1 M? 
(a) F=H=% (b) ¥>H>% 
(c) ¥<H<H% (d) All of these 
In the Q.No. 127, if the concentration of the reactant is less 
than 1 M, then: 
(a) H=H=H (b) > 5H >K 
()K<5K<4% (d) all of these 
In the Q.No. 127, if the concentration of the reactant is | M, 
then: 
(a) F=H=% (b) K>H>H 
(c) R<H<K (d) all of these 
For a first order reaction, 4 ——> Product, the rate of reaction. | 
at [A] = 0.2mol L” is 1.0x 10? mol L*! min“! 
(HIT 1999) 
(a) 832s (b) 440s (c) 416s. (d) 14s 
The rate constant of a first order reaction, A wine Products, is 
60 x 10 min7!. Its rate at [.4]= 0.01 mol L! would be:. 
duT 1997) 

(a) 60x 10 mol L! min (b) 36x 10 mol L7 ae 
(c) 60x 10 mol LD! min! (d) 36x 107! mol L! min 
as a first order reaction, the half life is independent of: ' 

(CBSE 1999) 
Gi initial concentration 
(b) cube root of initial concentration 
(c) first power of final concentration 
(d) square root of final concentration 
Activation energy of a chemical reaction can be determined 
by: (CBSE 1998) 
(a) changing concentration of reactants 
(b) evaluating rate constant at standard temperature 
(c) evaluating rate constants at two different temperatures 
(d) evaluating velocities of reaction at two different tempera- 


tures 
The experimental data for the reaction 2A + B, —> 2AB, is: 
Expt.No. [4] {B,] Rate (noel s“') 
> Ie 9650 050° ° 1.6x104 
2. 0.50 1.00 - 3.2x 107 
B20 ae” DO 1.00 3.2x 104 
The tate equation for the above data is: (CBSE 1997) 


(a) rate = k[B,]° (b) rate = [B3] 

(c) rate = K[AP [BP (d) rate = A[AT[B] 

For the reaction A —> B, the rate law is: rate = k[ A]. Which of 
the following statements is incorrect? [PMT (Pb.) 1998] 


~ (a) The reaction follows first order kinetics 


(b) The ¢,,. of the reaction depends on initial concentration 

(c) & is constant for the reaction at a constant temperature 

(d) The rate law provides a simple way of predicting the con- 
centration of reactants at any time after the start of the re- 
action 


- The halflife 
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CHEMICAL KINETICS 


Cyclopropane rearranges to form propene: 
A » CH, — CH = CH, 
This follows first order kinetics. 
2.714 « 107 sec"! 
0.29 M. What will be the concentration of cyclopropane after 


The rate constant is 


100 sec? |JEE (Orissa) 2009] 
(a) 0.035 M (b) 0.22M 
(c) 0.145 M (d) 0.0018 M 


The rate constant for the reaction, 
— N,0;(g)—> 2NO, 9 apes = O2(8), 
is 2.3 x 10° sec”!. Which equation given a describes the 


change of [N,O, ] with time [N,O, ], and [N,O,], correspond 
to concentration of N,O, initially and time ‘f’?(ATIMS 2004) 


(a) [NyO5 Jp =[N205], e” 
[N05 ]p 

b) 1 2 = ft 

©) 186 0s 


(c) logy [N2O5], = logig [N25 ]p ~ At 
(d) [N205], =[N205]o + At 
The reaction, ¥ —— > Y (Product) follows first order kinetics. 


. In 40 minutes, the concentration of ¥ changes from 0.1 M to 


0.025 M, then the rate of reaction when concentration of X is 
0.01 Mis: {LIT (S) 2004] 
(a) 1.73 1074 M/min (b) 3.47x 10° M/min 
(c) 3.47x 104 M/min (d) 1.73 x 10° M/min 


In a first order reaction, the concentration of the reactant, 
decreases from 0.8 M to 0.4 M in 15 minutes. The time taken 
for the concentration to change from 0.1 M to 0.025 M is: 


(a) 30min (b) 15min (c) 75min (d) 60min 
A substance undergoes first order decomposition. The 
decomposition follows two parallel first order reactions as; 


HaB k, =1.26x 107 sec? 
A 
ky Ck, =3.8x 10° sec! 
The percentage distribution of B and C are: 
[PMT (Kerala) 2004] 
(b) 80% B and 20% C 
(d) 90% Band 10%C 


(a) 75% Band 25% C 
(c) 60% Band 40% C 
() 76.83% Band 2317% C 


rr a reaction 2NH, ——> N, + 3H, it is observed that 


= k;€NH; ). 
wie is the relation Sack k,, ky and k;? 
(c) 2k, = 3k. = 6k, (d) 6k, = 3k, = 2k, 
In Arrhenius equation k = Ae *a (Ar factor e ®«'® is known 


as: 


. The initial concentration of cyclopropane is . 
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(a) frequency factor 


_(c) depends upon order 


573 


(b) -activation factor 

(c) pre-exponential factor (d) Boltzmann factor 

Unit of frequency factor (A ) is: 

(a) moles/lit (b) moles/lit/sec . 

(d) no unit 

For the reaction A +B-—»C+D, the variation of the 


concentration of the products is given by the curve: 


| Y,z 

5 

i 

5 
2 w 

oO x 

Time — 
(a) x b)y .  ©)z -@) w 


Which graph shows zero activation energy? 


wll oN, 


Reaction —+ Reaction—» _ 
og f 7 
Oe ae @)*— 
Reaction —+ Reaction —» 
Ernreshoid CAN never be: 
(a) > Ep (b) > Ep 
(c) <Ep (d) > Ep as well as > Ep 
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A reaction takes place in three steps; the rate constants are 


k,,k and k;. The overall rate constant k = aud 
2 

of activation are 40, 30 and 20 kJ, the overall energy of 

activation is: 

(a) 10 (b) 15 (c) 30 (d) 60 

For hypothetical reaction A - B takes place according to 

ATC, A+C— D(slow) 

Rate law will be: 

(a) K,[A]IC ] (b) hkl 4] © keLAT @) MeQLAICT 

If concentration of reactant is ‘increased by ‘wm’; then & 

becomes: 

(a) "(by (c) kim (d) mk 

ad + bB —» P; dx/ dt =k{ AY’ -[BY. If cone. of 4 is 


doubled, rate is doubled. If B is doubled, rate becomes four 
times. Which is correct? 


. If energies 


(a) -a[A] _ -a[B] (b) ~d[A] _ -2da[ B] 

dt dt dt dt . 
(c) cc et wc (d) None of these 
it at dt 
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(a) 6x 10° sec 


" (a) rate = k[OT[O,] 
“(c) rate = KO, P{0,T! 


- (c) rate = k[NH,OCN] 
155. 


G.R.B. PHYSICAL CHEMISTRY FOR COMPETITIONS 


A drop of solution (volume 0.05 mL) contains 3 x 10° mole of 


H’. If the rate constant of disappearance of H* is 10’ mol litre”! 
sec”', how long would it take for H* in the drop to disappear? 
(b) 6x 10° sec 


(c) 6x 10°'° see (d) 6x 107)? sec 


ky 
For the reaction, H, + 1, === 2HI. The rate law expression 
: k 


2 
[sa dt 


dt 


ALF, I] 


_ HIP 
~ el Fe] [L] ly 
©@|-3 1a = [Hy ]1,] - ke[HIP 


@ |- 1) ko He] 


The chemical reaction, 20; -- —> 30, proceeds as; 
0, —= 0, + 0 (fast), O + O; — 20, (slow) 

The rate law expression will be: 

(b) rate = [0,7 

(d) can’t be determined 


For the reaction NH, +OCN ——» NH,CONH), _ the 


; probable mechanism is, 


NH; + OCN” == NH,OCN 
and NH,OCN ——> NH,CONH, 
The rate law will be: 

(a) rate = A[NH,CONH, | 


(fast) 
(slow) 


(b) rate = k[NH,]*[OCNT 
(d) none of these 
For a 1st order decomposition, 
ka ky ‘ 
A, ¢—— 4 
k3 
A, 
overall & will be given by: 
(fa) kK=kh +k, +...+k, 
(c) k= kh Xk, xX...Xk, 


For a reaction A + 3B -> P, Rate = = 


(b) K=(A, + kat... tk, an 
(d) none of these 


A ; 
| , the expression for 


‘the rate of reaction in terms of change i in the concentration of 


p ia] 


will be : 
(a) ate " (b) MAPLE] 
(c) 3k{A][B] (d) (AKL APIBI 


Which of the following statements is correct? 


(a) Rate of reaction oak 
2 a 
(b) At lower temp., increase in temp. causes more change in 
the value of k 
(c) Both (a) and (b) are correct 
(d) None is correct 


158. 


159. 


160. 


161. 


162. 


163. 


164. 


. terms of molarity Mf unit are respectively: 


For X >¥;k = 10!% eT and for W—>Z; k = 10'2e71'F 


at what temperature ‘7'’ both reactions will have same value of 
kK? 


(a) 500K (b) 1500 K 
4.606 2,303 
eK ak 

©) S00 () S000 


For a reversible reaction where the forward reaction is 
exothermic, which of the following statements is correct? 
[JEE (WB) 2019] 
(a) The backward reaction has higher activation energy than 
the forward reaction 
(b) The backward and the forward processes have same 
activation energy 
(c) The backward reaction has lower activation energy 
(d) No activation energy is required at all since energy is 
liberated in the process 
For the reaction, 4 +38 ——> 2C+D 
which one of the ‘following i is not correct? 
{EAMCET (Med.) 2046} 
(a) Rate of disappearance of A = Rate of formation of D 


(b) Rate of formation of C = : x Rate of disappearance of B. 


(c) Rate of formation of D = : x Rate of disappearance of B 


(d) Rate of disappearance of A = 2 x Rate of formation of C 
2A ——» B + C, would be a zero order reaction when: 
{CBSE (PMT) 2002) 
(a) the rate of reaction is proportional to square of concentra- 
tion of ‘A’ 


. (b) the rate of reaction is same at any concentration of ‘A’ 


(c) the rate remains unchanged at any concentration of ‘B’ and 
sf Od 

(d) the rate of reaction doubles if concentration of ‘B’ is 
increased to double 

Units of rate constants for first and zero order reactions in 

(AILEE 2002} 

M sec"! (b) sec, M 

(c): M sec! ,sec™! (d) M,sec™! 

Following is the graph between log ¢,,. and log a (a = initial 

concentration) for a given reaction at 27°C. Hence, order is: 


(a) sec™!, 


log typ F-+--------------- 


loga ——» 


(a) 0 (b) 1 (c) 2 (d) 3. 
Following is the graph between (a~x)! and time ¢ for 
second order reaction. 0 = tan™’ (1/2);OA = 2L mol”, hence 
rate at the start of reaction will be: 
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CHEMICAL KINETICS 


tmin — 


(a) 1.25Lmol™ min (b) 6.5 mol L! min“! 
(c) 0.125 mol LF! min! (d) 1.25 mol L! min“! 


Graph between concentration of the product ‘x’ and time ‘?’ for 
A — B is given ahead: 


x 
~{—_ 
The graph between — a and time will be of the type: 
gay ©) aa LE 
dt dt 
— C= 
dt dt 
| a) CE 
t —> t= 


Consider the chemical reaction, 

N,(g) + 3H,(g) —> 2NH,(g) 
The rate of reaction can be expressed in terms of time 
derivative of concentration of N,(g), H,(g) or NH;(g). 
Identify the correct relationship amongst the rate expressions: 


(ilT 2062) 
(a) eae = CUNO eT IN] 
im dat 3 dt 2 dt 
(b) fate ANG) 2 og aT US 
dt dt dt 
d{N,]_ 1 d[H,] _ 1 d[NH,] 


(c) rate = = = 
dt 3. dt 2 at 


(@) rate = — #0N2] _ _ 41H] _ 41NH5] 
dt dt dt 


For the reaction, 
N,(g) + 3H2(g)— 2NH;(g), if 
2\NH;, ] 


= 2x107% mol L's“, the value of ie would be: 


|CBSE (PMT) 2009] 
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‘(c)4.x 107 mol L's"! 


575 
(a) 1x 107 mol L's (b) 3x 104 mol L's"! 
(d) 6x 10% mol L's"! 
Temperature dependent equation can be written as: 
jJEE (Orissa) 2605] 

(a)Ink=In A—ef/®? (hb) nk = In A + ef 2/8? 
(c)Ink=In A-e®"/¥2 —(d) all of these 
If the rate of reaction 4 ——> B doubles on increasing the 
concentration of A by 4 times, the order of reaction is: 
[CET (J&K) 2005) 
(a) 2 (b) 1 (c) 1/2 (d) 4 
For the reaction: 2N,O;(g)—> 4NO, (g)+ O,(g) if the 
concentration of NO, increases by 5.2x 10° M in 100 sec, 

[PET (Kerala) 2005} 
(b) 5x 104 Ms"! 
(d)2x10° Ms! 


then the rate of reaction is: 
(a)1.3x10° Ms. 

(c) 7.6x 104 Ms"! 
(e)2.5x 10° Ms"! 

A first order reaction is 10% complete in 20 min. The time 
taken for 19% completion is: [PET (Kerala) 2605] 
(a) 30 min (b)40 min. (c) 50 min (d) 38 min 

(e) 45 min 

An endothermic reaction with high activation energy for the 
forward reaction is given by the diagram: (AIEMS 2005) 


Potential Potential L\ 
energy R energy R 
P 
P 


Reaction —> Reaction — 
coordinate coordinate 


(a) . (b) 
t p t : 
Potential ’ Potential 
energy energy R 
R: 


Reaction .—> Reaction —> 
coordinate coordinate 


(c) (d) 


For reaction a4 ——> xP, when [A]= 2.2 m-M, the rate was 


found to be 2.4m M s7'. On reducing concentration of A to 
half, the rate changes to 0.6 m Ms_!. The order of reaction 
with respect to A is: (AHMS 2065) 


(a) 1.5 (b) 2.0 (c) 2.5 (d) 3.0 
(Hint: Rate =k[A]‘° 

24=k[22]* ... (i) 

0.6=k{[1.1]%  ... Gi) 
Dividing eq. (i) by eq. (ii),a=2 .. order = 2] 


According to the law of mass action, rate of a chemical 
reaction is proportional to: (AFMC 2605) 


576 


176. 


177. 


178. 


179. 


180.. 


k= Ae~®/®" Jn this equation, E represents: © 
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(a) concentration of reactants 
(b) molar concentration of reactants 
(c) concentration of products 
(d) molar concentration of products 


. Consider the endothermic reaction X —> Y with the activation 


energies E, and E, for backward and forward reactions, 
respectively, In general: 


(aE, < Ey 


(b) E, > Ey 

(c) E, = Ey 

(d) there is no definite relation between E yand E, 

Which one of the following statements for order of reaction is 


not correct? {HET (S) 2665] 
(a) Order can be determined experimentally 


(b) Order. of reaction ’ is equal to sum of powers of | 


concentration terms in differential rate law ~ 
(c) It is-not affected by the stoichiometric coefficient ofthe 
reactants 


(d) Order cannot be fractional 
The rate constant of a reaction is found to be 3 x 10° mol L™ 
min”. The order of the reaction is: 


ICET (J&K)} 2066) 
(a) zero (b) | (c) 2 (d) 1.5 : 
(Hint: Unit of rate and rate constants are same for zero order 
reaction. ] 
In the first order reaction, the concentration of the reactants is 
reduced to 25% in one hour. The half life period of the reaction 
18: {UGET (Manipal) 2005} 
(a) 2 hrs (b) 4 hrs (c) 1/2 hr (d) 1/4 hr 
{Hint: k= a8 log ad 
a~-x 
ea tog 22) - 2x 0.693 
i 25 
hae 0.693 _ 0.693, I br] 
k 2x 0693 2 


-A substance reacts with initial concentration of a mol dm™ 


according to zero order kinetics. The time it takes for the 
completion of the reaction is: (k = rate constant) 
: 2b - CET (Karnataka) 2009} 


k a 2k 
(a) = (b) oe (c) . (d) — 
(e) ka 
[Hint x=kxt 


a . A a 
’ Time for completion of reaction (when x = a@),ie,f=— ] 


Rate of a reaction can be expressed by Arrhenius equation as, 


(ATPEE 2006) 

(a) the energy above which all ne colliding molecules will 
react 

(b) the energy below which colliding molecules will not react 

(c) the total energy of the reacting molecules at a temperature T 

(d) the fraction of molecules with energy greater than the 
activation energy of the reaction 


(ATEEE 2005) 


181. 


- 182. 


183. 


184. 


185. 


186. 


f 
(b) In ky --f{ 2-2] 
. R\T 


(a) 0 
. [Hint: 
'* H’ the order will be one. 


The rate constant of a first order reaction at 27°C is 10? min”. 
The temperature coefficient of this reaction is 2. What is the rate 
constant (in min!) at 17°C for this reaction? 

EE 1006) 
(d) 107 


(a) 107 (b) 5x10*% (c) 2x 10° 


k 
(Hint: ~2. = yi"? 


q, 
d 10° = (uyio"9 =-2 


kr, 


-3 
ne 10 


1 


— =0.5x107 


=5x 10% min] 


In a chemical reaction, two reactants take part. The rate of 
reaction is directly proportional to the concentration of one of 
them and inversely proportional to the concentration of the 
other. The order of the reaction is: . [PMT (Raj.) 4606] 


(a) zero (b) 1 (c) 2 (d) 4° 
According to Arrhenius equation, the rate constant (& ) is 
related to temperature (7 ) as: (VITEEE 27) 
x 
(a) In ky Faf Vd 
km) RIA 7) 


Wil bax 
(c) Inj — Satara 
mJ) RAR YT 


(@) In ky =F b42) 


Consider a_ reaction aG+bH ——» Products. When 


concentration of both the reactants G and H are doubled, the 
rate increases by eight times. However, when the 
concentration of G is doubled keeping the concentration of 
fixed, the rate is doubled. The overall order of reaction is: 
(HET 20073 
(b) 1 (c) 2 (d) 3 
Order with respect to ‘G’ will two and with respect to 


Rate=k(G? [A]! 
When concentration of both G and H are doubled, the rate will 
increase eight times. ] 


The temperature dependence of rate constant (k) of a_ 
chemical reaction is written in terms of Arrhenius equation 
k = Ae~*«'8? | Activation energy (E,, ) of the reaction can be 
calculated by plotting: MS lonT) 


Gy be k a7) ogk OeeE. Vee 
T log T 


Consider the 2A +B ——> Products. When 
concentration of B alone was doubled, the half life did not 
change. When the concentration of A alone was doubled, the 
rate increased by two times. The unit of rate constant for this 
reaction is: (ALTEEE 2007% 


{a) sg (b) L mol™ igo (c) unitless (d) mol Lig?! 


reaction, 


187. 


188. 


189. 


190. 


191. 


192. 


avi CHEMICAL KINETICS 


[Hint: Concentration change in ‘B’ does not change half life, it 
means the reaction is first order with respect to B. When 
concentration of only ‘A’ is doubled, the rate of reaction becomes 
double, thus order with respect to A will also be one. 
Overall order of reaction = 2 
unit of rate constant = L mol's" i 
In a first order reaction 4 ——> B, if k is rate constant and 


initial concentration of the reactant 4 is 0.5 M then half life is: 


: [CBSE (Med) 2007] 
' log 2 log 2 In 2 0.693 
b ae cath 
(a) ( i Pare (©) ; (d) nye 


For the first order reaction, halflife is 14 sec, the time required 
for the initial concentration to reduce to 1/8 of its value is: 

haa (J&K) 2007] 
(a) qa4y sec (b) 28 des (c) 42sec — (d) (4y sec 


75% of a first order reaction was completed in 32 min, when 


was 50% of the reaction completed? [BHU (Mains) 2007] 

(a) 24min (b) 16min (c) 8 min (d) 48 min 

For a zero order reaction, : 

A-~—P : : 

ty y, ‘is: (kis rate constant) [BHU (Mains) 2007] 
es ~ 2 In 2 

a b) — c d 

(a) (b) == OF a O oe 


The rate constants ; and k, for two different reactions are 


10? andi pee respectively. The temperature 


[CBSE (PMT) 2008] 
65 sa: K (c)1000K 


at which k, = k, is: 
(a) 2000 K — 
(Hint : 10'5 & fore i, ean = 2000/7 


if 
e ~ 2000/7 10'5 


: ig ur “08 
ge 10007 _ gol 
log, e 1000/7 — Jog, 107! 
S100 9303 log;) 10°! 
T 
= — 2.303 
T= 1000 K] 
2.303 


Under the same reaction conditions, initial: concentration of 
1.386 mol dm~* of a substance becomes half in 40 seconds 
and 20 seconds through first order and zero order kinetics 


respectively. Ratio | of the rate constant for first order (A) 


0 


and zero order (Xp) of the reaction is : (ILT 2008) 
(a) 0.5 mol”! dm? (b) 1 mol dm™ 
(c) 1.5 mot dm™? (d) 2 mol! dm? 
0.693 
{Hint : er ie . : ars 
4o = 2893. 9g = 1:386 _ 0.693 


ky, = 2ky ky 
20 _ 0.693/ky _ ky 
40 0.693/k, ko 


193. 


194. 


195. 
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‘ios eat ——- 0.5 mol dm? J 
ko mol dm7 > sec” 
The decomposition of HI on the surface of gold is: 
[Comed (Karnataka) 2008] 
(a) Pseudofirst order (b) zero order 
(c) first order (d) second order 
Consider following two reactions — 


A——~ Product, r =k [Aly 
a t ; 
B—> Product , os oe = k[B]o 
kj and k, are expressed in terms of molarity (mol L”') and 
time (s~ a. BEY (fai) ae 
(ays, oe (b) Ms” ae Ss” 
‘(c)s7! wid ian (d) Ms” ee 


If a plot of log,)C versus ¢ gives a straight line for a given 
reaction, then the reaction is : (VITEEE 20068) 
(a) zero order (b) first order (c) second oder (d) third order 
[Hint: 


logig C 


’ In first order reaction, log,)C when plotted against time ‘?’ then 


196. 


197. 


~ yate-after 20 min is: 


we get straight line. Slope of the line (? 2 gives the value of 


rate constant. ] 
For a zero order reaction the plot of concentration of reactant 
versus time is: (intercept refers to concentration axis) 
[PET (Kerala) 2008| 
(a) linear with +ve slope and zero intercept 
(b) linear with —ve slope and zero intercept 
(c) linear with —ve slope and non zero intercept 
(d} linear with +ve slope and non zero intercept 
(e) a curve asymptotic to concentration axis 


{Hint : 


. 


. 
. 


Time ——> 


Concentration———» 


Linear with negative slope and non zero intercept.] 

Ts of first order reaction is 19 min, Starting with'10 mol L"', 

- (AIIMS 2008) 
(a) 0.0693 mol L7! min™! 

(b) 0.0693 x 2.5mol L' min™! 
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198. 


199. 


200. 
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(c) 0.0693 x Smol 7! min™! : 
(d) 0.0693 x 10mol LD! min™! 


[Hint : Remaining concentration of reactant after 20 min 
-+ x 10=2.5mol L! 
Rate = kx [Reactant ] 
_ 0.693 


ty 
_ 2. 0.693 


x [Reactant] 


X 2.5 = 0.0693 x 2.5mol L™ min” }] 


For the decomposition of AB at 600 K, the spewing data 
were obtained 


Rate of decomposition of AB in 
3 ' 
4B] mol dm mol dm?s! 
0.20 2.75x 10° 
0.40. 11x10 
0.60 — 24.75x 10°8 
The order of the decomposition of AB is : 
[CET (Karnataka) 2009} 
(a) 0 (b) 1 (c) 2 (d) 1.5 


For a reaction between A and B, the initial rate of reaction is 


measured for various initial concentrations of A and B. The. 


data provided are: (DCE 2009) 
‘Exp.No [AI Bl eae) 
1. 0.2M 0.3 M- 5x 10° 
2. ~~ +02M 0.1M 5x 105 
3. 0.4M 0.05 M 7.5x 10° 
The overall order of the reaction is: . (DCE 2009) 

(a) one (1) (b) two (2) 


(c) two and a half (2.5) (d) between | and 2 
For a first order reaction A———>P, the temperature (T’) 
dependent rate conoiant (x) ba found to follow the equation: 


logk = -~(2000)= +60: 


201. 


202. 


__ respectively, are : 


The pre exponential factor A and the activation energy £, 
IT 2009) 


(a) 1x 10° s7! and 9.2 kJ mol 


(b) 687 and 16.6 kJ mot! 
(c) 1x 10° s7! and 16.6 kJ mol 
(d) 1x 10° s™! and 38.3 kJ mol 
1 
a al “2303 *7 
Comparing this equation with the given equation we get, 
A=10s", E,=383k3 mol] 
The time for half-life period of a certain reaction, 
A —> Product is 1 hour. When the initial concentration of the 
reactant ‘4’ is 2 mol L'. How much time does it take for its 
concentration to come from 0.50 to 0.25'mol L”" if it is a zero 


order reaction? (AIEEE 2010) 
(a) 0.25h (b) lh (c) 4h (d) 0.5h 
; n-1 
[Hint = (2) 
ho Va) 
1 (os) 
by zs Log 
t, = 0.25 h] 


Consider the reaction : 
Cl, (aq)+ H,S(ag ) ——> S8(s)+ 2H" (ag) + 2Cl (aq) 
The rate equation for this reaction is : 
Rate = & [Cl,][H,8] : 4 
Which of these mechanisms is/are consistent with this rate. 
equation? 


A. Cl,+H,S—> H"+Cl+Cl"+HS" (slow) 


cl*+HS’ —> H*+Cl' +8 
B. H,S == H* +HS" 
Cl, +HS’ —> 2Cl +H*+S. 


(fast) 
(fast equilibrium) 
(slow) 


(AIEEE 2010) — 
(a) neither AnorB - 
(c) Bonly 


‘(b) Aonly 
(d) both A and B. 


“CHEMICAL KINETICS 


Assertion-Reason TYPE QUESTIONS 


(he questions given below consist of two statements each printed as 
‘Assertion’ (A) and ‘Reason’ (R). While answering these questions 
"ou are required to choose any one of the following four options: 


6. 


(a) If both (A) and (R) are correct and (R) is the correct 


explanation for (A). 

(b) If both (A) and (R) are correct but (R) is not the correct 
explanation for (A). 

(c) If (A) is correct but (R) is incorrect. 

(d) If (A) is incorrect but (R) is correct. 


. (A) The rate of reaction sometimes does not depend on con- . ~ 


centration. 

(R) The order of reaction can be negative. 

(A) The rate of reaction increases generally by 2 to 3 times for 
every 10°C rise in temperature. 

(R) Increase in temperature increases the collision Pree 

(A) Hydrolysis of ethyl acetate in presence of acid is a reaction 
of first order whereas in presence of alkali, it is a reaction 
of second order. 

(R) Acid acts as catalyst only whereas alkali acts as one of the 
reactant. 

(A) The molecularity of the reaction, 

_ .H, + Br, —— 2HBr is 2. 

(R) The order of this reaction is 3/2. 

(A) Positive catalysts lower the activation energy of the reac- 
tion whereas heat of reaction remains same. 

(R) Heat of reaction is equal to the difference between activa- 
tion energies for forward and the backward reactions. 

(A) Positive catalysts increase the rate of reaction. 


(R) Catalysts decrease the value of AG°. 


10. 


11. 


12. 


13. 


14, 


(A)k = Ae Fal BT. the Arrhenius equation represents the de- . 


pendance of rate constant with temperature. 
(R) Plot of log k against 1/T is linear, and the activation en- 
ergy can be calculated with this plot. 


' (A) If the activation energy of a reaction is zero, temperature 


will have no effect on the rate constant. 
(R) Lower the activation energy, faster is the reaction. 


_ (A) Order with respect to any reactant or product can be zero, 


positive, negative and fractional. 


(R) Rate cannot decrease with increase in concentration of a 
reactant or product. 


(A) Formation of HI is a bimolecular reaction. 


(R) Two molecules of reactants are involved in this reaction, 


(A) The order of the reaction, 
CH,COOC,H, + H,O === CH,COOH + rane 
is 2. 

(R) The molecularity of this reaction is 2. 

(A) For: aA + bB —— Product. The order of the reaction is 
equal to (a + b). 

(R) Rate of reaction = k [A}*[BP’. 

(A) The hydrolysis of methyl acetate by dil HC] is a Seas 
first order reaction. 

(R) HC] acts as a catalyst for the hydrolysis. 

(A) The order of a reaction can have fractional value. 

(R) The order of a reaction cannot be written from balanced 
equation of a reaction. (AITMS 2008) 
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[ Pecswere : OBJECTIVE QUESTIONS 


© 2@) =» 3. &) 4. (b) 5. (a) 6. (a) AC) 8. (d) 
9. (b) «10. &) I. (a) 12. (d) 13. (a) 14. (d) 15. (b) 16. (a) 
17. (c) «dB (e) «AY. 20. (b) 21. (c) 22. (a) 23. (a) 24. (d) 
25. (c) 26. (d) 27. (a) 28. (b) 29. (4) 30. @) 31. (d) 32. (b) 
33. (a) 34. @) 35. (b) 36. () 37. (4). 38. (d) - 39. (a) 40. (c) 
4L. (b) 42. (b) 43. (d) 44. (c) 45. (a) 46. (b) 47. (c) 48. (a) 
49. (d) 50. (b) «$1. ©) 52. (d) 53. (a) 54. (b) 55. (d) 56. (c) 
57. (b) 58. (a) 59. (c) - 60. (d) 61. (b) 62. (c) 63. (d) 64. (c) 
65. (2) 66. (A) 67. (6) 68. (6) 6.) 70. (c) 71. (a) 72. (d) 
73. (a) 74 (b) 75. (d) 16. (c) 77. (b) 78, (b) 79. (d) 80. (a) 
81.) 82) sé. (8) 84. (b)_ 85. (c) (86. (a) ~~. —s«#87. a) 88. (b) 
- 89 (c) 90. (c) 91. (b) 92. (d) 93. (a) 94. (d) 95. (d) 96. (b) 
97. (b) 98. (a) 99. (a) 100. (a) 101. (d) 102. (d) 103. (c) 104, (b) 
105. (b) 106. (©). —_—«:107. (a) 108. (d) 109. (b) 110. (b) 11. (d) 112. (a) 
113. ©) “114. (a) 115 (a) 116. (c) | 117. (a) 118. (a, ¢) 119. (b) 120. (b) 
121, (b) 122. (a) 123. (c) «124. (a) 125. (a) 126. (a). 127. (¢). 128. &) 
- 129. (a) 130. (a) 131. (a) 132. (2) «133. (©) 134, (b) 135. (b) «136. () 
137. (b) «. 138. ©) 139. (a) 140. (e) 141. (©) 142, (d) 143. (b)- «144. (b) 
145. ©) 146. (©) «147. (c) 148. () 149, (b) 150. (¢) 151. (b) 152. (ch 
153. (c) «184. (b) 155. (a) 156. (c) 157.) «188. (©) 159, (a) 160. (d) 
161. (b) 162. (a) 163. (a) 164. (©) «165. () 166. (a) 167. (b) 168. (a) 
169. (©) 170. (a). 171.) «7. &) 173. (b): «174. (b) «15. (2) 176. (d) 
177. (a). 178. ©) 179. (c) 180. (6) 181. (b) 182. (a) - «183. (a) 184. (d) | 
185. (b) «186. (b) 187. (c) 188. (c) 189. (bo). «190. (a) 191. (b) 192. (a) 
193. (b) 194, (d), 195. (b) 196. (c) 197. (b) «198. (c) 199. (d) 200. (d) 
201. (a) 202. (b) Pe . Do oo | ‘ 
— [ Aaccuerd : ASSERTION-REASON TYPE QUESTIONS —————_] 
a a eS "3. (a) 4.0) 5.) |) 7). 8. (b) 


49%. ©) 10, @) TOC) ns Pa) ES RE)| 14. (b) 


1, 


At what concentration of H,O,, the rate of the reaction will be 


Step 1: 


Step 2: 
(a) rate = k [NO/'[H,]’ 


k 
B-—— Product, 


CHEMICAL KINETICS: 


TUE ‘BRAIN STORMING PROBLEMS & 


Which of the following is correct? 
(a) Molecularity of a.reaction can be fractional 
(b) Zero order reaction never stops 
(c) A first order reaction must be homogeneous 
(d) The frequency factor ‘A’ in Arrhenius equation 
(k = Ae” *2/*? ) increases with increase in temperature 
The rate constant of the reaction, 
ae (aq.) — 2H, 0(7) + O2(g ), 
is 3x10? min”. 


2x1074* Ms 1? 
(a) 6.67x 103 M 
(c)4M 
{Hint: 


7 (b)2M 
(d) 0.08 M 
Rate = k [H,0, 


2x104= x [H,0,] 


{H,0,]=4 M] 
The mechanism of the reaction, 


is: ; 
: eee -slow 
2NO(g)+ H2(g) => N, + H,0, 


: fast 


(b) rate = k [H,O,][H)] 

(c) on doubling the concentration of H,, keeping the 
concentration of NO constant, the rate will become double 

(d) if the initial concentration of H, and NO is Cy and after 
‘time ‘2’ the concentration of N, is x, then 


Rate = &(Cy — 2x)* 
Slowest step is rate determining 
-, Rate = k[NO]"[H, ] 
On sibiisg the concentration of H, without changing the 


{Hint: 


. iconeentfation of NO, the rate will become double.] 
’ The rate law for a reaction between A and B is given by: 


Rate = k [ayay" 
On doubling _ the. concentration of A and halving the 


concentration ‘of B, the ratio of. pew, rate to the earlier rate of 
the reaction will be as: 


(ayn—m (by 2" 


The reaction 4 ——— Product, is zero order while the reaction 


7 (cp 2 ge CV a 


is first order reaction. For what initial 


concentration of Aare the half lives of the two reactions 
equal? 
(a) (log, 4)M@ 


(b)2M (ec) 2 log 2M (d)In2M 


3x107 , 7 
60 ; 


2NO(g ) + 2H, (g) —> N;(g)+ 2H,O(g), 8. 


_ (a) first order reactions 


. 16° 


IT ASPIRANTS 


{Hint: For zero order reaction, 
x= kt 7. 
a a : 
—=kXh).,1@,t).=—  Q) 
2 2 ys (i) 
For first order reaction, 
log, 2 cs 
ho = 7 .» (ii) 
? . a log, 2 
From eqs. (i) and (ii), —- = —=“— 
qs. (1) and (ii) mE rs 
=log, 4M] 


Which of the following: is pseudo-unimolecular reaction? 
(a) 2H,0, —> 2H,0 + 0, — 


“(b) CgHsN,Cl + HOH —> C,H,OH + N, + HCI 


(c) CH;COOC,H, + NaOH —> CH;COONa + C,H,OH | 
(d) 20, —— 30, 
The order and molecularity eA oS chain jeachion: 

H,(g)+ Ch(g) , 2HC (g), 
are: aa 
(a) 2, 0 {b) 0, 2 (ec) 1,1 
A reactant (A ) forms two products: - 


(d) 3, 0 


Ry 
A-—»B Activation energy £, 


_. ky 
A——»C Activation energy E,, 


If E,, =2E,,, then k, and ky will be related as: 
(a) E ig aba /RT ee per 
(6) ky = Ake? (d) ky = 2kye™22/*? 
(Hint: . ky = Aer! BT 
k, = de bal RT 
a ge Fag + Eq IRT 
Z = goal kr Since, E,, = 2£,, 
k, fs kee) 


Collision theory is satisfactory for: 

(b) second order reactions 

(c) bimolecular reactions (d) zeroth order reactions 
Initial concentration of reactant for nth order reaction is ‘a’. 


. Which of the following relations is correct abous ¢),. of the 


reaction? 


(a) In t;2 = In (constant) — (x — 1) iene 


(b) In 4,2 = In n+ In (constant) — In a 
(c} 4,2 In n = In (constant)+ In ap 
(d) In 4,2 =n In ay” 
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i. 


12, 


“13. 


14. 


(Hint: 
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i 1 
hy € Yo 
: 1 
tye Ear 
a 
In ty. = In k —-(n—}) log, a] 
Half life of a reaction becomes half when initial concentrations 
of reactants are made double. The order of the reaction will be: 


(a) | (b) 2 (c)0 (d)3 


(Hint: fy, — 


1 
ty. 
a 
where, n = order of reaction for second order reaction.] 


Arrhenius equation is: 
k=A e Elk 


Which of the Silos graphs represents the variation of rate 
constant & against temperature T ? (IIT 2010) 


k 
tT 
(b) 
| 
k k 
jT- St enad 
(c) (d) 


If a homogeneous catalytic reaction follows three alternative 


’ paths A,B and C, then which of the following indicates the 
relative ease with which the reaction moves? 


Potential 
energy 


. Reaction coordinate —> 


(a A>B>CO)C>B>AC)A>C>BMA=B=C 
The rate constant for the reaction, 

2N,0, —> 4NO, + 0, 
is 3x 10° sec™!. If the rate is 2.4 10° mol litre! sec, 
then the concentration of N,O, in mol litre™’ will be: 
(ayl.4 2 (b) 2.1 (c) 1.27 (d) 0.8 
Hint: Rate =k [N,O;] . 


15. 


16. 


17. 


18. 


19. 


2.4x10°=3x10° 
[N,0;]= 0.8 4] 
Consider the following statements: 
1. The rate of reaction is always proportional to the 
concentrations of reactants. 
2. The order of an elementary chemical reaction step can be 
determined by examining its stoichiometry. 
3. The first order reactions follow an exponential time 
- course. 
Of these statements: 
(a) 1, 2 and 3 are correct 
(c) 2 and 3 are correct (d) 1 and 3 are correct 
{Hint: Statemént (1) cannot be correct because the rate of zero 
order reactions does not depend on concentration of reactant.] 
Two different first order reactions have rate constants &, and k, 
at T, (k, > k,). If temperature is increased from 7 to 7,, then 
new constants become ky and k, respectively. Which mnong 
the following relations is correct? — 


(a)k, > k, =k, = ky (b) k, <A, and k, < ky, 
(c) k, = kz = ky (d) k, > ky > hi > ky 


In the reaction, 4 +B—>C+v, the rate les when 


[N205] 


(b) 1 and 2 are correct 


plotted against time ‘7’ gives a straight line parallel to time 
axis. The order and rate of reaction will be: 
(a)l,k+1  (b)0,k ()LA+1 QAR +1 
In the Haber’s process of ammonia manufacture, 
N2(g) + 3H,(g) ——> 2NH;(g) 
the rate of appearance of NH, is: 
d{NHs] 


dt 
The rates of the reaction expressed i in terms of Np: and H, will 
be: 


"Rates in terms of H, ? 
(mol L™ see“) 
(a) 3x 104 
(b) 3x 104 
(c) 1x 104 
(d) 2x10" 
(Hint: LS 


= 2x 10+ mol L™ se 


| Rates in terms of N, 
(mol L* sec”) 
2x 107 
Ix 107 
3x 1074 
2x 104 
Rate = + — ~ ~41N2]__ 1 ALN2] 
ees dt caging 
Sa IL? oN] a 
dt 2 ai 
= 5 x2x104=3x104 pagal 


-a[N2] _1 AINH3]_ 1g ag 
dt 2 at 2 
=1x10™ mol L™ sec] 
Areaction 4 —— B, involves following mechanism: 
ky 
A—— +B 


Step 1: (fast) 


Step 2: (slow) 


Step 3:- (fast) 


20. 


21. 


22, 


23. 


* Mechanism I: 


NO;(g)+ NO,(g)—> N,05(g) (fast) 
Mechanism II: 03(g) == 0,(g) + [0] (fast) 
NO,(g)+[0]-——> NO, (slow) 
NO; (g) + NO,(g) —> N,05 (fast) 
(a) I only (b) II only 
(c) Both Land II (d) Neither I nor 1 
(Hint: Mechanism I, Rate = k[NO, — Slow step is rate 
determining 
Mechanism II, Rate=kK[NO,][O]  - . aw (i) 
K =!02l) jo) x 12a 
[03] [Oz] 
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The rate law of the reaction may be given as: 

(a) rate = k,[ A] (b) rate = k,[B] 

(c) rate = k,[C] (d) rate = k,kyk[B][C] 
For a gaseous reaction, the following data were recorded: 


Concentration inmol L™'} 0.1 | 0.05 : 
Half lifeinsec 3029.9 30 
The order of reaction is: 

(a)second _—(b) first (c) zero 


(d) fractional 


The half life of second order reaction is: 

(a) inversely proportional to the square of the initial 
concentration of the reactants 

(b) inversely proportional to the initial concentration of 
reactants 

(c) proportional to the initial concentration of reactants 

(d) eames of the initial concentration of reactants 


(Hint: 4). * ; where, a = initial conc., 7 = order 


ra a 
ty; (second order) « 1 1 
a 


What names apply to chemical species corresponding .to 
locations 1 and 2 on this reaction coordinate diagram? 


AG° 


Reaction progress ——» 


Location 2. . 


Activated complex 


Location 1 | 
(a) Activated complex 


(b) Reaction intermediate Activated complex ~ 
(c) Activated complex Intermediate 
(d) Reaction intermediate Intermediate 


Consider this reaction: 

2NO;(g) + 05(g)—9 NrOs(@) + Org) ° ; 
The reaction of nitrogen dioxide and ozone represented is first 
order in NO,(g) and in O;(g). Which of these possible 
reaction mechanisms is consistent with the rate law? 


NO,(g) + 0;(g) —> NO,(g)+ 0,(g)(slow). 


24. 


25. 


26. 


27. 


28. 


(29. 


30. 
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From eq. (i), Rate = kK[NO, ][0 ][0,]7 


.. Both mechanisms show that reaction is first order with respect 
to NO, and O3.] 


Use the experimental data in the table to determine the rate law 
for this reaction: 

A+B-— >» AB 
These data were obtained when the reaction was studied: 


[A] | I | a IL" sec™ 
oim | o1M 7. 2x 107 
0.2M O1M | 2x10" 
03M 03M = 18x10 


What is the rate equation for the reaction? 
(a)Rate=k[A][B] — (b) Rate = K[ AP’ 
(c) Rate = k [B] (d) Rate = k [BP 


In which of the following reactions, the increase in the rate of 
reaction will be maximum? 


E, Temperature rise 
(a) 40 kJ/mol 200~ 210K 
(b) 90 kJ/mol 300-320 K 
(c) 80 kJ/mol 300-310 K 


(d) All will have same rate 

Which of the reactions represented in these diagrams will 
show the greatest increase in rate for a given increase in 
_temperature? 


; t 

a 2 3 

oO fu] 

ft? Oe 
a re eee 


Reaction (|) —> 


{a) Reaction I forward 
(c) Reaction II forward 


Reaction (11) —> 


’ (b) Reaction I reversed’ 
(d) Reaction II reversed 


Which function of [X ], plotted against time, will give a 


straight line for a second order réaction? 
X —— Product 


(a) [X] LXE OmbLX]. @—-. 


[x] 

Decomposition of H,O, is a first order reaction. A 16 volume 
solution of H,O, of half life 30 min is present at start. When 
will the solution become one volume? 
(a) After 120 min (b) After 90 min 
(c) After 60 min (d) After 150 min 
What is the activation energy for the reverse of this reaction? 

N,0,4(g) ——> 2NO,(g) 
Data for the given reaction is: AH = +54 kJ and E, =+ 572 
ki: 7 
(a) -54 kJ (b) +3.2 kJ (c) +60.2kJ (d)+111.2kJ 
The reaction between chloroform, CHCI,(g) and chlorine 
Cl,(g) to form CCl,(z) and HCI (g) is believed to occur ue 
this series of steps: 
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31. 


32. 


33. 


34. 


35. 


‘Step 1: Cl,(g) —> Cl(g) + Cl(g) 


Step 2: CHCl, (g)+ Cl(g) —> CCl,(g)+ HCl(g) 
Step 3: CCl, (g) + Cig) —> CCly(g) 
If this réaction is first order in CHC, and half order i in Cl, 


which statement about the relative rates of stéps 1, 2 and 3 is 
correct? 


(a) Step 1 is the slowest 
(b) Steps 1 and 2 must both be slow 
(c) Step 2 must be slower than step | 


" (d) Step 3 must be the slowest 


In the reaction, 

3BrO” ——> BrO; + 2Br” (aqueous alkaline medium at 80°C) 

the value of the rate constant in the rate law in terms of 

- 4 [B07] is 0.056 L mol s"'. What will be the rate 
t 


constant when the rate law is stated in terms of S [BrO; ]? 
4 6G Ce ar ee 4-t &. t 


(a)18.7x10 Lmol!s (b) 37.4 x 10° L mol! s! 
(c) 0.0187 L mol! st (d) 18.7 10° L mol? s7 
1 d{BrO"]_ d[BrO3]_*, 1 d[Br7] 


(Hint. 
dt | at 2 at 


Required rate constant = ; x 0.056 L mol! $7 


= 0.0187 L mol! st] ° 
The dependence of the rate constant for a reaction om 
temperature is given by the equation k = 4e*2/*7_. 


Under what conditions is the rate constant & the smhallest? 


’ (a) High T and large E, (b) High F and small £, 
(c) Low F and large E, (d) Low F and small E, - 
The activation energy of a certain reaction is 87 kJ mol. 


What is the ratio of the rate constants for this reaction when 


the temperature is decreased from 37°C to 15°C? 
(a) 5/1 (b) 8.3/1 (c) 13/1 (d) 24/1 
Consider this reaction, 

2H,(g) + 2NO(g) —> N,(g) + 2H,0(g) 
The rate law for this reaction is: 

Rate = k [H, ][NO]? 

Under what conditions could these spe represent ‘the 
miechanism? 


Step I: 2NO — NAO, 


Step 2: N,O, + H, —>N,0+H,0 

Step 3: N,O +H, -— N, + H,O 

(a) These steps cannot be the mechanism under any 
circumstances * 


‘(b) These steps could be the mechanism if oe. lis : the slow 
step 


(c) These steps could be the mechanism if step 2 is the slow. 


step 
(d) These steps could be the mechanism if step 33 is the slow 
step 


Propanon reacts with iodine in acid medium according to the 
follpwime equation: : 
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36. 


= 2 


38. 


39. 


i 
CH, —C—CH,], M 


O 


I : H* | ii 
CH, — C— CH, + 1, ——» CH, — C—CH,I+ HI 
These data were obtained when the reaction was studied: 


0.010. 
0.020 
0; 020 - 
G20" 
What is ‘the rate sa for the reaction? 


us | 
(a) Rate = k [CH, — C—CH,][h] 
Be a 


| 
(b) Rate =k [CH, —C—CH,]’ . 


| ae eee 
(¢) Rate =k [CH; — €— CH, ][}, JH") 
tae, e fe) = 


"(d) Rate = k [CH, — C— CH, }{H"] 


Arrhenius equation k = Ae” a/R? 


If the activation energy of the reaction is found to be equal to 
RT, then: 


_(a) the rate of reaction does not denen upon initial — 


concentration : 


-(b) the rate constant becomes about 37% of the Arrhenius 


constant A 
(c) the rate constant becomes saat’ to 73% of the Arrhenius 
constant A 
(d) the rate of the reaction becomes infjnite or zero 
At 25°C, the values of rate constant, activation: energy and 
Armhenius constant of a reaction are 3 x 10“ sec! , 129 kJ/mol 
and 2 x 10'° sec”! respectively. 
The value of rate constant as T —> © is: : 
(a) zero (b)2x 10% (c)3x10* (d) 6x 10"! 
The observed rate of a chemical reaction is substantially lower 


-than the collision frequency. One or more of the following 


statements is/are true to account for this fact. 
A. the reactants do not have the required energy. 


_B. the partners do not collide in the proper orientation 


C. collision complex exists for a very short time. 
D. collision frequency over estimates the number of effective 


collisions (ISAT 2010) 
(a) A, Band C (b) A, Band D 
(c) B, C and D (d) A, C and D 


The reaction between NO and Cl, takes place in the folowing 


‘two steps: 
ky 
I. NO+Cl,== NOC, 
k 


2 


40. 


41. 


42. 


43. 


44, 


(c) B, == B+B (fast) 


@— -— &) bog (| 


(): log (2) (d) log & 
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: a ee 
II. NOCI, + NO——> 2NOCI 
Ow 


’ The rate law of overall reaction, 


2NO + Cl, ——> 2NOCI 
can be given by: . . 
(a) rate = k [NOP [Cl, ] (b) rate = A[NO][CL,] ° 
(c) rate =k [NOCI][NO] — (d) rate = &k [NO][Cl, ? 
Which of the following reactions will have fractional order for 
A, or B,? 
(a) A,== A+A (fast) (6) 
A+B, == AB +B (slow) 
A+B == AB (fast) 


Ay =— C (slow) 
C +B, == D (fast) 
D+ A, == Products 
(d) All have fractional order 

A,+B== AB + A (slow) 
AB ——» Products (fast) 

In which of the following, Z,, for backward reaction is eer 
than £,, for forward reaction? 


E, = 50 keal 
(a) A ————> B; AH = ~—10 kcal 
: E, = 50 kcal 
{(b) 4 —————> B; AH = +10 kcal 
E, = 60 kcal “ 
(c) A ————_——> B;. AH = + 20 kcal 


(d) All of the above 
(Hint: AH = (E,)¢ - (E, Se 
(E,), = (E, ay AH =50+ 10= 60 kcal] 
For n th order reaction {U2 depends.on (n # bes 
ro bsy4 
(a) initial concentration only 
(b) ‘n’ only 
(c) initial concentration and ‘n’ both 
(d) sometimes ‘n’ and sometimes initial concentration 


[Hint: Time for fractional-change = 


not 
a : 
For a second order reaction, 2A —-—» Products, a plot of log 


ti. vs log a (where, a is initial concentration) will give an 
aa equal to which one of the following? ars 2007) 


2k 


{Hint: Kinetic equation for 
second order reaction is: 


ae t 
mare cas 2 
2: 


log ty. =~ log k — loga] 


‘For a reaction taking place in three steps, the rate constants are 


k,, k, and k,. The overall rate constant k = a If the energy 


3 


‘of activation values for the first, second and third stages are 


ere ie ee 


. 
i 
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respectively 40, 50 and 60 kJ mol” ', then the overall energy of 
activation in kJ mol”! , [PMT (Kerala) 2008] 
(a) 30 (b) ay (c)60 _ ; (d) 50 
(e) 150. 
tHint: «= “i 
ky 
edit : Ae EURT ye gn En RF. 
Ae Es! RT 


eo BIRT @ f- By En+ Ex RT 
E=E,+ £E,- 
=40 + 50-60 =30kJ mol™"] 
45. For an exothermic reaction, following two steps are involved. 


Step]. 4+B—» 1 (slow) 
Step 2. Il—— AB (fast) 
Which of the following graphs correctly represent this. 
‘reaction ? 
5 ee i 
2o |A+B rT 29 |A+B 


| : = 


Reaction ——» Reaction ——> 
coordinate coordinate 


(a) ~ {b) 


Potential = 
energy 


Reaction —» 
coordinate 


(c) (d) 


- Reaction ——» 
coordinate 


46. A reaction takes place in three steps with individual rate 
constant and activation energy, 


Rate constant Activation energy 
Step 1 k, E,, = 180kJ/mol 
Step 2 k, E,, = 80kJ/mol 
Step 3 ky E,, = 50kiS/mol 


: 3 
overall rate constant, k = Ga 
: 3 é 
~-overall activation energy of the reaction willbe : 
(a) 140 kJ/mol - (b) 150 kJ/mol 
(c) 130 kJ/mol _ (d) 120 kJ/mol 
Eq (i RT 4 - Eq) (RT )73 
pine : ae ~Eg/RT | __ Ae | 


~ Eg, (RT 
Ae 


=[ Ae 7a" Egy + Eg, RT ig 
2 : 
= 31h, + E,, ~£,, ] 


= =[180+ 80 ~ 50]= 140 kJ/mol ] | 
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C euswers ——————— 


4 @d) 2. (c) . 3.0)... 4. (b) 
9, (c) 10. (a) 11. (6) 12. (c) 
-17.(b) . 18, (b) 19, (b) 20. (b) 
25. (b) 26. (b) 27.(d) 28. (a) 
33.) = 34. © 35. (d) 36. (b) 
“41. (a) 42. (c) 43. (d) 44, (a) 


. (a) 6. (b) 7. (b) 8. (a) 

. (b) 14, (d) 15. (c) 16. (b) 

. b) 22. (b) 23. (c) 24. @) 

.&) . 30.) . 31. (c) 32. (c) 

. (b) 38. (a) 39. (a) 40. (a,c) 
(a) "46. (a) , 


“Integer Answer TYPE QUESTIONS 


This section contains 10 questions. The answer to” 

' each of the questions is a single digit integer, ranging 
from 0 to 9. If the correct answers to question numbers 
X, Y, Z and W (say) are 6, 0, 9 and 2 respectively, then 
the correct darkening of bubbles will look like the 
given figure : 


1. In the reaction, A --—»B when the initial concentration of 
reactant is halved, the half-life increases by a factor of eight, 
what will be the order of the reaction? 

2. Rate of a chemical reaction increases by 1024 times by 100°C 
rise in temperature; the temperature coefficient of the reaction 
will be: - 

3.. The rate of a reaction at 10 sec intervals are as follows = 


Rate 


Time (sec) (mol L ‘sec! 
0 (48x 107 > 
10. 4.79 x 107 
20 4.78107 

_ 481x107 


__ What will be the order of the reaction? 
4, How many times of the half-life will require to complete 75% 
of a reaction of first order? 


C rwsevene 


1.. (4) -@) 3. (0) — 4, (2) 
9, (0) os 


5. 


Ozone depletion takes place as : 


20; @)—— 30,(g) 
Step 1: 0, (z) == 0,(g)+O(g) (fast) 
Step2: O;(g)+ [ojo 20, (zg) (slow) 


. ofder of the reaction will be : 


If the ¢,,. for a first order reaction is 0.4 min, the time of or 
99.9% completion of the reaction is ............... min. 
Consider following parallel first order reactions 
, YB (thi. = 4 brs) © 
—C | 
C (4/2 = 12 brs) 


The half-life for the decay of A is ................. hrs. 


_ The half-life period of a first order reaction is 1 hr. What is the 


time in hour taken for 87.5% completion of the reaction? 

The half-life of a reaction is doubled’ when the initial 
concentration is doubled. The order of reaction is : 

For the reaction A, + 2B ——> 2AB, the following data were 
observed : 


oS : % Rate 

: Ay|- B) 2 
Exp.No. — ab 1B) | (mol E's 

Bl.. 0.1. 0.01 1.5x 107 

2. "01 0.04 6.0x 10% 

302 0.01 = 3.0x 10% 


The overall order of the reaction will be : 


. (0 6 4 210. 8&0 
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[EP 2e Linkep Comprenension TYPE QUESTIONS @ 


e Passage1 % 


A collision between reactant molecules must occur with a certain 
minimum energy before it is effective in yielding product molecules. 
This minimum energy is called activation energy E,. Larger is the 
value of activation energy, smaller is the value of rate constant. 
Larger is the value of activation energy, greater is the effect of 
temperature rise on rate constant k. 


Potential energy —> 


Collision number —>. 


E , = Activation energy of forward reaction 
E,, = Activation energy of backward reaction 
AH =E,-E, 
E, = Threshold energy 
Answer the following questions: 
1. Ifareaction, A + B ——>C, is exothermic to the extent of 30 
kJ/mol and the forward reaction has an activation energy of 


249 kJ/mol, the activation energy for reverse reaction in 
kJ/mol is: , 


(a) 324 (b) 279 (c) 40 (d) 100 
2. For the following reaction at a particular temperature, 

according to the equations, 

2N,0, ——> 4NO, + 0, 
1 

. 2NO, + 5 0, —> N,0, 

the activation energies are E, and E,, respectively: Then: . 

@E,>E, ()E,<E, (E,=2E, () yEE =! 
3. Ina hypothetical reaction, A — Y, the activation energies for 


the. forward and backward reactions. are 15 and 9 kJ mol”! 
respectively. The potential energy of A is 10 kJ mol'. Which 
of the following is wrong? 
(a) Threshold energy of the reaction is 25 kJ 
’ (b) The potential energy of B is 16 kJ 
(c) Heat of reaction is 6 kJ 
(d) The reaction is exothermic 
4. For two reactions, activation energies are E,, and E,,; rate 
constants are k, and k, at the same temperature. If k, > k,, 
then: 
— @E,, > Ei (b) E, 


= Ey, (0) Eq, < Eq, (A) Eg, 2 Ea, 


5, The rate constant of a certain reaction is given by 
k = Ae*«’®7 (where 4 = Arrhenius constant). Which factor 
should be lowered so that the rate of reaction may increase? 
(a)T (b) Z (c) A @E, 

6. The activation energies for forward and backward reactions in 


a chemical reaction are 30.5 se 45.4 kJ mol” respectively. 
The reaction is: 


(a) exothermic 
(b) endothermic 
. (c) neither exothermic nor endothermic 
- (d) independent of temperature , : 


e Passage 2 


The energy profile diagram for the reaction: : 


CO(g) + NO, (g) == CO, (g)+ NO(g) ae 
is given below: 


Reaction path ——» 


Answer the following questions: 
1. The activation energy of the forward reaction is: 
- (a)x (b) y (c)x+ y (d)x- y 
2. The activation energy of the backward reaction is: - 


(a)x (by (c)xty .(@x-y 
3. The heat of the reaction is: 
(ajx * (b) y (c)xt y (d)x- y 


4. The threshold energy of the reaction is: 
(a)x+p—z (b)x- a z (c)xt+tytz (d)x-y-2z 


e : Passage 3 


i. ‘Population growth .of humans and bacteria follows first order 
growth kinetics. Suppose 50 bacteria are placed in a flask containing 
nutrients for the bacteria so that they can multiply, A study at 35°C 
gave the following results : . 

Time (minutes) — 0 15 30 45 — 60 
Number of bacteria 100 200 400 800 1600 
Answer the following questions: 

1. _ The rate constant for the first order growth of bacteria can be 
’ calculated using: 


o - 
a)k= poe a () k= 232 ig a 
x : t . x 
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(k= . @ k= 
2. Unit of rate constant for first order growth is: 
(a) min! (b)min? - (c)min’ —(d) unitless 
3. The rate constant for the reaction-is: | 

(a) 0.0462 min! (b) 0.462 min™ 

(c) 4.62 min! (d) 46.2 min”! 


4. The rate of growth initially is: 
(a) 4.62 bacteria per min (b) 23.1 bacteria per min 
(c) 23.1 bacteria per sec (d) 0.231 bacteria per sec 
5. At what time, there will be 6400 bacteria in the flask? 
© (a) 150 min =(6)90 min = (c) 160 min © (d) 120 min 


e Passage 4 


Order of reaction is an experimentally determined quantity, It 
may be zero, positive, negative and | fractional. The kinetic equation 
of nth order reaction is: 


er | 1 1 
Moe al nen ae 
(n-1)| (a-x)" a” 
Half life of nth order reaction depends on initial concentration 


according to the following relation: 


1 
hin 
a’?! 


Unit of the rate constant varies with the order but general relation 
for unit of nth order reaction is: .. 


a-1- 
Unit of k = | ! | x time”! 
cone. : 
The differential rate law A nth order reaction mia, be given as: 
, —=k[A]"- 


where, A denotes the reactant. 
Answer the following questions: 
1. The unit of rate and rate constant are same for a: 
'_{a) zero order reaction (b) first order reaction 
(c) second order reaction (d) half order reaction 
2. The rate constant for zero order reaction is: 


@k=2 (by p= OG 
2t pat 
Cy -C Cy 
cjk= In ot d) k= —% 
(0) 7 @k=o 
where C, and‘C, are concentrations of reactants at respective 
times. 


_@) 


assage 1. (d) 2 3. 
Passage 2. 1. (a) 2. (c) | 3. 
Passage 3. 1. (b) » 2. (a) 3. 
’ Passage 4. 1 @) 2. (db). 3. 

Passage 5. 1 © 2 3. 


. (by 


3. The half life for a zero.order reaction equals to: 
Lk 


(a) — 


24 


2 


2 
a 
(b) ob 


‘4, For a reaction: 


r+ocr 


d{1O™} _ 


at 


@= 
a 


— 10° + cr 
in an aqueous medium, the rate of the reaction is given by 
, joc] 


[OH] 


The overall order of the reaction is: - 


(a) -l 


(a) 0 


e Passage 5 


(b) 1 


(b) 1/2 


a 
(d) ob 


(c) zero ({d) 2 
- 5. Inachemical reaction A ——> B, it is found that the rate of the 


réaction doubles when the concentration of A is increased four 
times. The order of the reaction with respect to A is: 


(c) 1 (d) 2 


Consider the reaction represented by the equation: 
CH,Ci(g )+ H,O(g) —> CH,OH(g )+ HCi(g) 


These kinetic data were obtained for the aren ‘reaction 


concentrations: 
Initial conc. (M) 
*{CHCll [H,0} 
0;2 0.2 
0.4 0,2: 
0.4 0.4 


Initial rate Seen of 


d CHC M s? 


1 
2 
8 


1. The rate law for the reaction will be: 
(a) r= k [CH,CI[H,0] 


(c) r= k[CH,CI][H,O/7 


(b) r= k [CH, CI? [1,0] 
(d) r= & [CH,Cl?[H,O}* 


2. Order with respect to [CHCl] will be: 


Answer the following questions based on these data: 


(a) 0 (b) 1 (c)2 (d)3 
3. . Overall order of the reaction will be: 
(a) 0 (b) 1 (c) 2 (d) 3. 


4. Unit of rate constant will be: 
(a) sec 
(c) litre mol! sec 


~l 


(d) mol litre 


(b) litre? mol sec 
T sec! 


-i 


45 if H,0 is taken in large excess, the order of the reaction will 


be: 
(ay 1 


a 


(c) 
(c) 
(a) 


(b) 


(b) 


(b) 0 


©3  @2 


5. (d) 


5, (b) 
5. (b) 
5. {a) 


6. @). 


(d) , 
(b) 
(a) 
(@) 
-@ 
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SECTION-I 


Straight Objective Type Questions 


This section contains 10 multiple choice questions. Each 


question has 4 choices (a), (b), (c) and (d), out of which only. 


is 3x10>sec!. If the rate of 
274x105 mol litre”! sec”!, then the concentration of N,Q, in 
mol litre”! is . 
(a) 1.4 (b) 1.2 (c) 0.04 (d) 0.8 
Half life of a reaction is inversely proportional to cube of 
initial concentration. The order of reaction is: 
(a) 4 (b) 3 » (c)5 (d) 2 
The oxidation of ammonia takes place as, , 

"NH; (g)+ 30,(g) —> 2N,(g) + 6H,O(g) 


reaction is . 


 (a)1.4moiL's! 
-(c) 1.5 mol L's"! 


if the rate of formation of N, is 0.7 M/s , determine the rate at 
which NH; is consumed: 


-(b) 0.7 mol L's"! 


(d) none of these 


one is correct. 8. Consider the reaction: 
. What is the order of reaction, 2H, (g) + 2NO(g) —~> Nj(g)+ 2H,0(2) 
Ay + B, —>2AB? The rate law for this reaction is: 
Mechanism: Rate = k[H, ][NO}? 
A,=—At+A (fast) Under what conditions could these steps represent the 
A+ B,——~ AB +B (slow) _ mechanism? 
A+B—+ AB (fast) Step 1: 2NO(g )=—= N,03(¢ ) 
(a)2 (b)1 ()% CORA " Step2:  N,O, +H, —3N,O+H,O 2 © >>> 
. Fora gaseous reaction, A(g ) ——> Product, ae one of the Step 3: N,0+H, —> H,0+N, 
following is correct relation among ae — ana — (a) These steps can never satisfy the rate law 
at A a a (b) Step 1 should be the slowest step 
(& = Rate of reaction in atm sec; — = Rate of reaction in’ : (c) Step 2 should be the slowest step 
dt dn dt (d) Step 3 should be the slowest step 
molarity sec!: at = Rate of reaction in mol sec™') 9, Which of the following is not for zero order reaction? 
dc_dn_ dP de__1dn__ dP ; | 
(ay == - = ()-S=-—S=- = 
dt dt -dt dt V at dt 
@S-Ta-& (d) None of these ~ 
dt RT dt at 
The rate law for a reaction between the substances 4 and B is 
given by the, rate =A[A][B]”. On doubling _ the 
concentration of A and halving the concentration of B, the 
ratio of the new rate to the earlier rate of the reaction will be 
as: : 
Osa (bym+n — ()n—m (yz | 
A substance having initial concentration ‘a’ reacts according to ‘(a-x) 
zero order kinetics. What will be the time for the reaction to go 
to completion? 
jail Ani a 2k es a io 
-{a) t (b) z (c) Ok ’ dd) 7 (c) -  d) 
The rate constant for the reaction, , ane 4 
2N,05(g ) > 4NO,(g ) + On(g ) 10. 1. £,=1Skimol'; AH =-70'kJ mol 


IL E, =30kJ mol!; AH =-15kJ mol"! 

I. E, =60kI mol; AH =+20kI mol 

If above reactions are at same frequency factor then fastest and 
slowest reactions are: 

(a) IIT is fastest, II is slowest 

(b} 1 is fastest, III is slowest 


(©) II is fastest, III is slowest 


(d) III is fastest, I is slowest 
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~ SECTION-II 


Multiple Answers Type Objective Questions 


11. 


12. 


13. 


14, 


15. 


- Rate 


. k 
Alp = 
— 


Which of the following graphs are correct? 


Time ——> 


tye 


tla? —» 


la —> 


{c) , (d) 
Here ‘a’ denotes initial concentration of reactants. 
Arrhenius equation may be given as: 


AE 
ji lece Hie ta lek ee. 
(@) In er () log 4 = log k + 303 RT 
Bi dink E 
log Boy = d = 2 
(°) og [Ee OT Rr 


Which of the following is/are correct for second order reaction? 
(a) t,,. is inversely proportional to initial concentration 


-ij/_1 1 
OS {a-x) a 
pee y 7 ) 

ee 


For a Ist order reaction: 
A —~ B, with initial concentration = a 


(D) bq = 2b.” 


0.693 
(€) fy. = 


Select the correct statement for Arrhenius equation 
k= Ae Eat AT 


(d) ty. = k X 0.693 


{a) ‘A’ may be termed as the rate constant at very: high 
temperature 
(b) ‘ A” may be termed as the rate constant at zero activation 
_ energy ‘ 
(c) E, is the activation energy of reaction 
(d) & is rate of reaction at zero concentration 


Assertion-Reason Type Questions 


This section contains 3 questions. Each guest of this 
section contains Statement-1 (Assertion) and Statement-2 


16. 


17, 


18. 
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(Reason). Each question has following 4 choices (a), (b), (c) 
and (d), out of which only one is correct. 


(a) Statement-1 is true; Statement-2 is true; Statement-2 is a 
correct explanation for statement-1. 
(b) Statement-1 is true; Statement-2 is true; Statement-2 is not 
a correct explanation for Statement-1. 
(c) Statement-1 is true; Statement-2 is false. 
(d) Statement-1 is false; Statement-2 is true. 
Statement-1: If temperature does not affect the rate of 
reaction, E, = 
Because 
Statement-2: Lesser is the activation energy, slower is the 
rate. 
Statement-1: In the reaction: 
NOHa)* CO) 9 COi(g) ENO) 
Rate = k[NO,/ 
The rate of reaction does not depend on the concentration of 
co. 
Because : 
Statement-2: Carbon monoxide is involved in fast step. 
Statement-1: The reciprocal of time in which 66% of the 
reactant is converted to product is equal to the rate constant of 
first order reaction. 
Because 
Statement-2: The rate constant for first order reaction 
depends on initial concentration of reactants. 


Matrix-Matching Type Questions 


19. 


This section contains 3 questions. Each question contains 
statement given in two columns which have to be matched. 
Statements (a, b, c and d) in Column-I have to be matched with 
statements (p, q, r-and s) in Column-II. The answers to these 
questions have to be appropriately bubbled as illustrated in the 
following examples: 

If the correct matches are (a-p,s); (b-q,r); (c-p,q); and (d-s), 
then correct bubbled 4 x 4 matrix should be as follows: 


P qf 8 


Match the Column-I with Column-II: 


Column-I Column-II 
" (a) Rate of reaction _ (p) May be fractional 
(b) Rate constant (q) Whole number 


(c) Order of reaction (r) Independent of temperature 
(d) Molecularity of reaction (s) Increase with temperature 


20. Match the Column-I with Column-II: 


Column-l Column-ll 
(Order of reaction) — (Graph) 


(a) First order . ©) = Hii: Vi 
{a-x) | Z 


(b) Second order (q) A we 
a 


toe 
(c) Third order . ©) . § a 
2 
t—. 
(d) Zero order -(s) f ne 
; al. 
. hae 
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21. Match the Column-I with Column-II: 


Column-L : Column-Il 
(a) First order : (p) Unit of k = sec! 
(b) Pseudo first order (q) Unit of k = dm®mol’s™ 
(c) Third order (t) t,).0 Wa? 
(d) Second order (S) ty). * : 
: a 


Lo 9 %*%. 3@ 
9% (co) 10. (b) Al. (b,c) 12. (a,b) 
17. (a) - 18. (c) 19. (a-s) (b-s) (c-p,r) (d-q,1) 


5. (di. @) ian (a). ot Ve (c)- 
13. (aby 14. (bc) «15. (abc) —--:16. () 
20. (a-t) (b-p)(C-q)(d-s) 21. (@p) (b-p) (c-a,1) (4-8): 


[C] and [D] ! 


9.1. INTRODUCTION 

It is a well established fact that many reactions-do not go to 
completion. They proceed to some extent leaving considerable 
amounts of unreacted reactants, i.e., 
contains both reactants and products. When such a stage is 
reached in a course of reaction that no further’ reaction is 
apparent, it is said in chemical language that the reaction has 
attained the state of equilibrium where the composition of the 


system becomes fixed. At equilibrium state both the forward arid - 
the. rate of, 


. backward reactions move with equal speeds, i.e., 
disappearance of reactants is exactly equal to rate of the 
appearance of reactants from the products. The study of chemical 

- equilibrium helps in the elucidation of the optimum conditions 


for the greater yields of the products in the case of those reactions © 


which attain equilibrium in the course of reaction. 


Chemical reactions can be classified as irreversible a 


: reversible reactions. 

Irreversible reactions: L 
proceed in such a way that reactants are completely converted 
into products, i.e.,the reactions which move in one direction, i.e., 
forward direction only are called irreversible reactions. In such 
reactions, products do not react together to produce reactants 
again, i.e., the reaction does not move in backward direction. For 
example, when solutions containing equimolar concentrations of 
barium chloride and sodium sulphate are mixed, reaction occurs 
and practically whole of barium is periees as barium 
sulphate. 

' BaCl, + Na,SO, = BaSO, + 2NaCl 

ss ne ppt. 

The reaction between BaSO, and NaCl, ie, backward 
reaction, is not possible under the experimental conditions. In 


such reactions the arrow (—>) is placed between reactants and . 


products which indicates the direction of the chemical change. 
Some more examples of irreversible reactions are given below: 


the resulting mixture 


The chemical reactions which - 


1. (a) Thermal decomposition of potassium chlorate, 
MnO 
2KCIO, > 2KCl +30, 
eat 


(b) Decomposition of ammonium nitrite, 
NH,NO, —-N, + 2H,0 
2. Precipitation reactions, = 
(a). AgNO; + NaCl —> AgCl + NaNO," 
_ +(b) — Pb(NO3)2 + 2KI cia + 2KNO3. 
3. Neutralisation reactions, 
H,SO, + 2NaOH —> Na,SO, + 2H,O 


‘Strong acid " Strong base 
4. Redox and combustion reactions, 
~ (a) SnCl, + 2FeCl, —> SnCl, + 2FeCl, 
(b) ". 2Mg +O, ——> 2MgO 
(c) CoH, OH +30, — > 2CO, +3H,O 


Reversible reactions: The chemical reactions which take 
place in both directions under similar conditions are called — 


-reversible reactions. In such reactions, the products also react 


with each other and produce reactants again. For example, when 
hydrogen is passed over heated magnetic ae metallic iron and 
water are produced. 


Fe,0, + 4H, ——>3Fe + 4H,0 


On the other hand, if steam is passed over powdered iron at the 
same temperature, magnetic oxide of iron and hydrogen are 
formed. 

3Fe + 4H,0 ——- Fe, 0, + 4H, 

If the reaction is carried out in a closed vessel, it is found that 
in no case the reaction proceeds to completion. It is, thus, clear 
that either of the two reactions can take place independently if 
steam or hydrogen is,allowed to escape from system by carrying 
out the reaction in open vessel but if a closed vessel is used and 
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nothing is allowed to escape both forward and backward 


reactions can take place in the vessel. 
Reactions which thus proceed in both the directions and 


do not reach to completion are known as reversible reactions. - 


The reaction proceeding from left to right is conventionally 
called the forward reaction and the opposite one proceeding 
from right to left is called the reverse or backward reaction. In 
such reactions the arrow (—>) or sign of equality (=) is replaced 
by two half arrows (=) pointing the reaction in both the 
directions. This sign (——=) represents the reversibility of-the 
reaction. a 


© 


3Fe + 4H,O=— Fe, 0, + 4H, 
Some examples of reversible reactions are given below: 
CaCO, ==" CaO + CO, | 
CH, COOH + C,H,OH == CH, COOC.H, + H,0 
2HI == H, +1, , 
PCL, == PCI, +1, 
N, +3H, == 2NH; 
ISOs: 0s === 280; 
N, +0, ==*2NO 
NH, HS == NH, +H;$ 
CO, +H, == CO+H,0 


9.2 STATE OF CHEMICAL EQUILIBRIUM 


The most important characteristic property of a reversible 
reaction is that it always attains a state of chemical equilibrium. 
Considet a general reversible reaction in a closed vessel. 


A+B=—C+D 


In the initial state only A and B are present both react with each 
other, ie., rate of forward reaction is maximum as only the 
concentrations of A and B are involved (at the beginning, the 
concentrations of products C and D are nil). As soon as the 
products C and D are produced, the backward reaction starts 
functioning. By the expiry of time, the rate of forward reaction 
decreases as the concentrations of A and B decrease while the rate 
of backward reaction increases as the concentrations of products 
C and D increase. Ultimately, a stage comes when the rate of 


forward reaction becomes equal to rate of backward reaction. ° 


This state is called the equilibrium state. 


‘Equilibrium state 


1 Time at which system ; 
has reached equiorun) 


At equilibrium state, 
Rate of forward reaction = Rate of backward reaction. 


It can be shown graphically as in Fig. 9.1. 

Thus, chemical equilibrium in a reversible reaction is the 
state at which both forward and backward reactions or two 
opposing reactions occur at the same speed. 

This state will continue indefinitely if the conditions such.as 
temperature and concentration are not changed. At the state of 
equilibrium, the concentrations of reactafits and products in the 
reaction mixture attain a constant value and the concentrations do 
not change with time. 

When hydrogen gas and iodine vapours are heated in a closed 
vessel at a constant temperature 717 K, the two react to form 
hydrogen iodide. In the initial stage, the colour of the reaction 
mixture is deep violet due to the presence of large. amounts of 
iodine. But as the reaction progresses, the intensity of the colour 
decreases as more and more iodine is converted into hydroge:. 
iodide. After sometime, the intensity of the colour of the reaction— 
mixture becomes constant. The constancy of intensity of.colour 
indicates that concentration of both reactants and products have 
become constant and state of equilibrium has been attained. 

.The stage of the reversible reaction at which the 
concentrations of the reactants and products do not change 
with time is called the equilibrium state. 

12 & Or 

The state in which the measurable properties of the system — 
(such as pressure, density, colour or concentration) do not 
undergo any further noticeable change with time under given 
set of conditions is said to be a state of equilibrium. , 

The equilibrium state is dynamic and not static in nature. The. 
reaction does not stop but both the opposing reactions are going 
on continuously with same speeds. At this stage, the number of 
moles of substances produced per second in the forward reaction . 


‘is equal to the number of moles of substances which disappear 


per second in the backward reaction. 


Characteristics of Equilibrium State 
(i) Equilibrium state can only. be achieved if a “reversible 


réaction is carried out.in closed space. 


No product can leave nor any reactant from outside can enter 
the space. If the system is not closed, some of the products may 
escape and thus, the backward reaction will not occur. 

(ii) Chemical equilibrium, at a given temperature, is 
characterised by constancy of certain properties such as pressure, 
concentration, density or colour. 

Gii) Chemical equilibrium can be attained from either side, 
i.e. , from the side of reactants or products. 


| 2HI =H, +1, ° 
At equilibrium, each reactant and each product has a fixed 


concentration and this is independent of the fact whether we start 
the reaction with the reactants or with the products. 
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This. reaction can be graphically represented as, 


. — + Concentration —~» 


_ (iv) Equilibrium state can be attained in a lesser time by 
the use of a positive catalyst, i.e., the relative concentrations 
of reactants and products remain the same irrespective of 
the presence or absence of a catalyst. Thus, a catalyst does 
, not change the equilibrium state but it helps i in attaining it rapidly. 
‘(v) It is dynamic in nature, i.e., both the reactions move with 
same speed. However, the reaction seems to have come to. stand 
still because the concentrations of reactants and products do not 
‘change. . 
- Reversible chemical reactions are classified into two types 
heterogeneous and homogeneous reactions. 
Heterogeneous reactions: The reversible reaction in which 
more than | one-phase i is present. 


CaCO, (s) == == Ca0(s) + CO,(g) 
: 2Na,0,(5) + 2H, O(/) == 4NaOH(/) + O2(g) 
_: 3Fe(s) + 4H, O() === Fe ,0,(s) + 4H, (g) 

Hoinegenesns reactions: The reversible reaction in which 
only one-phase is présent, i. ¢., all the reactants and products are 
in the same physical state. 

H,(g) +1,(g) == 2HI(g) 

CH,COOH(/) + C,H; OH(/) === CH;COOC,H, (7) + H,0(1) 

Homogeneous reversible reactions are further classified into 
three types: 


‘First type: When there is no change in number of 
molecules. Examples are: 

(i) ' "Hy +1, =——2HI 

(i) 2NO==N, +0, 


(iii) CH,;COOH + C;H,OH 
Second. type: 
molecules. 


<= CH, COOC,H, +H,0 
_ When there is an increase in number of 


PCI, —= PCI, + Cl, 
- 2NH; ===N, +3H, 


Third type: When there is a decrease in number of 


molecules. - 
N, +3H, === 2NH, 
280, + O, == 280, 
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9.3 THE LAW OF CHEMICAL EQUILIBRIUM 
(Application of Law of Mass Action) 


Consider a reversible homogeneous reaction which has ata 
equilibrium state at a particular temperature. 
A+B=>=C+D 
Let the active masses of A,B,C and D be [A],[8],[C ] and [D] 
respectively at equilibrium. 
According to law of mass action, 


' Rate of forward reaction o[A][B] 


or Rate of forward reaction = ky [A][B] 


(where, k, is the velocity constant for forward reaction). 
Similarly, . 


Rate of backward reaction < [CID] 
or Rate of backward reaction = k,[C][D].° 


(where, k, is the velocity constant for backward rerio): 


At equilibrium, net 


Rate of forward reaction = Rate of backward reaction, 


ie, ky [ANBI= ky[CIUD] 
ns ky {CUD I 
k, [A][B] 


Since, k, and &, are both constants, the ratio k,/k, is alsoa new 
constant say K,, i.e, \ 
{CUP 


(i) 
* [A}[B] 4 
K,, is known as equilibrium constant. K, has a definite-value 
for every chemical reaction at a given temperature regardless of 
the concentration of the reactants. 
Considering a more general homogeneous reversible reaction 
at a particular temperature which is under chemical equilibrium, 
mA, + mA, + myA3 +... 1, B, +n B, +13B3 + 
Rate of forward reaction =k’, [A,]”"[42]""[43]”8 ... 
Rate of backward reaction = k,[B,]"'[B,]?[B3]® ..: 
At equilibrium, 
ky [Ay [Ag]? [43] ...= ky [By J" [B 
k BY" (B, 7" [B37 :.. ; 
or iiae [ ma [ 2] [ is = K, ... (ii) 
ky [4,] '[A, |" [A] acre : 
The equilibrium constant, at a given temperature, is the 
ratio of the rate constants of forward and backward 
reactions. 


2]? [Bs] ... 


; Or 
The equilibrium constant may be defined as the ratio 
between the product of the molar concentrations of the 
products to that of the product of the molar concentrations of 
the reactants with each concentration term raised to a power 


_ equal to stoichiometric coefficient in the balanced chemical 


equation. 
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The value of equilibrium constant is independent of the 
following factors: 


1: Initial concentrations of the reactants involved. 
2. The presence of a catalyst. 
3. The direction from which the equilibrium has been 


attained. 


4. The presence of inert materials. 


The value of equilibrium constant depends on the following 
factors: 


1. The mode of representation of the reaction: 
Conventionally, the concentrations of the products are put in the 
numerator and the concentrations of the reactants in denominator 
in the equilibrium law equation. Consider the reversible reaction, 

- A+B=—C+D 

The equilibrium constant for the reaction, 
_{CID] 

[A][#] - 

Now, if the products | are made meaCtans, ie., the reaction is 
reversed, 


(i) 


ce 


C+D — A+B 
The equilibrium constant for the reaction is 
,_ TAIZ] 
* [CD] 


The equilibrium constarit, K/, is actually the reciprocal of 
Khe, 


- (i) 


2. Stoichiometric representation of the chemical 
equation: . (a) When a reversible reaction can be written with 
the help of two or more stoichiometric equations, the value of 
equilibrium constant will be numerically different in these cases. 
For example, the dissociation of NO, can be represented as: 


2NO, ==N, + 20, (i) 
or NO, =) N, +0, | ... (ii) 
For efumien (i), the value of K, = _ 21027 . Gib) : 
[NO,}? 
- 1/2 
For equation (ii), the value of K,’ = EN2] 102] . (iv) 
2 AG, [NO,] 


Thus, the two constants are related to each other as: 
Kl2JK,- °F. ew &¥) 
In general, when a balanced equation having equilibrium 
constant K,, is multiplied by a certain value n, the equilibrium 
constant for the new equation will be equal to (K, y". 


A+B=—= C+D, = [CID] 
[4118] 
nA + nB == nC + nD, Kk: _ (cy[py" =(K. y 
| nay iT eae 


‘(b) Consider the following chemical equation, 
N2(g) + O,(g)+ Cl, (g)== 2NOCI(g) 


~ —PNocI} 
Faecal (i) 
IN» ][03 J[Cl2] 
Suppose the above equation is split into two as: 
Na(e)+0,(¢)—=22NO@); Ky =O Gi 
& & g&); =——__—__.... (1). 
‘ : ' [Nz 102] | 
on  _, NOGP. 
2NO(g) + Cl, (g) == 2NOCK(g);  K, =~, ... (iti) 
| [NOP [Cl] 
Combining above two equations, , on: 
2 2 2 
K,xK,= [NO} : [NOCI] a [NOC] G 


[N,1[0,] [NOPIC,] IN:]0,1C,) * 


Thus, when an equation (having equilibrium constant, K ,} 
written in two steps (having equilibrium constant K, and A = 
then K, =K, x K3: 


3. Use of partial pressures instead of concentrations: 
When the reactants and products are in gaseous state, the partial 
pressures can be used instead. of concentrations at a definite 
temperature, as the partial pressure of a substance i is al 
to its concentration in the gas phase. 


Consider a general reversible homogeneous gaseous réaction 

m, A; + mA, +mAy,+ 

Let the sacs wesnuree: of various reactants and odie be 

PA, PAy, pAy, ..., and pB,, pB,, pB;,... respectively at 
equilibrium. The equilibrium constant for the reaction, 


x. = £ BLY" (pB2)" ( pB3) 
A pA, y""( pA, ( PA, . 
ae value of K, for the above reaction can be given as: 
, [B, 1" [By 1?[B3 J" .. 
[A,]™[4,]” A. is 


7 == 7,8, +n,B, +7,B,+ 


(i) 


K.= (ii) 


For an ideal gas, , pV =nRT 
or. =—RT- 
, 2 ag P a 
= Active mass x RT 


(where, n= number of moles and V = volume in litres. “Thus, 


= molar concentration or active mass). 


Substituting the values of partial pressures in eq. (i), 
[By J" (RT )" -[By]" (RT )” -[B3 J (RT J” ... 


K,=: 
LAL] (RT J" «Ln J (RT Y™ [43] (RT) ... 
i {[Ay i“ [A, ” [43] - (RT y™ + my + m3 +... 
in 
ok, =K, le me 


Ri” 
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SK Rr 
a K. ( RT a 
An = total number of molecules of gaseous products 
— total number of molecules of gaseous reactants. 


Three cases may arise: 
First case: When, An =0, 


. Git) 


K, =K, (RT) =K, 


Second case: When, An = +ve or An> 0, 


Kye kK, 
Third case: When, An =—ve or An < 0, 
K,<K, 
4. Temperature: According to Arrhenius equation, 
k= Ae ERT (i) 


_ where, k =-rate-constant, -£ = activation energy, R = gas 
constant, 7 = absolute temperature and e = exponential constant. 


pee eee he a AGi) 
k-2303R{T) 7, 


when, 7, > 7, 
for forwe-d reaction, 


k E 
log A). 2 : 4] ... (iii) 
“lk, | = 2303R[T, 7, 
for backward reaction, 
_ {k 
log ih ca eee w. (iV) 
ky, } 2.303R|T 7; 


Subtracting eq. (iv) from eq. (iii), we get 


igs ratte |S =| 1 7 


ky, /ky, 9503R 17. Te 
: | 
or log Aa |= - A soe . (V) 
. K,} 2303R|T, T, 


where, AH is the heat of reaction at constant volume and 

‘K, and K, are the equilibrium constants of a reaction at 

temperatures 7, and 7, (7; > 7). 

The effect of temperature can be studied in the following three 

cases: : 
‘First case: AH = 0,i.e., neither heat is evolved, nor absorbed. 


t. 


So, ! log K, -log K, =0 
or ; log K, = log K, 
- or Kok, 


Thus, equilibrium constant remains the same at all 

fdemperatures. — : : 

Second case: When, AH =+ve,i.e., heat is absorbed, the 

reaction is endothermic. The temperdnare T, is higher than 7,. 
Thus, (s aoe | is negative. 

So, log K, -log K, =+ ve 


or log K, > log K, 
or K,>K, 

The value of equilibrium constant is higher at higher 
temperature in the case of endothermic reactions. 

Third case: When AH =-—ve,i.e., heat is evolved, the 
reaction is exothermic. The temperature 7, is higher than 7. 


Thus, ae a is negative. 


mh %, 
So, log K, —log K, =~ ve 
or log K, > log K, 
or K,>K, 


The value of equilibrium constant is lower at higher 
temperature in the case of exothermic reactions. 


logy gK 


jT’-- 
(a) Endothermic reaction 
(Plots of log K versus T) 


T-—_ 


(b) Exothermic reaction 


Fig. 9.3 


Units of Equilibrium Constant \ 


The units of equilibrium constant vary in case of different 
reactions. ‘K’ has no units for a reaction in which total number of 
moles of reactants and products are the same. For example, for 
dissociation of nitric oxide, K , has no units. 


2NO==N, +0, 
_ [Np ][0,] 
[NO]? 


K 


e 


K , will have units for a reaction in which the total number of 
moles of reactants and products are different. For example, for 
decomposition of PCl,, the K, has mol/litre units. 


PCI, == PCl, + Cl, 
_ [PCI3][Cly] 
[PCIs] 
In the formation of ammonia, - 
N, +3H, == 2NH, 
[NH] 
[NIH }° 


c 


K., has litre? mol ~ units. 
In general; unit of K, =[M ]*" 
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where, M = mol litre! 


reactants. 


Note: (i) The above relation can be used in homogeneous liquid system 
also 


An = number of moles of product or products 
— number of moles of reactant or reactants 
(ii) Similarly, the unit of K, = [atm] 
where, An = number of gaseous moles of product or products 
= number of gaseous moles of reactant or reactants. 


‘9.4 REACTION QUOTIENT OR MASS 
ACTION RATIO 


Let us consider a reaction: 
 A+B==C+D 
_(C 1D] 
[A][B] 


Q is denoted as Q, or Q, depending upon whether the 
concentration is taken in terms of moles per litre or partial 


pressures respectively. With the help of mass action ratio we ealy, , 


determine whether the reaction is at equilibrium or not. 

(I) When, QO, =K, orQ, = K, then the reversible reaction is 
‘at equilibrium, i.e., the rate of forward and backward reaction 
becomes equal. 

(I) When, Q, <K, or Q, <K,, then the reaction is not at 
equilibrium. The reaction will be fast in forward direction, i.e., 
reaction has a tendency to form product/products. 

Rate of forward reaction > Rate of backward reaction. 

(III) When, Q, >K, orQ, >K, then again the reaction is 
not at equilibrium. The reaction will be fast in backward 
direction, i.¢., have a tendency to form reactant/reactants. 

Rate of forward reaction < Rate of backward reaction. 


Q=0 K Q= 
(Reactant only) (Product only) 


Reaction ee ee ae) Towards Ge ae goes towards 
ee ee ae) forming more products left, iciomig or reason more reactants 


: 123888 Some Souven Exampes} $333: 
Example 1. For the reactions, 
No 43H, = 2NA, 
and — YN, + ¥,H,=— NH; 
write down the expression for equilibrium constant K , and K . 
How is K , related to K{? 


Solution: For squition N, +3H,=—= 2NH;, 
[NH]? 


Ke : .. Gi) 


[N. ][H,}° 


and An = number of gaseous moles of . 
product or products ~ number of gaseous moles of reactant or 


and for equation, 4N, + 34 H,.=== NH;, 
[NH, ] 


Ky = IN] fH 2” =) 
2 
Squaring equation (ii), 
2 
(Key = NBT ... (iii) 
[No J[Ha 1° | 
Equations (i) and (iii) are same 
- Thus, K,=(K/y 


or , . Jk, &k: 
Example 2. The equilibrium constant for the reaction, 


ONS 220; INO; 


-at a particular temperature is 100. Write down the equilibrium 


law equations for the following reactions and determine the _ 
values of equilibrium constants: 


2NO, —— Ny + 20, | w (i) 
NO, == ¥N, +0, vw (ii) 
The equilibrium constant for the reaction, 
N, +20, ——2NO, 
NO, ]? 
K, =e! - 100 w. (a) 
[N2 }[02 ] 
The equilibrium constant equation for reaction (i), 
_ {Nz }[0,)? 
[NO,}’ 
This equation is reciprocal of eq. (a) 


So, Ree ae 


Solution: 


re aD) 


The equilibrium constant equation for reaction (i1), 


(IN, ]'/?[0,] 
K, =——_——_—_= we (c} 
o> ANOS Te 


Comparing eqs. (b) and ee 
Ke =k, SV107 S10! 20.31 
. Example 3. The value of K , for the reaction, 
N»(g)+ 3H, (g)=—= 2NH3(8) 
is 0.50 at 400°C. Find the value of K,, at 400°C when concentra- 


tions are expressed in mol litre ad pressure in atmosphere. 


Solution: Applying the hipsinkigin 
K, =K (RT ye 
K,=0.50, R= 0.082 litre- -atm deg™! mol ~ 


T(400+273)= 673K, An=(2~4)=~2 
K, =0.5(0,082x 673)? 


= 0.5(55.185)2 = 1.64 x 10 
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: Example 4, Determine K , for the reaction, — 
| 1 1 ee 
52 (g)+ 5 02(e)+* 5 Bra (g) == NOBrg) 


from the Jollowing data at 298K; 
_: The equilibrium constants for the following reactions, 


2NO(g) = N2(g) + O,(g) 


and NO(g)+ = Br (2) <= NOBr(g) 


are 2.4™x 10°° and 1.4 respectively. 
_ ‘The net reaction is, 
SNe) + 7° (2) 5 Br(¢) = NOBrg) 
_ [NOBr] . 
‘IN } (0, }? [Br, yi? 
2 tS Considering the given equations: 
> 2NO(g) == N,(g) + O,(g); equilibrium constant = 2.4 x 10°° 


(net) 


N,(g) + O, (g) == 2NO(g); equilibrium constant = ————_ 
a 2.4 x 10° 


canes ere . 
- N,(g) + 5 O,(g) == NO(g); 
2 5 1 1/2 
Equilibrium constant = | ————— 
ae 2.4 x 10° 
. = 0.6455 x 10°! 
mre Ki = 0.6455 x 10" @ 
: NOt) +— 5 Brite) == NOBr(g) 
“won Kvala. my 
[NO][Br, ]'/? ; 
Multiplying both equations — 
ae NOB) __=K ix K2= 0.645510 x14 
[N2]*[02] [NO][Br, ] Bo! 
i ANOBE =0.9037«1075 


(net) 


= 9.037x107!¢ 
, for the 


Example 5. The equilibrium’ constant, A, 
‘reaction 
N,(g)+ 3H, (g’) == 2H, (g)is 1.6x 10-4 atm 2 at 400°C. 


What will be the equilibrium constant at 500°C if heat of 
‘ reaction in this temperature range is ~ 25.14 kcal? 
> a 
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Using the relation, 


Solution: 
oy ee AH Ea 
Kn 2:303R| TT. 
ae 


9 LOKI; AH = - 25. 14kcal; 2 
R=2x107 kcal deg™ mol 
T, = 400+ 273= 673K, T, =500+273= 773K 
= Ky, = 25.14 Ee 
(1:6x 1074) 2.303x 2x 10 | 773x 673 
| 25.14 x 103 x 100 
2.303 x 2x 773 x 673 
= — 3.7960 — 1.049 = - 4.8450 
K,, =1.429x 10° atm™ 


log K,, = log (1.6 x 10) - 


Example 6.° The equilibrium constant for the reaction, — 
Hy(g)+ S(s) == H,S(g) 


is 18.5 at 925 K and 9.25 at 1000 K respectively. Calcite the. 
enthalpy of the reaction. 


Solution: Using. the relation, . 
icg Ky _ AR: 1 Dp 
K, | 2.303R| 17, 
9.25 AH 75. 
log ——— = x 
18.5 2.303x 8.314 925x 1000 
Ee a ot 
2.303 x 8.314 x 925 x 1000 
or AH =~ 71080.57J mol! 


ILLUSTRATIONS OF OBJECTIVE QUESTIONS. === 
‘1. For the hypothetical reactions, the equilibrium constant (K ) 
values are given: 
A= B; K, =2;B == C; K,=4,C——D;K,=3 
The equilibrium constant (K ) for the reaction 4 —— Dis: 
; , . [PMT (Kerala) 2005} 
(ay48 - 0 


(b) 6 (c) 2.7 (d).12 — 
(e) 24 
[Ans. (e)] 
(Hint: The reaction A —— Di is obtained m adding the three 


given reactions. _ 
_K= Pier ee oT ee 24] 
2. “If, in the reaction N,O,(g) == 2NO,(g), x is that part of 
_N,O, which dissociates, then the number of molecules at 


t=0 ang. 
eq. l—x 2x 


equilibrium wiil be: (KCET 2065) 
(a) 1 (b)3 oo, 
(c) (+x) - (d) (itxy - 
[Ans. (c)] , 
(Hint: N,0, === 2NO, 

0 


Total number of molecules at equilibrium = 1-—x + 2x=(1+ x)] 


v 


3. 


4, 
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A schematic plot of In K,, vs 


inverse of temperature for a 
reaction is shown in the figure. 
The reaction must be: 

(AIEEE 2005) 


log Keg. ———> | 


(a) exothermic 

(b) endothermic ve 
(c) one with negligible enthalpy change 

(d) highly spontaneous at ordinary temperature 

[Ans.  (a)] 


(Hint; K, = 4e 677%? 


_ AH? | 
2.303 RT 
Y=C+ MX 
Slope of the line will be positive, when, AH ° = -ve, ie, the 
reaction is exothermic.] , 
Given: 


log K,, = log A - 


N,(g) + 3H)(g) == 2NH,(g); Ky 
No(g) + On(g) == 2NO(g); Ky 


1 
H,(g) + 3 O,(g) == H,O(g); K, 


_ The equilibrium constant for 


5 
2NH,(g) + F O2(g) === 2NO(g) + 3H, O(g) 


will be: ICBSE (Med.) 2007| 
KiK~ KK? 
(a) K, Kok " p) A182 K aa o- (Qj 
~ 2 i 
[Ans. (d)] 
2 3 THO 
(ings: seal ge = NON [HO] 


[N2 ][H,}°” [N.]0,}° ~ [H,][0,]'” 


The equilibrium es for 


2NH,(g) + 5 > Ong) = == 2NO(g) + 3H, 0(g) 


will be: ; 
[NOP {H,OP _ K,x K; 

[NH,?[0,))? Ky 

What is.the equation for the equilibrium constant (K \fi for the 


followmg reaction? (EAMCET 2606} 
TK 


1. 1 ee 
noe)? Bal 3 (8) 


[apap [ey 
OR ope OB Tatae 
a a 3 icy 3 ; 
OKs Taymiags OMe arta 
{Ans. (c)] 
[Hint: Coefficient goes to the power of respective active mass. 


fc ] 23 
[Ay rays ] 
For the following three reactions (1), (ii) and (iii), equilibrium 
constants are given: 


(i) CO(g) + H,O(g) == ee Hag) Ky 


€ 


(ii) CH(g) + H,O(g) == COG) + 3HA®); Kp 
(iii) CH, (g) + 2H,O(g) == CO, (g) + 4H,(g); Ky 
Which of the following relations is correct? =. (AIEEE 2008) 


(@)K3K3=K> (0) Ky JK, =K; 

()K.Ky=K, OK 3= KK. 

[Ans. (d)] 

[Hint : Reaction (ii) is s obtained by adding (i) and @ hence 

K,=K,xXK)] 

9.5 ACTIVATION ENERGIES FOR 

FORWARD AND BACRNARD: 
REACTIONS 


In a reversible reaction, the molecyles of the reactants in the _ 
forward reaction and the molecules of the products in the 


backward reaction follow the same path and. form the samé 


activated complex. However, the activation energies of both 
forward and backward reactions are different. Fig. 9.4 (a) and (b) 
show the activation energies, E, (f) and £, (b) respectively, for 
the forward and backward reactions for exothermic and 
endothermic reactions. Mathematically, E,(f) and E,(b) are 
related to overall energy re AE, in the process as: 


AE=E,(f)-£,(b)= (At constant volume) 
Threshold-energy | Threshold.energy - 
} a 
Se Ea 
Ss BO 
2 r 8 ip i cts 
5 5 rodu 
E, 
Products 3 Reactants 
Progress of enol — « Progress of reaction —+ 
Fig. 9.4 (a). Activation Fig. 9.4(b) Activation 
‘energies for the forward and energies for the forward 
backward reactions where and backward reactions © 
forward reaction is where forward reaction 
exothermic §= = is endothermic 
For exothermic reaction, 
E,(f)<E, (0) 


Thus, AEF is negative. 
Gn the other hand, for the andotlicnnic reaction, 
E,(f)>£, (6). 
Thus, AF is positive 
Heat oF reaction AH = Activation energy of forward reaction 
—Activation energy of backward reaction. , 
Example 7. For the dissociation of gaseous HI, the energy* 
of activation is 44.3 keal. Calculate the energy of activation for 
the reverse reaction. Given, AH for the formation a 1 mole of HI 
from H, and I, is — 1.35 keal. 


Solution: 
2Hi(g) == Hy(g) +1(g);  £, =44.3kcal 


~ 


600 | 


5 Hale) + “1(8) == Hg); AH = — 1.35kcal 


2HI(g) == H, (g) +19(g); AH = 2x 1.35 = 2.70kcal 


AH =E,(f)-E,(b). 
2.70 = 44.3-E,(b) 
E,, (b) = (44.3 — 2.70). 
or «= 41.60 kcal 

_ Example 8. For a reaction X —Y, heat of reaction is 
+ 83.68 AJ, energy of reactant X is 167.36 kJ and energy of 
activation is.209.20K/, Calculate (@) threshold energy (ii) energy 
of product Y and (Hi) energy of activation for the reverse reaction 


(¥ 3X). 
Solution: (i) Civen: EB, (f) = 209.20kJ 
. AE = + 83.68kJ 
Energy of reactant, X = 167.36k) 


~ Threshold energy = Energy of reactant X¥ + Activation energy 
for forward reaction 
= 167.364 20920= 37656k) 
ci Energy of reaction, AE = Energy of product — Energy of 
: reactant 
Energy of product = 83.68 + 167.36= 251.04 kJ 
(iii) Activation energy for backward reaction 
- = Threshold energy ~ Energy of product 
= 376.56 — 251.04 = 125.52 kJ 


9.6 STANDARD FREE ENERGY CHANGE 
OF A REACTION AND ITS 
EQUILIBRIUM CONSTANT 


Let AG° be the difference in free energy of the reaction 
_ when all the reactants and products are in the standard state 
'-(1 atmospheric pressure and 298 K) and K, or K, be the 
thermodynamic equilibrium constant of the reaction. Both are 
related to each other at temperature T by the following relation: 
AG° =—2.303 RT log K, 
and AG° = —2.303 RT log K,. (incase of ideal gases) 
This equation represents one of the “most important results of 
‘thermodynamics. and relates to the equilibrium constant of a 
reaction to a thermochemical property. It is sometimes easier to 
calculate the free energy in a reaction rather than to measure the 
equilibrium constant. 
Standard free energy change can be thermodynamically 
calculated as: 
AG° = AH° - TAS ° 
Here, AH ° = standard enthalpy change, 
AS ° = standard entropy change. 
-RT log, K p = AH°-TAS? © 


AS° AH° 
logip K, 


~ 2.303R 2.303RT 
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= e AS? 
Intercept = 33038 


—AH® 
2.303R 


Slope = 


Fig. 9.5 


(i) When, AG° = 0, then K, =1. 

(ii) When, AG° > 0,7é.,+ve, then K . <1. In this case reverse 
reaction is feasible, ie, less concentration of products at 
equilibrium state. ' 

(iti) When, AG° <0; ie 
forward reaction is feasible showing thereby a 
concentrations of products till the equilibrium is reached. 


Example 9. For the reaction, 
2NOCI(g ) == 2NO(g) + Cl, (zg), _ 


calculate the standard equilibrium constant at 298 K. Given that 
the values of AH° and AS ° of the reaction at 298 K are 77.2 kJ 


large 


mol ~' and 122 JK mol”. 
Solution: Using the relation, 
AG° = AH® - TAS ° 
= 77200 — 298 x 122 
= 40844 J mol! 


" _ Let the equilibrium constant be K°. We know that, 


AG° =~ 2.303RT log K° 
AG? 2 
2,303 x 8.314x 298 
=~ 7.158 
K° =6.95x 10° 


40844 


or log Kf =- Pe ol 2 Se 
2.303 x 8.314 x 298 


Example 10. AG° for $Na(e) +5 Ha(¢) = NH (2) 


is -16.5.kJ mol ~'. Find out K, for the reaction at 25°C. Also 


report K, and AG® for ie mag at 
25°C. 


Solution: 
= 3 
log K, =~. AG ___165x10") 5 g917 
2.303RT 2.303 x 8.314 x 298 
K, = = 779.41 


K, for reaction N2(g) + 3H,(g) == 2NH;(g) is equal to 
(779: 41 1" = 6.07 10° 


AG® =~ 2,303 x 8.314 x 298 log 6.07 x 105 joule 
= — 32.998 kJ mol! 


., ~ve, then K, >1. In this case 
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9.7 EQUILIBRIUM CONSTANT 
EXPRESSIONS FOR SOME 
REACTIONS 


Case I: Homogeneous gaseous equilibria when, An = 0. 
Synthesis of hydrogew iodide: The formation of hydrogen 
iodide from hydrogen and iodine is represented by the equation: 


H,(g) +1,(g) == 2HI(g) 

Let a start be made with ‘a’ moles of hydrogen and ‘b’ moles of 
I,. These are heated in a sealed bulb having a volume F litre by 
keeping the bulb-in a thermostat till equilibrium is established. If 
at equilibrium, x moles of each of H, and I, have reacted, 2x 
moles of HI will be formed. , 

- Thus, the active masses of various reactants and products 
present at equilibrium are: 


[H, j=) - ) mo ae 


oe mol L™! 


—fh)= 


HI fe ies 
[HI ]= = 


Applying law of mass action, 


al 
es 2 RE ok 
7 “TH I, ] (a-x)\(b-x ~ (a- x)(b-x) 
V a 
When, a = b = 1, x becomes degree of formation of HI and — 
; = 4x” 
Pa : em 5 
wt (1-x) 


The equilibrium constant, K ps can also be calculated 
considering partial pressures of reactants and products at 
equilibrium. 


| Hy (g) + Ip (g) ==> 2HU(g) 
Initial no. of moles a b 0 
No. of moles at equilibrium . “(a-x) (b-x) 2x 


Total number of moles at equilibrium 


=(a~x)+(b-x)+2x=(at+b) 


Let the total pressure of the system at equilibrium be P ~ 


atmosphere. 
Partial fH, a0= » 
artial pressure of H,, 
: a i ae OS 
Partial fl = 
ial pressure of],, = . 
. BS Ach) 
; 2x 
Partial pressure of HI, = py = -P 
(a+b) 
pls 
(Pu y a, a+b oe 4x? 
(Pu, Pi.) fa-x Px {b—x P (a—x)(b - x) 
a+b oa) 


Thus, = = K, : 
This also follows from the relationship, K, =K,(RT )*". 
An=0, So Ky =K, 


i.e, for all gaseous reactions of “frst type, K, and K, are. 
identical. Both K,, and K, have no units. 


__ 4x" 
(a-x)(b-x) 
does not include the volume term; hence K,, is independent of 
pressure. Thus, change of Pressure: will not alter the final state 
of equilibrium. 


.(b) Effect of adding substances (Reactants or products): 
On adding H, to the equilibrium mixture, the value of 
denominator of equation K, =4x7/[(a—x)(b-x)] will 
increase. To maintain the constant value of K, the value of 
numerator must also increase. This can happen if more of HL is _ 
formed, i.e., hydrogen combines with iodine to form more of HI. 
Thus, the reaction moves in a direction in which the added 
hydrogen is used up. A similar effect is observed when iodine is 
added to the equilibrium mixture. 

The reverse effect is observed when HI is added to the 


(a) Effect of pressure: The equation, K c= 


_ equilibrium mixture, i, e., HI decomposes into H, and I. 


(c) Effect of temperature: The formation of HI from 
H, andI, is an exothermic reaction, ie, by increasing 
temperature, the value of equilibriam constant, K,, decreases. 
Thus, the yield of HI decreases, i.e., high temperature is not © 


favourable for greater yield of HI. 


"(d) Effect of adding an inert gas: Addition of an inert gas 
to equilibrium mixture wif make no effect on equilibrium state as 
in the first type of reactions, volume and pressure changes have 
no effect on equilibrium state. 

Case I: Homogeneous gaseous reaction when, An > 0. 
Dissociation of PCI ,: 
according to the equation: 


PCI, (g) == PCI;(z) + Cl(g) | 


Let a moles of PCI, be taken in a closed vessel of volume V 
litre. It is heated and by the time equilibrium is established, x 
moles are dissociated into PCl, and Cl,. One molecule of PCI. 
on dissociation gives one molecule of PC, and one molecule of 
Cl,. Thus, x moles of PC1,; will give x moles of PCl, and x moles 
of Cl,. 


At equilibrium, 


The dissociation of PCl, takes place 


pas]=-— ppeigj=2 tc1)=4 
Applying law of mass action, 
x ox 
(PCLUCh] 77 x? 
ee BChe] (a~x)  (a-x)V 
. Pi V . "7 
When, a = 1, x becomes degree of dissociation and 
2 
ee (units = mol L~’) 


(-x)¥ 
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Calculation of K,: Let the total pressure at equilibrium be 
P. Total number of moles at equilibrium 


=(a-x)+x+x=(atx) 


a-x{ x x 
=| ——— -P; _=— PB; Se Pp 
Preis (23) _-PPCls aaa Pot, (abe) 
am . “. x . 
K.« Pec; * Pa, _ (a+x) (atx) _ x?P ; 
P Peels: (ae -P (a-x)at+x)’ 
: (atx 


= (units = atm) 
(a) Effect of pressure: In this case, K , = x? / (a-x)V. If 
pressure is increased, the value of ‘V’ decreases, i.e. , the value of 
denominator decreases. To maintain constant value of K , , x must 
also decrease. In other words, the dissociation of PCI, decreases. 
Thus, the increase. of pressure would suppress the dissociation of 
“PCI. 

(b) Effect of concentration: If PCl, is added to the 
equilibrium mixture, the rate of forward reaction increases, i.e., 
dissociation of PCl, increases. In case PCI, or Cl, is added, the 
rate of backward reaction increases. This shall decrease the 
dissociation of PCI.. 

(c) Effect of temperature: The dissociation of PC], is an 

_ endothermic reaction. Thus, the value of equilibrium constant 
increases with increase of temperature. It is thus concluded that 
dissociation increases with the increase of temperature. 

(d) Effect of adding an inert gas: When an ‘inert gas is 
added at constant volume the equilibrium state is not disturbed. 
In case an inert gas is added at constant pressure, the volume 
increases, To maintain the constant value of K,,x must also 

‘increase. Thus, the addition of an inert gas at constant pressure 
increases the degree of dissociation of PCI,. 

Case II: Homogeneous gaseous reaction when, An < 0, 

Synthesis of ammonia: The formation of ammonia from 
nitrogen and hydrogen is represented by the equation: 

N>(g) + 3H2(g) = 2NH;3(g) 

Let a start be made by mixing ‘a’ moles of N, and‘ 4’ moles of 

hydrogen in a closed vessel of Y litre capacity. By the time 


equilibrium is established ‘x’ moles of nitrogen have combined 
with 3x moles of hydrogen and produced 2x moles of ammonia. 


At equilibrium, {N2 ]= — 2) 
(6 — 3x) 
[H,]= aia 
2x 
(NH; ]= e 
Applying law of mass action, 
[NH ]” 
° IN IH? 
dx)? 
_ G _ 4x7? 
‘(a-x\(b-3x\  (a-x)(b- 3x)’ 
WG) 


“G.R'B. PHYSICAL CHEMISTRY FOR COMPETITIONS 


Ifa= land 5=3, then, 
z 4x? 2 ; 
27-x)* 


(units = mol”? L’) 


The effect of various factors at equilibrium is discusséd here. 

(a) Effect of pressure: By increasing pressure, the volume 
term decreases. The value of x must increase to maintain the 
constant value of X ,. In other words, the formation of ammonia 
increases with increase of pressure. . 

(b) Effect of concentration: By increasing the 
concentration of either nitrogen or hydrogen in the reaction 

mixture, the rate of forward reaction increases, i. ¢, , the formation 

of ammonia increases. 


(c) Effect of temperature: The synthesis of ammonia is an 


exothermic reaction. The value of equilibrium constant decreases -~ 


with increase of temperature. Thus, high. temperature is not_ 


favourable for the synthesis of ammonia. 


Calculation of K , : Let the total pressure at equilibrium be P. 
Total number of wiles at equilibrium 
=(a-x)+(b- 3x)+2x=(a+b-2x) 


2x (a~-x) 
oe SS 
PS eh =e) NE ab = 2x)” 
(b- 3x) 
=—~____+_ x P 
PMOE (gah Oe) 
| 2x 
, erates 
[Pun] Fores 


(a-x) (6 — 3x) 
(at b—-2x) (a+ b-2x) 
_ 4x? (a+ b- 2x) 

(a-x)(b-3x)> P? 


Homogeneous liquid system: Formation of 


[pw, lPa,} | 


Case IV: 
ethyl acetate: 

The reaction between alcohol and acid to forma ester is an 
example of homogeneous equilibrium in liquid system. 


CH, COOH(!) + C,H,OH(!) == CH, COOC,H,(/) + H,0() 


Let a start be made by mixing ‘a’ moles of an acid and ‘b’ moles 
of an alcohol. By the time equilibrium is established, x moles of | 
ester and ‘x’ moles of water are formed, i. ¢., x moles of acid and x 
moles of alcohol have been consumed. Let V be the total volume. 
At equilibrium, the active masses of reactants and products are: 


P a x) Si: x) 
[CH, COOH] = ,[C,H,OH]= 


[CH,COOC,H; ] = > and [H,O]= - 
Applying law of mass action, 


x 
_ [ester][water] _ - 


[acid [alcohol] (¢ - ae ° ~ *) 


3 as 
P| tou 


(units = atm™) - 
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x2 


=) 


x2 


sae a ar (K,, has no units) 


. = x) % 

This does not involve the volume term. Thus, K, 
affected by the change of volume. 

Case V: Heterogeneous equilibria: 

Law of mass action can also be applied to the study of 
equilibria in which the substances are not in the same phase. 
Considering the decomposition of solid NaHCO, to produce 
solid Na,CO,, gaseous CO, and HO. 

2NaHCO, (s) == Na,CO,(s) + CO,(g) + H,O(g) 

Applying the law of mass action, 

Kx [Na,CO; |[CO, ][H,O] 
‘ [NaHCo; |? 


It involves two pure solids, Na,CO, and NaHCO,. It is 
customary not to include the concentrations of pure solids in 
equilibrium expressions. 


K/[NaHCO; ]? 
¢ ee 


or = (CO, LH, 0] 


=[CO, ][H,O] 


In terms of partial pressures we have K, = Po, Dicbe 


Similarly, in reactions in which a reactant or product occurs as a 
pure liquid phase, the concentration of that substance in the pure 
liquid is also constant. As a result, the concentrations of pure 
solid and pure liquid phases do not appear in the equilibrium 
constant expression. 
Many other examples of heterogeneous equilibria are 
_ available. Such as: 
1: Decomposition of CaCO, , 
, aa CaO(s) + CO,(g) 
K, =[CO,] or K, = poo, 
When CaCO, is heatéd in a closed vessel at a definite 
temperature, the pressure or concentration of CO, produced 
becomes constant irrespective of the amount of CaCO, taken. 
2. Reaction of steam on heated iron, 
3Fe(s) + 4H, O(g) —— Fe; 0,(s) + 4H, (g) 
_ I ork? 22% =4/K 


eSOl . -. - Paes sf 


3. Reaction of steam on heated carbon,. 
C(s) + H,O(g) —— CO(g) + H,(g) 
_ [CO][H, ] _ Poo X Puy 
° [HO] © p Puyo 
4. Dissociation of ammonium carbamate, 
NH,COONH, (s) —— 2NH;(g) + CO,(g) 


K, =[NH;]?(CO,];/ K,=[ Pyn,] xl Po, ] 


is not 


"222888 Q@Some Soiven ExampLes\ $883: : 
’ Example 11. For the following reaction, 
_ Hy (g)+1,(g) == 2HI(g), 
If initially 25 mL of H, and 20mL of I, are present in a container 
and at equilibrium 30 mL of HI is formed then calculate 


equilibrium constant. |ALPMT (Mains) 2009] 
Solution: The given reaction is : 
H,(g) +1,(g) —= 2H(g), 
to 25 mL 20 mL 0. 
-t 25-x 20-x 2x 


eq. 
Give, 2x=30mL .. x=15mL 


Equilibrium constant may be calculated as, 
[HI]? _ [30]* _ 900__ 


c 


[Hy [12] HOy[S] 15 
~ Example 12. In the reaction, 
Hy (g)+ 1, (g) = 2HI(g) 


the amounts of H,,I, and HI are 0.2 g, 9.2525 g and 44.8 g 
respectively at equilibrium at a certain temperature. Calculate 
the equilibrium constant of the reaction. 


Solution: H,(g) +1,(g) —= He ), 
Applying law of mass action, 
__ (HI? 
[H, I[I2] 
Let the total volume a V litre, then 
0.2 _ 9.2525 0.0364 
[H, ]=— : La |= = 
Vv Vv 254V V 
44.8 0.35 -l : 
HI] = ——— = —— mol L” respectivel 
[aI] = 128V V 7 
So, Ke V = 0.35 x 0.35 = 33.65 
01 0.0364 01x 0.0364 
; V. Vv 


Example 13. 0.5 mole af hydrogen and 05 mole of iodine 
react in a 10 litre evacuated vessel at 448°C; hydrogen iodide is 
formed. The equilibrium constant, K , for the reaction is 50. 

(a) Calculate the number of moles of iodine which remain 
unreacted at equilibrium. 

(b) What is the value of K ,? 

Solution: (a) H,(g) + I,(g) = 2HI(g) 
Initial moles” 0.5 0.5 — 0 
No. of. moles at equilibrium (0.5-x) (0.5-<x) 2x 

4x? 


Be x05 =3) 
= 450 = 7.07 
os, x) 


2x=0.5x 7.07- 7.07x 


c 


"or 2x + 7.07x = 0.5x 7.07 


_ Soe d7 = 0.39 mole 
9.07 
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(b) No. of moles ofI, at equilibrium = (0.5 ~- 0.39) = 0.11 mole 
| Ky, =K,(RT i 
AsAn=0, . K,=K,=50 
Example 14. 25 mL of H, and 18 mL of I, vapours were 
heated in a sealed glass tube at 465°C and at equilibrium 30.8mL 


of HI was formed. Calculate the percentage degree of 
dissociation of HI at 465°C. 


Solution: Since, the number of moles in a gas under the 
same conditions of temperature and pressure are proportional to 
volumes (Avogadro’s Law), the volumes in mL of gases may be 
used instead of concentrations in the case of reversible reactions 
in which there is no change in the number of molecules of 
reactants and products. 


2x = 30.8mL 

So, x=154 mL 
Vol. of H, at equilibrium =(25=15.4)=96mL °°” 
Vol. of I, at equilibrium = (18 — 15.4) = 2.6 mL 

(HI? _ (30.8)? 


Given, 


c 


[H,][1,] 9.6x 2.6 
Consider the equation, 
2HI(g) —= H(g) +1, (g) 
Let the degree of dissociation be x 
ae 1 1 
4(1- x) K, 38 
ok ee Ty ok 


38 4(1-x) 6.1644 A1~x) 


‘or "x= 0.245, 1e., 24.5% dissociated 
Example 15. 3.2 mole of HI were heated in a sealed bulb 
at 444°C till the equilibrium state was reached. Its degree of 
dissociation was found to be 20%. Calculate the number of 
moles of hydrogen iodide, hydrogen and iodine present at the 
equilibrium point and determine the equilibrium constant. 
Solution: The dissociation of HI is represented by the equation,’ 
2HI(g¢) = H, (g) +1, (8) 
(l-x) x/2 x/2 
Degree of dissociation, x = 0.20 and initial concentration of 
HI, a = 3.2 mole. 
At equilibrium, 
No. of moles of HI = a(1— x)= 3.2 x 0.8= 2.56 


No. of moles of Hy = os = 32x 0.1=0.32 


ax 


No. of moles of I, er tee 3.2x 0.1= 0.32 
2 
=~ _ = _02%02 9.0156 
A(l-x)? 4x 08x08 
_ {Hy JH,] 0.32 x 0.32 


Also, 


ec 


[HI]? —- 2.56 x 2.56 
= 0.0156 
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Example 16. The equilibrium constant of the reaction, 
Ay (g)+ By (g) = 24B(g) 


at 100°C is 50. Ifa one litre flask containing one mole of A, is 
connected to a two litre flask containing two moles of By, how 
many moles of AB will be formed at 373 K? 


Solution: A,(g)+ By(g) == 2AB(g) 
Initial no. of moles | / 2 0 
No. of moles at equilibrium (i-x) (2-x) ax 
(Total volume = 3 litre) 

Active masses iSbars, Gey) as 
3 oS 3 
Applying law of mass action, 
2 
za 
[AB} 3 4x2 
eee a ry ee a a or ae 
[42 ][Bz] Se =). (1- x)(2—x) 
2 
But, a = 
‘d-x)(2-x) 
or 4x7 = (2-3x+x" )50 
- or - Ox? = (2- 3x 447 )25— 
or 23x” — 75x + 50=0 
_ 754 y (75)? — 4.x 23x 50 
~ 2x 23 


x = 2.317 or 0.934 
The value of x cannot be more than 1,i.¢., greater than the 
number of moles of 4, and hence x = 0.943. 


No. of moles of AB = 2x = (2 x 0.934) 
= 1.868 


Example 17. The vapour density of N,O, at a certain 
temperature is 30. Calculate the percentage dissociation of 
NO, at this temperature. 


Solution: N,0,(g) == 2NO,(g) 
Mol. mass of NO, = (28 + 64) = 92 
92 


_ Vapour density, D= a = 46 


Let the degree of dissociation bex 
Given, d = 30 : 
, Applying the relationship, 

_D-d_ (46-30) 16 


= 0,533 
a 30 


Degree of dissociation = 53.3% 


' Example 18. 3g mole of phosphorus pentachloride is 
heated in a flask of 4 litre volume, At equilibrium it dissociates to 
give 40% of phosphorus trichloride and chlorine. Calculate the 
equilibrium constant. 


Solution: Degree of dissociation = 0.4 


PCI; (g) == PCI; (g¢)+ Cl, (g) 
a(1—x) ax ax ~ (at equilibrium) 
Given, a=3,x=04and V =4, 

So, at equilibrium, 


(I-04) _3 zi rene 


3 
[PCls]= = 


3x 0.4 


[PCI, ]= mol L! 


3x 0.4 


[Cl,]= mol L™ 


Applying law of mass action, 
[PCl, ] 4x 3x 0.6 
Example 19. 0, is 25% dissociated at 37°C and one 
atmospheric pressure. Calculate (i) K , and (ii) the percentage 
dissociation at 0.1 atmosphere and 37°C. 


Solution: (i) N,O,(g) == 2N07(g) 
Initial 1 0 


At equilibrium (1- x) 2x 
Total moles = (1— x) + 2x = (1+ x) 
‘a I~x) , oP 
PN30, > os > PNo, ~ (4x). 


Given, x= 0.25and P = latm 


1 0.25 : 


2x 0.25) 
=|" |x 1l=0.4 atm 
ENO: Oe 


_ (Pyo,)’ _ 0.4x 0.4 
PN40, 0.6 


(ii) Let the degree of dissociation of N,O, at 0.1 atm be ‘a’, 
’ then, 


K a = 0.267 atm 


l-« 2a 
‘=|——. | x 0.1 and = ——_— x 0. 
PN204 (E2) PNO2 ~ 14 a) 
2 
20 
ee | COL ie : 
K l+a 4a° x 0.1 0.40 


1+a 
2 
or | 067 OO. or 0.267= 0.6670? 
—~O 2 ,) 
a = 0.632 


Hence, dissociation of N,0O,4 = 63.2% 
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Example 20. 1.0 mole of nitrogen and 3.0 moles of PCI, 
are placed in 100 litre vessel heated to 227°C. The equilibrium 
pressure is 2.05 atm. Assuming ideal behaviour, calculate the 
degree of dissociation for PCl; and K,, for the reaction, 


PCI, (g) == PCI; (g) + Chy(g) 


PC, (g ) == PCI, (g) + Cl, (g) 
Initial 3 0 0 
Atequilibrium. 3(1-x) | 3x 3x 
(x = degree of dissociation) 
Total moles = 3(1— x)+ 3x + 3x = 3(1+ x) 


Solution: 


1 mole of nitrogen is present, hence actual total number of 
moles at equilibrium = 3(]+ x)+1 
According to gas equation, 


PV =nkRT- 
Given, P = 2.05 atm, VY = 100litres, R = 0.082 a ie 
and T = (273+ 227) = 500K 
So, es 2.05 x 100 <5 
0.082 x 500 
aE 30 +x)4+1=5 


. 3x=1 or x= 0333 
Thus, 


3(1+ x) + 1=3+3x 0.3334 1=4 + 0:999 
Seta 3(1 ~ x) 
At equilibrium, = x 2.05 
PEO. (ae44) 
Poets = Peg = x2 
MARAIS Gad 
ne K 2.05 X ea x 2.05 
(x +4) (3x + 4) 
a 30-x) 
x 2.05 
(3x + 4) 
9%? x2.05 _ 3x (0.333)* x 2.05 


3(Gx+4\1—x) (4+ 0,999)(0.667) 
= 0.204 atm . | 


Example 21. For a gas reaction, 3H,(g).+ N2(g)=—= 
2NH ,(g), the partial pressures of H, and N, are.0.4 and 0.8 
atmosphere, respectively. The total pressure of the entire system 
is 2.8 atmosphere. What will be the value of K, if ail the 
concentrations are given in atmospheres? 


Solution: Ny (g) + 3H, (g) == 2NH; (g) 

Partial pressures 0.8 0.4 (2.8- (0.8+ 0.4) = 1.6] 
at equilibrium 

Applying law of mass action, 


__ (Pas)? 16x 16 
” (pn, Pu, ) 08% 0.4x 0.4x 0.4 


= §0 atm? 
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Example 22. One mole of nitrogen and three moles of 
hydrogen are mixed in a 4 litre container. If 0.25 per cent of 
nitrogen is converted to ammonia by the following reaction: - 

_  N2(g)+ 3H2(g) == 2NA3 (2) 
calculate the equilibrium constant (K , ) in concentration units. 
What will be the value of K 7 the following equilibrium? — 


sy a(g)+— 5 Hae) NH (g). 


Solution: N.(g) + 3H,(g) == 2NH;(g) 
At equilibrium (1- x) (3-3x) ,_-2x(x = 0.0025) 
Active masses 17.0:0025) (3 - 0.0075) (0.0050) 

4 4 . 4 

_ Applying law of mass action, 

| (sees) 
__(NH;? _ 4 } 
[N2 ITH; ]° (09975) (2.9828) 
4 4 ; 


= 1.49 107 litre? mol 


K for the reaction, 
1 3, : 
3 N2(g)+ 3 H), (g) == NH (g) 


K=JK, =J1.49x 10° 


= 3.86 10° litre mol! 


is equal to JK .. 


Example 23. Jn an experiment one mole of acetic acid and — 
one mole of alcohol were allowed to react until equilibrium was * 


established. The equilibrium mixture was found to contain 2/3 
mole of ester. Calculate the equilibrium constant of the reaction. 
Solution: 
CH,COOH(/) + CH,OH() = == CH,COOC,Hs(0) + + H,0(/) 
Initial no. ‘ , 
1 1. 0 0. 
of moles 


No. of 
’ moles at f hy: 
equilibrium |" 3} 

‘Active 1 A 
masses 3V 3V CO” 3¥V 3V° 

V is the total volume in litres. 

Applying law of mass action, 

{ester][water] 
oe 


[acid][alcohol] 
2 2 
Yar 
a ne..] 4 
<4. 1 
ee 
3¥ 3V 


Example 24. Ammonium aoe sulphide dishciies 
according to the onion: 
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NH,HS(s)——= NH; (g)+ H,S(g) 
If the observed pressure at equilibrium is |.12 atm at 380 K, what 


" is the equilibrium constant K , of the reaction? 


Solution: NH,HS(s) == NH, (g) + H,S(g) 


PN, = Pus =x 1.12 = 0.56 atm 


K , = Pun, X Puys = 9-56 0.56= 0.3136 
Example 25. A vessel at 1000 K contains carbon dioxide 
with a pressure of 0.5 atm. Some of the carbon dioxide is 
converted to carbon monoxide on addition of graphite. Calculate 
the value of K , if total pressure at equilibrium is 0.8 atm. 


GIT 1993) 


Solution: © CO,( 5 + C(s) == 2CO(g) 
_ Initial - 0.5.atm 

At equilibrium (0.5 —.x) atm 

At equilibrium, the total pressure is 0.8 atm. 


Oatm 


Protat = Poo, + Pco 
0.8= (0.5-x)+ 2x=0.5+x 
or x= 0.3 atm 
Applying law of mass action, 
K _ (Peo y _@ x 03) - 036 _ 
02 


Example 26. A sample of CaCO; (s) is introduced into a 
sealed container of volume 0.654 litre and heated to 1000K until 


_ equilibrium is reached. The equilibrium constant for the reaction, 


CaCO, (s) == CaO(s)+ CO2(g),- 


is 39x 10 atm at this temperature, Calculate the mass of CaO 
present at equilibrium. 


Salution: —§ CaCO,(s) == Ca0(s) + CO,(g) 
K, = Pco, 

Let the number of moles - CO, be formed = n 

_ Pco, XV _ 39x 107 x 0.654 

"RT 0.082 1000 

; =3.11x 107 mol 

The amount of CaO(s) formed will also be = 311x107 mol 
Hence, mass of CaO formed = 311x 10~ x 56= 0.0174 g 


Example 27. The decomposition of ammonium carbamate 
at 30°C is represented as: 


NH,COONH, (s) == 2NH3(g)+ CO, (g) 
The equilibrium constant K, is2.9x10° atm’. . 


What is the total pressure of gases in equilibrium with 
NH.,COONH , (s) at 30°C? 


Solution: _NH,COONH,(s) == 2NH;,(g) + CO,(g) 
(-x) 2x x 
K, = (Pyny yx Poo, 
2.9x 10° =(2x)? xx= 4x? 


At equilibrium 


2x atm a a eee 
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<3 


-5 > 
- pee = 0.0194 atm 


4 
/ 
Total pressure = 2x + x = 3x =3 x 0.0194 = 0.0582 atm 


_ Example 28. Jn an experiment starting with \ mole of ethyl 
alcohol, | mole of acetic acid and | mole of water at 100°C, the 
equilibrium mixture on analysis shows that 54.3% of the acid is 
esterified. Calculate the equilibrium constant of this reaction. 

Solution: 


CH, COOH() + C LOH = = CHC OU: H() + H,0(1) 


Initial 1 

At l-x l-x x l+x | 

equilibrium < : 
1— 0.543 1— 0.543 0.543 1+0.543 


Given, x = 0.543. 
Applying law of mass action, 
_ fester][water] 0.543 x 1.543 _ 


“~~ [acid][alcohol]~- 0.457 0.457 ~~ 


Example 29. | The equilibrium constant for the reaction, 


CH,COOH (1) + C,H,OH() <== CH; COOC,H, (I) + H,0(1) 


is 4. What will be the composition of the equilibrium mixture 


when one mole of acetic acid is taken along with 4 moles of ethyl 


alcohol? 
‘Solution: 
CH,COOH(/) + C,H; OH(/) == CH,COOC,H,(/) + H,O(/) 
Initial 1 4 0 0 
At equilibrium 1- x 4-x x x 
[ester][ water]. 7 x? a 
[acid][alcohol] (1—x)(4—x) 
x? =4(l-x)(4-x) 
= 4[4-5x4+x7] 
=16-20x+ 4x” 
or 3x? — 20x +16=0 
_ 20+ y400-192 204 14.42 
6. 6: 
x=0.93 or 5,7366 
The ‘eae 5.7366 is not possible, hence x = 0.93 
Thus, the composition of mixture at equilibrium is 
[CH; COOH] = (1 ~ 0.93) = 0.07 mole 
[C,H, OH] = (4 — 0.93) = 3.07 mole 
[CH,COOC,H,; |= 0.93 mole 
, [H, 0] = 0.93 mole 


HIUSTRATIONS OF OBJECTIVE QUESTIONS 


7. For the reaction, N,(g) + O,(g) = 2NO(g), the value of 
K_, at 690°C is 0.1. When the equilibrium concentrations of 
both the .aciants is 0.5 mol, what is the value of K,, at the 


same temperature? * (KCET 2005) 
(a) 0.5 (b) G.1 (c) 0.01 (d) 0.025 

Ans.  (b)] 

Hint: K, =K,(RT)” 


10. 


11. 


Since, An = 0,hence, K, = K,] 
A(g) + 3B(g) === 4C(g), initial concentration of A is equal 


to that of B. The equilibrium concentrations of A and C are 
equal..K, of the reaction will be: ; 


(a) 0.08 (b) 0.8 (c) 8 (d)80 os 
(e) 1/8 ¢ 
[Ans. (c)] 
(Hint: A(g) + 3B(g) == 4C€(g) 

t=0 @ a ; 0 

feq. a~x a-~3x 4x 

a-x = 4x given 
a= 5x 
_ fel _ [4x1 = 256 _g) 
° [ABD [4x][2x]? 32 © 


For a hypothetical reaction: 
4A(g) + 5B(g)=— 4P(g) + 6O(2) 


The a eetiuaal constant Khas units: — ie cae 


(a) mol L™! (b) mol! L 
(c) (mol L7!)* (d) unitless 
[Ans. (a)] : 

[Hint: Unit of K, = (mol 1 ag 


=(mol L!)! = mol L! 7 
Starting with 1 mol of O,; 2 mol of SO,, the equilibrium for 
the formation of SO;(g) was established at a certain 
temperature. If ¥ is the volume.of the vessel and 2x is the 
number of moles of SO; present, the eqalibaum constant will 


xV 4x? 
Le Boe 5) ee 
se (i-xy . Lorem 
(=2y 5 ee a 
Oy ® O-pa-s) 
(Ans. (a)] 
{Hint: 280,(g) + O2(g) == 280,(g) 
‘ jae 2 oe -] fe x - 
“PALA FA 
. } 
(80,7? ev x 
"e180, 2105] [2-5] "(1 ] d-x) 
V V 


For the reaction, H,(g) + 1,(g) == 2HI(g), K = 47.6 if the 
initial number of moles of each reactant and product is 1 mole, 


then at equilibrium: [WEE (Orissa) 2006] 


(a) (1,]=[H2):f,]>(H0 = (6) [1,]<[H));: 02] = (A 
(c) [I,]=[H21;(1,1< (AN (d) (,)>[A, 1 ,)= * CHT 
[Ans. (c)] .. 

[Hint: K (ey 
int: = 
* [Hy I] 


[H,]= [ly] will be same at ae Pane since it is same at initial 


” state. 


_ fH? 
eg 
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12. 


13. 


14. 
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K, Ug]° =[HI)’ 
47.6[I,)* =[HI]? 
(,]<{A) 


In a closed vessel of volume V, a mol of nitrogen and 5 mol of 
oxygen are made to react to give nitric oxide, according to the 
reaction: - 

N2(g) + O2(g) = 2NO(g) 


If at equilibrium, 2x mol of NO are obtained, then: 
[BY (Pune) 2006] 


(a) K ifn SME, aio 
© (a-x\b-x) V 
Ds 
(b) K, = ——"__ x 
(a-x)(b-~x) 
2 
() KS = 47 
(a—x)(b-x) 
Ax... 
) enna 
2 G —x)(b - sy. 
[Ans. (d)] 
[Hint: N2(g) + O2(g) == 2NOg) 
t=0 a 5 0 
(a~x) (2) 2 
- V Vv} V 


x 2 
(=) 7 4x? 


K, (22) (a) G89 
VU V 


Equivalent amounts of H, and I, are heated in a closed till 


equilibrium is obtained. If 80% of the hydrogen can be 
converted to HI, the K , at this temperature is: (VITEEK 2007} 


(a) 64 (b) 16 (c) 0.25 (d) 4 
[Ans. (a)] 
[Hint: Ha(g) + Le) == 2H) 
t=0 1 1 0 
1-08 1-08 2x 0.8 
ses 
V vo OY 
(HI)? V 
= = = 64 
“Tita 02, 02 
; yoy 


Equimolar concentration of H, and I, are heated .to 


equilibrium in a 2 litre flask. At equilibrium, the forward and 
backward rate constants are found to be equal. What 


_percentage of initial concentration of H, has reacted at 


“equilibrium? pe MT Cceraiay 2008] 
(a) 33% (b) 66% é 
(c) 50% (d) 40% 
. (€) 20% : 
{Ans. (a)] ; 
[Hint : H,(g) + L(g) —+* 2H) 
fy aa 1 0 
. ise bs be 
= 2 2 2 


petra, pale 2 es 
ky [HN] eaies 
2 Ih 2 ] 
a 4x? 
 (-xP 
_ & 
“d=x 
x= 0.33 


% of H, reacted = 33 | 


9.8 LE CHATELIER’S PRINCIPLE 


There are three main factors which can change the state of 
equilibrium in a reversible system. These are concentration, 
pressure and temperature. Le Chatelier, a French chemist, 


- presented a qualitative principle known. as Le Chatelier’s’ 
principle which can . describe-- the -.effect .. of . change —in-___ 


concentration, pressure and temperature on any reversible system 
whether physical or chemical. 

According to this principle, if a system at equilibrium is 
subjected to a change of concentration, pressure or 
temperature, the equilibrium shifts in the direction that tends. 
to undo the effect of the change. 

Or 
If a system at equilibrium is subjected to a change of any. 


one of the factors such as concentration, pressure or 


temperature, the system adjusts itself in such a way as to 
annul the effect of that change. 


(a) Change in concentration: If an additional amount of 
any reactant or product is added to the system, the stress is 
relieved as the reaction that consumes the added substance occurs 
more rapidly than its reverse reaction, i.¢., if any of the reactants 
is added, the rate of forward reaction increases and if any of the 
products is added, the rate of backward reaction increases. 

In general, in. a chemical equilibrium, increasing the 
concentrations of the reactants results in shifting the equilibrium 
in favour of products while increasing concentrations of the 
products results in shifting the equilibrium in favour of reactants. 

(b) Changein pressure: Ifa system in equilibrium consists 
of gases, then the concentrations of all the components can be 
altered by changing the pressure. When the pressure on the 
system is increased, the volume decreases proportionately. The 
total ramber of moles per unit volume will now be more than 
before*According to Le Chatelier’s principle, the equilibrium 


. will shift in the direction in which there is decrease in number of 


moles, i.e., towards the direction in which there is decrease. in 
volume. 

In general, an increase in pressure applied to a system at 
equilibrium, favours the reaction in the direction that 
produces smaller number of moles of gases and a decrease in 
pressure favours the opposite reaction. If there is no change. in 
number of moles of gases in a reaction, a pressure change does 
not affect the equilibrium. 

(c) Change in temperature: A chemical 
(reversible) involves two opposing reactions, 


reaction 
forward and 
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backward. If one reaction is endothermic, the other will be 
exothermic in nature. When. heat energy is added by raising 
temperature, the system can relieve itself from the stress if the 
reaction which absorbs heat moves faster, ie., endothermic 


reaction is always favoured with increase of temperature. 
Conclusions: 3 
(i) Increase in concentration of any substance favours the 
reaction in which it is used up. 
(i) High pressure is favourable for the reaction in which there 
is decrease in volume. , 

(iii) A rise in temperature favours the endothermic reaction. 

' (d) Roie of catalyst: Positive catalyst increases the rate of 
both forward and backward reactions equally; the equilibrium 
will be attained in less time, i. e., same amount of pee duct will be 
formed in less time. 

On the other hand, negative catalyst lowers the rate e of both 
‘forward and backward reactions equally. Same amount of 
product will be formed in more time. 

~ Catalyst does not affect equilibrium constant and heat of reaction. 


Summary of Le Chatelier’ s Principle 


oe oe Effect of i inert gas addition 
pT. Condition ect 
P AV = 0, Ve Constant | n= 0, +veor—ve No effect a 
AV #0,V # Constant : | An=0 No effect 
AV #0,V #Constant ; An>0O Forward shift 
| Al AV «0,V # Constant An<0 ‘| Backward shift 


where, An = number of gaseous moles of product — number of 
gaseous moles of reactant 


__Effect of temperature and pressure 


Effect of - An; Side with - Effect of 
Nature of reaction’ increased fewer mole of . 
increase in P 
temperature . “gas - 
1 “Exothenmic backward shift 0; neither no shift 
2. “Exothermic .  bacxward shift -ve; right forward shift 
3 Endothermic ‘forward shift —ve; right forward shift 
4. Endothermic forward shift +ve; left backward shift 
3, Exothermic backward shift +ve; left backward shift 
6. Exothermic .- backward shift -ve; night forward shift 
7, Endothermic — forward shift +ve; left backward shift 
8. Endothermic forward shift +ve; left backward shift 


Application of Le Chatelier’s Principle 

(a) Formation of HI: 

H,(g) +1,(g) == 2HI(g) + 3000 cal : 7 

Effect of concentration: When concentration of H, orl, is 
' increased at equilibrium; ‘the system moves in a direction which 
' decreases the. concentration, ie., the rate of forward reaction 
increases thereby increasing the concentration of HI. 

Effect of pressure: -As there is no: «change in the number oi 
moles in the reaction, the equilibrium state remains unaffected by 
change of pressure. 

Effect of temperature: By increasing temperature, the 
equilibrium state shifts towards the reaction which-moves with 


absorption of heat. The formation of HI is an exothermic 
reaction. Thus, the backward reaction moves faster when 
temperature is increased. 

In Short, we can say that the favourable conditions for greater 
yield of HI are: 

(i) High concentrations of H, and I, and 
Gi) Low temperature. 
(b) Formation of nitric oxide: 
N3(g) + O,(g) == 2NO(g) ~ 43200 cal 

Effect of concentration: When concentration of N, or O, 
is increased, the system moves in a direction in which N, or O, is” 
used up, ie., rate of forward reaction increases thereby - 


increasing the concentration of NO. — oot 


Effect of pressure: In the formation: of nitric oxide, thé 


number of moles remains the same, i.¢., no change in volume - 


oceurs. Consequently, the equilibrium state is not affected by any 


change in. pressure. , teers Se ee ae pon 


Effect of temperature: The formation of NO is endother- 
mic in nature. [f the temperature is raised, the equilibrium shifts 
in the direction in which heat is absorbed. The concentration of 
NO will, therefore, be higher at higher temperature. 

- Thus, favourable conditions: for greater yield of nitric oxide are: 
(i) High concentrations of N,. -and Oy and 
(ii) High temperature ie 
(c) Dissociation of PCI, 


PCI; (g) == PCly(g) + Ch®) — 15000 cal 


Effect of concentration: When concentration of PCI, is 
increased at equilibrium, the rate of forward reaction increases as 
to decrease the added concentration. Thus, more of PC1, and Cl, 
are formed.. 

Effect’. of - pressure: The volume increases in the 
dissociation of. PCl;. When pressure is ‘increased, the system 
moves in the direction in which there is decrease in volume. 
Thus, high pressure does not favour dissociation of PCl,. 

_ Effect of temperature:- The dissociation of PCI, is an 


. endothermic reaction. Thus, increase of temperature favours the 
dissociation. 


. Thus, favourable conditions foe dissociation of PCI, are: 
(i) High concentration of PCl,, 

(ii) Low pressure and 

(iii) High temperature. ; 

(d) Formation of ammonia: 


Fi 
N, (g) + 3H (g) = 2NH, (g); AH =- 22.4 keal/ mol 


(i) At high pressure reaction will shift in forward direction 
to form more product. 

(ii) When concentration of N, and H, is raised or 
concentration ‘of NH, is lowered, then again the 
equilibrium shifts in forward direction to form more 
ammonia. 

If concentration of only one reactant is raised, then again 
the equilibrium shifts in forward direction till the other 
reactant is available for reaction. 
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(iii) The reaction shifts in forward direction at low temperature. 


9.9 


(i) Sol lid == == Liquid == 


But at very low temperature the rate of reaction becomes 
very low; thus moderate temperature is favourable for 
this reaction. 


APPLICATION OF LE CHATELIER’S 
PRINCIPLE TO PHYSICAL EQUILIBRIA 


Gas 


When temperature is raised, the above equilibrium shifts in 
forward direction. 


(ii) Effect of pressure on boiling point: 
raised, condensation of vapour takes place. Thus, 


When pressure is 
vapour 


’ pressure is lowered. Now more heat is required to equate vapour 
pressure with atmospheric pressure as a result of which boiling 
point increases. 


(iii) Effect of pressure on 1 melting point: 
‘types of solids: 


There are two 


(a) Solids whose volume decreases‘on melting, e.g., ice 
diamond, carborundum, magnesium nitride and quartz. 


Solid (higher volume) === Liquid (lower volume) 


The process of melting is facilitated at high pressure, thus 
melting point is lowered. 

(b) Solids whose volume increases on melting, e.g., Fe, Cu, 
Ag, Au, etc. 


Solid (lower volume) == Liquid (higher volume) 


In this case the process of melting become difficult at high 
pressure; thus melting point becomes high. 


(c) Solubility of substances: 


When solid substances are 


dissolved in water, either heat is evolved (exothermic) or heut is 
absorbed (endothermic). 


In such cases, 


KCl + ag. == KCl(agq.) — heat 


solubility increases with increase in 


temperature. Consider the case of KOH; when this i is dissolved, 
heat is evolved. 


In such cases, 


KOH + ag. == KOH(ag.) + Keak 


solubility decreases with increase in 


temperature. 


(d) Solubility of gases in liquids: 


When a gas dissolyes in 


liquid, there is decrease in volume. Thus, increase of pressure 
will favour the dissolution of gas in liquid. 


ILLUSTRATIONS OF OBJECTIVE QUESTIONS 


15. 


Consider the following reversible reaction at equilibrium: 
2H,O(g) === 2H,(g) + O,(g); AH = +24.7 kJ 

which one of the following changes in conditions will lead to 

maximum decomposition of H,O(g )? 

(a) Increasing both temperature and pressure 

(b) Decreasing temperature and increasing pressure 

(c) Increasing temperature and decreasing pressure 

(d) Increasing temperature at constant pressure 

(e) Increasing pressure at constant temperature 

[Ans. (c)] 


16. 


I: 


18. 


19. 


fa) No(g) + O,(g) == weer ANOS) wes 


{Hint: Reaction is endothermic and. An>0, hence, the 
formation of product will be favoured by increasing the . 
temperature and decreasing the pressure.] 
The exothermic formation of CIF, is represented by the 
equation: 

Cl.(g) + 3E,(g) == 2ClE,(g); AH = — 329k 
Which of the following will increase the quantity of CIF, in an 
equilibrium mixture of Cl,, KE, and CIF,? 
(a) Increasing the temperature 
(b) Removing Cl, - 
(c) Increasing the volume of the container 
(d) Adding F, 
[Ans. (d)] 
(Hint: Equilibrium will shift in forward direction by increasing 
he concentration of reactant.] 
Which among the folloyane reactions will be favoured at low 
pressure? 


CADE IG AES } 


b) Hog) + 1,(g) == 2HI(g) 

(c) PCl,(g) == PCI3(g) + Cla(g) 

(d) No(g) + 3H,(g) === 2NH,(g) 

[Ans. (c)] 

[Hint: On lowering the pressure, equilibrium favours the . 
direction of higher volume. ] 

At constant pressure, the addition of argon to: 

N,(g) + 3H2(g) === 2NH;3(g) 

will: 

(a) shift the equilibrium in forward direction 

(b) shift the equilibrium in backward direction 

(c) not affect the equilibrium 

(d) stop the reaction 

[Ans. (b)] 

[Hint: If volume is not constant, the addition of inert gas 
favours the direction where volume is increasing. ] 
The equilibrium reaction that is not influenced by volume 
change at constant temperature is: [CET (F&A) 2006 
(a) Hy(g) +1,(g) == 2HI(g) 
(b) No(g)+ 3H,(g ) === 2NH;(g) 
(c) N,O,(g) == 2NO,(g) 
(d) 2NO(g ) + O,(g) == 2NO,(g) 

{Ans.  (a)] 

{Hint: When, An = 0, there is no effect of pressure and volume 
change on the equilibrium.] 

N2(g) + 3H2(g) === 2NH;(g) + Heat 

What is the effect of the increase of temperature on the 
equilibrium of the reaction ? REED 20085 
(a) Equilibrium is unaltered 
(b) Reaction rate does not change 

(c) Equilibrium is shifted to the left 

(d) Equilibrium is shifted to the right 

[Ans. (c) ] : 

{Hint: The given reaction is exothermic, therefore, the equilibriurn 


will shift in backward direction by the increase of temperature.] 


9.19 CALCULATION OF DEGREE OF 
DISSOCIATION FROM DENSITY 
_ MEASUREMENTS 


Degree of dissociation is defined as the fraction of one molecule 
dissociated. It is denoted by x or a. Its value is always less than 1. 
When the value becomes equal to 1, it is said that the substance i is 
completely dissociated. 

The degree of dissociation in the case of second type of 
reactions (reversible) is determined by measuring density of 
reaction mixture at equilibrium. 

Consider the general reversible reaction, 

—— mB 

Initial no. of moles l 0 

No. of moles at equilibrium = (I-*) xs 
Total number of moles at equilibrium = (1— x)+ nx- 

—=l+@- Dx. ee 
Let the initial volume be V litre. Thus, the volume at equilibrium 
=[1+(n-1)x]V.. 

Let ‘d’ be the observed vapour density at a particular 
temperature when degree of dissociation. is ‘x’ and D be the 
vapour density when thers is no dissociation. Again, 

1 P 
eS (i) 
and ha Sr (ii) 
. [1+ (a-Dx]V 
Dividing eq. (i) by eq. (ii), 


=I+(n-1x 
D 
or . —-|l=(n-1)x 
. =o l= (=) 
D-d 
or ae (HWY X 
7 (n-}) 
or pees .. (iii) 
(r- Dd 
= M-m 
(n-1)m 
where, M = initial molecular mass 


m= molecular mass at equilibrium. 
In the dissociation of PCl,, NH, Cl and N,O,, the value of 
n= 2: 
: PCL, === PCI, + Cl, 
NH,Cl == NH, + HCl 
N,0, == 2NO, 
D-d D-d 


So, x= i 
Q-Dd d 


t 
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Calculation of Degree of Reaction using 


Pressure-Temperature Determination 


- Let us consider the following gaseous reaction: 
PC1;(g) == PC13(g) + Cla(g) 
Initial pressure and temperature are P, and 7,. At cquilibrium, 
pressure and temperature are P, and T, respectively. The volume 
of vessel is constant, equal to ‘V’’. 


PCls(g) PCI, (g)+Ch(g) an VOT OP 


$50) ge SO DE og ee 

eq. = a ax ax ax .atax Vo); P, 
Initial state ‘PW sar, ; we WD 
Equilibrium state PV = (a+ ax)RT, .» Gi) 


Dividing equation (i) by eq. (ii), we get 


gene. ce 
Py (bay - 
TP 
(lt+x)=2 
TP, 
Py ~ThP, 
TP 


_WUseATONS oF omyecrve Questions SSS 


21. At equilibrium: 
the observed molecular weight of N,Q, is 80g mol™’ a 
350 K. The percentage dissociation of N20 A Mg ) at 350 K is: 


uae ae 


(a) 10% (b) 15% (c) 20% @ 18% 
{e) 13% : 
[Ans. (b)] 
[Hint: Degree of dissociation may be calculated as, 
x= li -’ n= 2(number of gas moles . 
feoiyn produced by | mol reactant) 
Oe cms (M = 92, m = 80) 
(2 ~ 1)80 
ae 0.15 
80 


Percentage dissociation = 0.15 «100 = 15 ] 
22. The vapour density of PCI, is 104.25 but when heated to 


230°C, its vapour density is reduced ta 62. The degree of 
dissociation of PCL, at this temperature will be: 


(a) 6.8% (b) 68% * (c) 46% (d) 64% 
[Ans. - (b)] 
[Hint: The reaction is: 
S ~ PCI (g) == PCL,(g) + CL.(g) 
a A= 2 
_ D-d _ 104.25—- 62 
(a-ld (2-1)x 62 
= 0.68 


Percentage dissociation = 0.68 x 100 = 68% ] 
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. Examplei. At a certain temperature, equilibrium 
constant (K , )is 16 for the reaction: 
SO, (g) + NO2(g) == SO3(g)+ NO(g) 


If we take one mole of each of the four gases in one litre 


container, what would be the equilibrium concentration of NO ; 


and NO,? — et 
Solution: _ SO,(g) + NO, (g) == SO, (g) + NO(g). 
Initial concentration 1° 1 1 1 
Equilibrium concentration “]—-x  1-x l+x lt+x 
Applying law of mass action, 
_ [SO3;][NO] (1+ x)(l+x)_ 
“ Pee (i-x)(1— x) 
tee =4orl+x=4- ax 
I-x ~Xx 
: 3 
or EP ORES rar ee 


Cone. of NO, at equilibrium = (1— 0.6) = 0.4 mole 
Conc. of NO at equilibrium = (1 + 0.6) =1.6 mole 
Example 2. At 817°C, K, for the reaction between 
CO,(g)and excess of hat graphite (s) is 10 atm. 
(a) What are the equilibrium concentrations of the gases at 
817°C and a total pressure of 5 atm? 
(8) At what total pressure does the gas contain 5% CO, by 


volume? CT 2000) 
Solution: (a), CO2(g) + C(s) == 2CO(g);K, = 10 atm 
Given: © Poog) + Poor) = 5 atm 
Let Pcoog) = * atm 
So, Poo, @) = G- *), atm 

K _ [Peo Yr x* 
a 5- 
Poo, - x). 
2 
or 10=— 
(5- x) 

or x? +10x-50=0 

On solving, we get 
x= 3.66 


or Mole facto CO at equilibrium = 73.2% (by volume) 
. Poo, (g) = 1.34 atm 
or Mole fraction CO, at equilibrium = 26.8% (by volume) 
(b) Let the total pressure be P atm 
Given, % CO, (by volume) = 5 and % CO (by volume) = 95 


5 f 
= 5 ype00sPand po =o XR PS095P 
Poo. = 799 Poo ~ 700 


2 
K, =10= [Pco] _ 0.95P x 0.95P _ 19 yep 
Peo,” 0.05P 


or P = 0.554 atm 


MISCELLANEOUS NUMERICAL. EXAMPLES.Z, 


MSSST 


Example 3. 4¢ 700 K, co, aid H, react to form CO and 
H, O. For this process K , is 0.\1Jfa mixture of 0.45 mole of CO, 
and 045 mole of H, is heated to 700K. 

(i) Find out the amount of each gas at equilibrium state. 

(ii) After equilibrium is reached another 0.34 mole of CO, 
and 0.34 mole of H, are added to the reaction mixture. Find the 
composition of the mixture at the new equilibrium state. 

Solution: (i) CO,(g)+ H,(g) =—CO(g)+ H, Og) 


T ialno.of moles 0.45 0.45 0 0 
- of molesat 0.45-x 045-x x x 
equilibrium 


Applying law of mass action, 


XXX ae 


_ [CO]TH, 0} _ ie 
“ [CO ]TH,} (0.45 - x)(0.45= =x) (045—-xP 
So, a Oia 4 
— (0.45—x) 
x=011 
At equilibrium, [CO, ] = [H, ] = 0.34 mole 
[CO] =[H,O] = 0.11 mole 
. fii) CO, + 4H, == CO + HO 
Initial moles 0.344 0.34 0.344.-0.34 0.11 0.11 
; = (0.68 = 0.68 
At equilibrium 0.68-— y 0.68 - y 0. lit y O14 y 
© 160, Ty] (0.68— 0 68— y) 
or oy =0. 33 
0.68 — y 
or 0.11+ y= 0.33 x 0.68 - 033y 
or . y= 0.086 
At equilibrium, [CO] =[H,O] = 0.11 + 0.086 = 0.196 mole 


; [CO, ]=[H, ] = 0.68 — 0.086 = 0.594 mole 
. Example4. A mixture of SO,,SO, andO, gases is 


maintained in a 10 litre flask at a temperature at which the 
* equilibrium constant for the reaction is 100: 


280, (g) + O,(g) == 280, (g) 


w If the number of moles of SO. and,SO, in the flask are — 


equal, how many moles of Oz are present? 

(ii) If the number of moles of SO, in the flask is twice the 
number of moles of SO,, how many moles of oxygen are present? 
~ Solution: (i) 2S0,(g) + O2(g) == 2803 (g) 

At equilibrium, let the number of moles of each of SO, and 
SO; be n, and of oxygen n,,i.e., 


iSO.1e 


- Ay 
©; ]=—= 
[02] 0 
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Applying law of mass action, 


2 
Ay 
ee 
[SO, | =: 10 = 100 


[SO, }*[0>] (" y(") 


10; \10 


c 


or. n, = 9.1 mole 
Oxygen = 0.1 mole 


(ii) Let the number of moles of SO, be = n, 
So, number of moles of SO; = 2n, 
Let the number of moles of oxygen be = ny 


(2} re _ 
K,=— 4 ~ or to0=- * 
ny 2) Ny 
10 i : 
‘nz = 0.4 mole 


“ Oxygen = 0.4 mole 


Example 5. Az 250°C and | atmospheric pressure, the 
vapour density of PCl, is 57.9. Calculate (i) K,, for the reaction, 


PCIs (g) == PCI; (g) + Ch(g), 
at 250°C, (ii) the percentage dissociation when pressure is doubled. 


(i) Mol. mass of PCl, = 208.5 


Vapour density, D = = = 104.25 


Solution: 


Observed vapour density, d = 57.9 


Degree of dissociation, 0 = Dd _104.25-57.9 


d © 87.9 ° 
= 0.80 
PCI, (g) == PCI;(g) + Cl(g) 
At equilibrium l-o a a 


(1- 0.80) 0.80 0.80 
~ Total number of moles = (1+ 0)= (1+ 0.80) = 1.80 


Partial pressure of PCI, = Bcd xl= hs 
1.80 9 
Partial pressure of PCi,; = Oe x= bs 
1.80. 9 
Partial pressure of Cl, = 0:80 x t= 2 
esis 1.80 9 
x 
So Re ae 


(ii) Let the degree of dissociation be © when pressure is 2 
atmospheres. 


At equilibrium 
(i-a) (-a) 
Pea, = oP x2 
(+a) (+a) 
= _. P= o x2 
Pros sa) (ta) 
a a 
= -P= x2 
Pen 0) (1+a) 
: ~ x 2x’ 7 x2 Ay . 
fe ON as 
(=a), (l-a*) 
(+a) 
or 7 am — = 0.89 
(l-a*) 
or a? = 0.89- 0.8907 
or 5 1.8907 = 0.89 
2 _ 0.89 
1.89 
ot = 0.686 


_ Thus, PCI, is 68.6% dissociated. 


“Example 6. For the reaction, 


CO(g) + 2H, (g) == CH3,0H(g) 
hydrogen gas is introduced into a five litre flask at 327°C, 
containing 0.2 mole of CO(g) and a catalyst, until the pressure is 
4.92 atmosphere. At this point 0.1 mole of CH,OH(g )is formed. 
Calculate the equilibrium constants K , and K,. 
Solution: 


(GPa putes, 


Let the number of moles of hydrogen introduced . 


- be mmoles. 


Total moles of CO and hydrogen = 0.2+ m 
Applying, PV =nRT 
P=492atm, V = Slitre, R= 0.082, 
T = (273+ 327)= 600K 


4.92 x 5 = 0.082 x 600 x (0.2 + m) 


4.92x5 
or 0.2+m=——_—_ 
0.082 x 600 
or m= 0.3 mole 


CO(g) + 2H,(¢) == CH,OH(e) 


. 0.2-x 03-2x x (No. of moles 
or - 0.2-0.1 0.3-0.2 0.1 at equilibrium) 
or ae 0.1 0.1 

Ol OL 


(Active masses) 
i) 5 5 
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Applying law of mass action, 


oO. 
goer) = a = 2500 mol? L? 
[CO][H, ] ot .(%2 a 
5 

We know that, K,,=K (RT ve An=~2 

or K , = 2500(0.082 x 600) 

or R= 2500 _ 1.9327 atm” 

> 49.2x 49.2 
Example 7. When sulphur in the form of S. is heated at 


900 K the initial pressure of \ atm falls by 29% at equilibrium. 
This is because of conversion of some S, to S'4. Find the ca "of 
equilibrium constant for this reaction. 


Solution: Ss(g) = 48) (g) 
Initial mole 1 0 
At equilibrium l-x Ax 
(1-0.29) (4x 0.29) 
= 0.7) = 1.16 
Applying law of mass action, 
[ 4 
ge Os 5582 atm? 
[Psg ] 0.71 — : 
‘Example 8. For the equilibrium, 
AB(g) <== A(g) + B(g), 
K , is equal to four times the total pressure. Calculate the number 
of moles of A formed. : 
Solution: Let the total uilibrium pressure be= f atm 
Given, 5 i 


Let the start be made with | mole of AB(g) and the degree of 
dissociation be x. 


AB(g) == A(g) + Bg) 
Atequilibrium 1—x x x 
Total moles at equilibrium = 1—x+x+x=l+x 


Thus, P4 = Partial pressure of A = = -P 


+x 
Pp = Partial pressure of B = Roa, 
l+x 
: l-x 
Pag = Partial pressure of AB = —— - P 


Applying the law of mass action, 


(e-) 
K,=P4%Po 2 l+x \l+x 
Pag Cea. 
oP 
l+x 


So, 4P= 5 -P 


or 4~ 4x? = x?- 


or 5x7 = 4 
or x= es 
V5 
Hence, number of moles of 4 formed ates times initial 


V5 


moles of AB taken 


Example 9. 0.15 mole of CO taken ina 2.5 litre flask is 
maintained at 705 K along with a catalyst so that the following 
reaction can take place: 

COi.g)+ 2H, (g)<—=CH, OH(g) 

Hydrogen is introduced until the total pressure of the system is 
8.5 atm at equilibrium.and 0.08 mole of methanol is formed. 
Calculate (i) K , and K , and (ii) the final pressure if the same 
amount of CO and H, as before are used, but with no CHAISE SO SO 
that the reaction does not take place. AEP E905 


Solution: _ (i) Let the total number of moles of gases be n at 
equilibrium. 7 
Applying equation, = PY =nRT 


Given, P =8.5atm; VY = 2.5L; 
R= 0.0821atm L mol! 


8.5x 2.5 


K7! and T = 705K 


= 0,367 mol 


~ 0.0821 x 705 
CO(g) + 2H,(g) == CH;O0H(g) 
Initial mole 0.15 (nH, )o 0 
At equilibrium 0,15-x [(#H2 )o — 2x] x= 0.08 
Number of moles of CO at equilibrium 
= (0.15 — 0.08) = 0.07 mole 
Number of moles of H, at equilibrium 
= total moles ~ moles of CO ~ moles of CH;0H 
= (0.367 — 0.07 — 0.08) 
= 0.217 mole 
Applying law of mass action, 
0.08 
= LEMONT 2.5____=151.6mol? L? 
[CO]fA,]}" 0.07 (ea) 
25 all 25 
Now,  K,=K,(RT )*" =151.6% (0.0821 x 705)” 
= 0.045 atm™ 
(ii) Since, [(7y, \o — 2x] = 0.217 
or (My, )o = 9.217+ 2x 0.08 
= 0.377 mole 


(Aco )o = 0.15 
Total moles (#1, )= 0.377 + 0.15 = 0.527 


rhe NoRT 0.527 x 0.0821 x 705 
-Hence, Po = = 
V 2.5 
= 12.20 atm 


' Example 10. The equilibrium constant for the reaction, | 


CO(g) + H»O(g) == CO; (g) + Hy (g), 
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at 986°C is 0.63. A mixture of 1.0 mole of water vapour and 3.0 
mole of CO is allowed to come to equilibrium. The equilibrium 
pressure is 2.0 atm. 

(i) How many: moles of H. are present at equilibrium? 


(i) Calculate the partial pressures of gases in gue ler cur 
mixture. : 


PEE TOOFy 


Solution: (i) In the given reaction, An = 0, hence, K., = K 


CO(g) + H,O(g) == CO2(g) + H,(g) 
At equilibrium 


~(-x) (=x) x x 
Applying law of mass action, 
XXX 
(3-x)Q-x) 


x” = 0,63(3 - 4x +x") 
0.37x? + 2.52r- 1.89=0 


i: se x? + 6.8ix-5.1=0- 
2 + ; = 2. 1/2 
- OS1ST68) 68) 4x (5.1) _ 9.68 mole =H, 


(ii) Partial pressure of CO, = partial pressure of H, 


= mole fraction x total pressure 


=o x25 0.34 atm 


Partial pressure of CO(g) = 


Ba OS) x2=1.16atm 


Partial pressure of H,O(g) = aoa 


x 2=0.16atm 


- Example 11. . 


The equilibrium constant K,, for the 
reaction, — 


280, (g) + O2(g.) == 250; (g) 
is 900.atm™ at 800K. A mixture containing SO, and O, having 
initial partial pressure of \and 2 atm respectively is heated at 
constant volume to equilibrate. Calculate the partial pressure ra. 
each gas at 800K. 

Solution: The system in the initial stage does not contain 
SO,.SO,; will, thus, decompose to form SO, and O, until 
equilibrium is reached. The partial pressure of SO, will decrease, 
Let the decrease in partial pressure be 2x. 


2$02(g) + O2(g) === 280; (g) 


At equilibrium (2x)  (2+x) (1-2) 
Applying law of mass action, 
ES 
. »=aao (2+x)32 
i (2x)? (2+ x) 
_ 2 
900 = eae 
8x 
or eee Gites 
x 
or x= 0.0115 atm 


Thus, the partial pressures at equilibrium are: 
Ps0, = 2% 0.0115 = 0.023 atm 


Po, = 2+ 0.0115 = 2.0115 atm 
Pso, = 1-2 0.0115 = 0.977 atm 


Exaiaple 12. What is the concentration of CO in 
equilibrium at 25°C in a sample of a gas originally containing 
1.00mol L' of CO,? For the dissociation of ee at 25°C, 

= 2.96x 10°”. 


Gaia: 2CO,(g) == 2CO(g) + O5(g) 


At equilibrium (1- 2x) (2x) (x) 
Applying law of mass action, 
K,= [O2ItCOF" _ x OY 9 96x 10% 
TeOR ol Saer 
It can be assumed that |— 2x = 1.0as K . is very small. 
So, 4x° =2.96x 10” 
or = 1.95X107! mol LT 


[CO] = 2x =2x 1.95x 107! 
= 3.90x 10°! mol L”! 


Example 13. Ammonia is heated at 15 atm from 27°C to 
347°C assuming volume constant. The new pressure becomes 50 


atm at equilibrium. Calculate % of NH actually decomposed. 
: eX FT 2D Oe 


Solution: — Pressure of NH, at 27°C = 15 atm 


Pressure of NH, at 347°C = P atm 


Pts 
620 300 
P=3latm 


Let a moles of ammonia be present. Total pressure at 
equilibrium = 50 atm 
2NH3(g) = N2(g) + 3H,(g) 
(a —- 2x) x | 3x 
a-2x+x+3x=a+2x 
initial number of moles _ 


At equilibrium 
Total moles 


Initial pressure 


Moles at equilibrium Equilibrium pressure 
a on I 
er + dw) 50 
19 
x=—a 
62 
19 19 
Amount of ammonia decomposed = 2x = 2x — a= Ti a 
: 19xa 
% of ammonia decomposed = x 100 
Xa 


= 61.3 


Exaile 14. Calculate the per cent dissociation of 


AS (g)if0.1 mole of H2S is kept i in 0.4 litre vessel at 1000 K for 
the reaction, 


2H, S(g) === 2H (g)+ Sy (g) 
“The value of K, is 1.0X10°. 
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Pa 
Solution: 2H,S(g) === 2H,(g) + S4(g) | 
At equilibrium (O.A- x) Xe xe? 
Molar conc. O12) ne Ba 
0.4 0.4 - 08 
2 
tol 
2 
_ [Hy] Bal _ 0.4 de =10x10~% 
[{H5$] ca 
0.4 7 
ae 
or —_—_——_— = 1.0x 10° 
0.8(0.1-—x) 
as xiS very smail; 0.1-x-0.1 
3 
—~_— = 10x 10° 
2 8x0) widens tesa | eee 
= 8x10? a oe 
or 8 yeaxto? | 


x 107 


_ So, per cent dissociation = . x 100= 2.0 
~ Example 15. The vapour density (hydrogen =1) of a 
mixture containing NO, and NO, is 38.3 at 26.7°C. Calculate 
the number of moles of NO, in 100 grams of the mixture. 
GMELNR 1993) 


> Solution: N,O,4(g) = 2NO,(g) 
At equilibrium  (1-.x) 2x 
x 2 Geers of, dissociation) = = ane — 
Gia: ge 38. 3, De -Mol. mass of NO, _ 92 ieee 
sie 2 2 
So,” x= s65 28) = 0.2 
; 38.3 . 
_ Atequilibrium, amount of N;O, =1- 0.2 = 0.8 mol 
and amount of NO, = 2X 0.2= 0.4 mol 
Mass of the mixture = 0.8 x92 +'0.4x 46 


= 73.6 + 18.4 =92.0g 
Since, 92 gram of the mixture contains = 0.4 mol NO, 
So, . 


100 gram of the mixture contains = —_ 


= 0.43 mol NO, 


Example 16. At temperature 
dissociates according to the reaction, 


2 AB, (g) == 2 AB(g)+ By(g) 


with a degree of dissociation, x. which is small compared with 
unity. Deduce the expression for x in terms of the equilibrium 
constant, K - and the total pressure, P. (iT 1994; 


tie. 


T, the compound AB,(g) 
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Solution: -2 AB, (g) = 2 AB(g)+ Ba (g) 
At equilibrium, (1-x) x x/2 3 
Total molés at @quilibrium = 1—x+x+x/2 
24x : 
2 
pee (l~x) _ 2 : x 
Ae 24x} ae Oagy 7 tt” Bee) 
bos ate np) ep 
K.= (Pap) (Pa, y. (2+%) oe 
p= = i 
(Pa, ) a= is 
aay 
_ xP 
(24+x)- xy 
As xis very small, (2+x)— 2and (l-x)>1.— _ 
ae 
xP 
So, K.=—— 
oF 
2K 3 
or ya? 
’ - P 
— 2K \ V3 " 
or Pea oe 2 ee pce “ 


‘Example 17. At 25°C and one atmospheric pressure, the 
partial pressures in an equilibrium mixture of N,O, and NO, are 
0.7 and 0.3 atmosphere, respectively. Calculate the partial 
pressures of these gases when they are in equilibrium at 25°C and 
at a total pressure of 10 atmospheres. -. (VELNR 1998) 


Solution: N,O0,(g) == 2NO,(g) 
Atequilibrium - 0.7 0.3 atm 
( Yo. 
K, = NG” = 93X03 «9.1985 atm 
PN404 


Let the degree of dissociation of N,O, be x when total 
pressure is 10a!mosphere. 


N,0,(g) === 2NO, (2) 
- At-equilibrium (i-x) 2x 
Total number of moles = 1— x + 2x=14x 
‘ _ (l~x) 2x 0 
N04 (1+ x) > PNo, (tx) 
f 2 
& oe 40x? 
K, = 0.1285=-—— ae 
l-x x10 l-x 
l+x 
Since, x is very small, (l=x*)>1 
So, ; x2 _ 9.1285 
; 40 


or x = 0.0566 
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(i-x) x10 — 0. 0566 _ 9.9436 10 


= = 8.93 atm 

PNIO yay” 000566. 1.0566 

Pno, = ah x10= CoS Oe 16 = 1.07 atin 
2 (+x) 1+ 0.0566 - 1.0566 


Example 18. Az 450°C, the equilibrium constant, K , , for 
the reaction, 
- N2(g)+ 3H, (g) = 2NH3 (g) 
was found to be 16 x 10° at a pressure of 200atm. IfN, and H, 
are taken in 1:3 ratio what is % of NH, formed at this 


temperature? 
Solution: N,(g) + 3H,(g) —— 2NH,(g) 
At equilibrium (l-x) (3-3x) 2x 


Total number of moles = 1- x+3-3x+2x=4-2x 


(1-z) _ 3-3x) p. ni oD 
ENE ge (4n2xy sie mare Ys dia ae? lr al 
2x : 
fn, ee) 
( Pyar, ) 4+2x 


oOo nea = 5 ae ea 
Pn, X( Pu, ) I-x p|(3-3% > 
7 A4-2x 4-2x ) 
_— . 4x2(4- 2x)? 
(l-x)x 27x (1-x) P? 


ae “2 
ee e,Ae 2 
27 (1-x)* x (200) 
es x?(2-x)’ _ 1.6x 10° x 27x (200)* 
(l-x)? 16 
_ 16x 10” x 27 x (200) 
16 
or wee 2 a oner0? «A109 
: (Ls,x)° 
or ¥= 0.30. 


Moles of ammonia formed = 2 x 0.30= 0.60 


Total moles at equilibrium = (4 — 2x) = (4 — 2 x 0.30) = 3.40 


% of NH, at equilibrium = a x 100= 17.64 


Example 19. A mixture of SO, and O, at |atmosphere in 
the ratio of 2:1 is passed through a catalyst at 1170°C for 
attainment of equilibrium. The exit gas is found to contain 87% 
SO, by volume. Calculate K,, for the reaction, 


$0;(¢)+50, (g)—=S0,(g) 


Solution: The volume of SO, and O, at equilibrium 


= (100-87) = 13 mL 
Volume of SO, = : x 13 = 8.67 mL 


Volume of oxygen = ; x13 = 4.33 mL 


87 
Pso; = 100 x 1= 0.87 atm 


Peo, = i" x 1 = 0.0867 atm 


21 2433 


K.= Pso;_ 0.87 
Pp ; 2 1/2 
Pso, X( Po, )! (0.0867) (0.0433) 

_ 0.87 

(0.0867) x 0.208 , 

= 48.24 atm™! 
Example 20. NO, dissociates as. 

N,0,(g) = 2NO}(g ) 


at 55°C and one atmosphere % decomposition of N yO, is 50.3% — - 
At what pressure and same. temperature, the equilibrium mixture 
has the ratio of NyO, : NO, as 1:8? 


Solution: 
Case I: N,0,(g) —— 2NO,(g) 
Atequilibrium (1— x) 2x 
Be, SU Dette Subse 
cere (Ce) asian Es, 
i Ox oY 
rd 4x? P 
K = = ad g 


, (ce. (=x) 
\l+x 


Given. x= 0.50% and) P=i* 


K , = 1.3548 atm - 
Case Il: N,0, = —2NO, 
(d-»x 2x 
Given, a4) 7 - 
2x 8 
x=08 | 
Let haa new pressure be P atm. 
2 
_ 4x°P —4X08x08XP _ 1 3549 
(k-x?) (14+. 0.8)(1- 08) 
P=0.19 atm 
Example 21. At 627°C and one atmosphere SO; is . 


partially dissociated into SO, and O, by the reaction, 
. SO3(g) == SO, (g)+ 1/20) (g). 
_ The density of the equilibrium mixture is 0. ve g L". What is 
the degree of dissociation? 


Solution: Let the molecular mass of the mixture at 
. equilibrium be M,,;, . 
Applying the relation, 
se aRT  0.925x 0.0821 x 900 
M mix = =| : 
P. ; 1 
= 68.348 


618 GR.B. PHYSICAL CHEMISTRY FOR COMPETITIONS 


Molecular mass of SO, = 80 
Vapour density of SO,,D=— = 40 


Vapour detigity of mixture, d = a 34.174 


Let the degree of dissociation be x. 


ae: D-d <x 40— 34.174 = 9:826%2_ 9) 34° 


Genie (- 1) re) esr 


or x = 34% dissociated 
i@, SO, is 34% dissociated. 


Example 22. Density of equilibrium mixture of NO, and 
NO, at latm and 384K is 184 g¢ dm™. Calculate the 


equilibri ium constant of the reaction. 


“N50, =O,” 


Solution: We know that, 
. Pm= dRT 
1x m=1.84x 0.0821 x 384 
m=29x2 


Vapour density (d) at equilibrium = 29 
Initial vapour density = M/2=92/2= 46 


__D-d = 16-29 _ 9 5e6 
(n-ld 29 
N,O,4 == 2NO, 
1=0 1 . 0 
Veg 1-x 2x (Total moles = 1+ x) 


l-x - 2x 
=—— xP; _=—— XP 
FINO4 _l+x ENS l+x 
2 2 . 
Fo P _ 4% (0.586) x1 5 09am 


d=x? — 1-(0.586)" 


Example 23. For the Ae 
NH = s5 = Nolg)+5 = H,(g) 


show that degree of dissociation of NH , is given as: 


where,‘ p’ is equilibrium pressure. If K , of the above reaction is 
78.1 atm at 400°C, calculate K .. 


Solution: 
a 
NH; (g) == 3 N, + SH: (g) Total moles 
1=0 1 0 ; 0 l 
i 1-@ a/2 30/2 l+a 


f f , 
pi Nes Jp | = lo Pare \ (P, - partial 
L+a (20 + a) (20 +O); pressure) 


_N, 1 pH 2? 
= [NH, ] 


3/2 
p 
pa? f27 


A(1-a7) 


a} [3a 
¥ aia) | 20+) 


K 


; : B 1/2 
Solving fora, we get a= [ + P z| 
p 


K, can be calculated by using K , 


=K (RT ee 
K, =781;T=673K; An=1 


Example 24. The equilibrium constant K p for the 
reaction, 


N, + 3H, = 2NH, 
is 1.64 x 10 at 400°C and 0.144 x 107? at 500°C. Calculate the 


mean heat of formation of | mole of NH; from its elements in this 
temperature range.. 


Solution: We know that, log X= ee c ~ | 
K, 2303R\7% T, 
0.144 _. AH -( iS eee ) 
° 64 2.303% 1.987x 107 (673773 
AH =~ 25.14 kcal for 2 mole 
=—12.57kcal mol”! . 
Example 25. When limestone is heated, quicklime is 


Jormed according to the equation, 
CaCO; (s) == CaO(s)+ CO; (g) 
The experiment was carried out in the temperature range 
800— 900°C. Equilibrium constant K , follows the relation, 
log K , = 7.282 — 8500/T 


where, T is seniidratue® in Kelvin. At what temperature the 
‘decomposition will give CQ,(g) at 1 atm? 


Solution: — K, = Pco, =1 
log K , = 7.282= et 
8500 


log 1= 7.282 - —— 
: T 


7 = oo ~ 1167.26K 
7.282 


= 894.26°C 


Example 26. Equilibrium constant for the reaction of 


iodine with propane according to the following equation was 
determined. 


Some results obtained at 545 K were as given ahead: 


CHEMICAL EQUILIBRIUM 


a ee a oe 


Initial Pressures (nm Hg) Equilibrium Pressures (mm) 


i 1, CH, _ mW HI C,H 
, 23.9 505.8" Shape eg 27° See0 1,80 
LO Ae BBS NOP SAT ue ONS 


Calculate equilibrium constant according to the following 
equation, 


1, (g)+ C3H 6 (g)==—C3HsI(g) + HI(g) 


Solution: Ist experiment: 
I(g) + CjH(g) == CjHsl(g) + HI(g) 
t=0 23.9 505.8 0 0 
leg (23.918) (505.8 - 1.8) - 1.80 1.80 


_ Posts X Pur 1X18 
P Pi, X Pegg 2241 X 504 


"Similarly, solve for second experiment. 

Example 27. At 817°C K.,, for the reaction. between CO, 
and excess hot graphite to form 2CO(g ) is 10. : 

(i) What is the analysis (mole fraction) of the gases at 
equilibrium at 817°C and a total pressure of 4 atm? What 
is the partial pressure of CO, at equilibrium? 

(ii) At what total pressure will the gas mixture have 6%CO, 


by volume? 
Solution: (i) CO, (g)+C(s)== 2CO(g) 
£0 1 0 
beg. 4 1-a 20 
1-a 20, 
Fes fede [22] 
Ky = ae 310= = 
l-a@ 1-a@ 
On solving, we get a = 0.62 
Xco, = —- = Fong? = 0.2345 = 23.45% (by volume) 


| Xeq = 0.7655 = 76.55% (by volume) 
Pco, = (0.2345 x 4.0) atm = 0.938 atm 


(ii) Let thetotal pressure be P atm. 


oe EPcol 094xPx094xP 
a =j[0= = 
Pco; 0.06 P 
‘P= 0.68 atm 


Example 28. Ammonia under a pressure of 20 atm at 
127°C is heated to 327°C in a closed vessel. Under these 
conditions NH ; is partially decomposed to N, and H according 
to the equation: 

2NH 3 (g)= N2(g)+ 343 (g) 
After decomposition at constant volume in a vessel the 
pressure increases to 45 atm, What is the percentage of ammonia 
dissociated? * 


Solution: 
2NH,(g) == N2(g) + 3H.(g) n P rr ee 
r=0 a- 0. 0 a 20 ¥ 400 
lag 4 - Oh aai2 3aa/2 at+aa 40 V 600 
ya BRT _axRx 400 0) 
a 20 : 
long one age _Q 
P ~e 45 
On dividing, we get 1= aia asa 
; — (1+0)20x 600 


a= 0.5 
Percentage dissociation of NH, =.50 
Example 29. When 3.06 g of solid NH,HS is introduced 
into a two litre evacuated flask at 27°C, 30% of the solid ~ 
decomposes into..gaseous .ammonia .and. hydrogen sulphide. 
(i) Calculate K,, and K , ‘for the reaction at 27°C. (ii) What 


would happen to the equilibrium: when more solid NH,HS is 
introduced into the flask? (EP peee: 


NH,HS(s) == NH, (g) + H,S(g) 


Moles of NH,HS = ro = 0.06 


Solution: 


Degree of dissociation = 0.3 
_ At equilibrium, n 
0.3 x 0.06 


= INH) 9.3 0.06x 0.3 x 0.06 
2x2 
= 81x 197 


Now spying 
=K, (RT) = =8.1x 107 x (0.082 x 300)" 
= 0.049 
Since, NH4HS is solid, so it causes no change in equilibrium. 
Example 30. 42 540K, 0.10 mole of PCI, are heated in a 


8 litre flask. The pressure of equilibrium mixture is jours to ine 
1.0 atm. Calculate K , and K . for the reaction. eL iGs) 


Solution: PC], =— PCl, + Cl, 
At equilibrium (mole) (0.1 — x) x x 
Total number of moles, 7 = (0.l-x)+x+x=(0.14x) - 
PV =nRT 
1X 8= (0.14 x) x 0.082 x 540 
or x= 0.08 
(PCI, ICh] xe? 
°". [PCs] (0.1-x)x8 
Z 0.08 x 0.08 =4x1072 mol L! 
(0.1 — 0.08)8 . 


K, =K,(RT )™" =K, RT (An=¥+}) 
=4x107 x 0.082 x 540= 1.77 atm 
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Example 31. At 817°C, K, for the reaction between 
CO,(g).and excess hot graphite(s) i is 10.atm. 
(a) What are the equilibrium concentrations of gases at 
817°C and a total pressure of 5 atm? 
(b) At what total pressure, the gas contains 5% CO, by 


volume? oa - (LIT 2000)- 
Solution: (a) CO,(g)+ Cs) =—=2CO0(g) 
Atequilibrium = (5~x)atm x atm 
{corp x? 
P  [CO,] (5x) 
ee 
10S 
: S-x 
x? = 50-10x 
x2410x-50=0 
10+ 1004+ 200---. --- - 
x= _ = 3.66 
2 
L@. Pco =3.66atm; poo, = 1.34 atm 
Concentration of CO = 2 = z: ee ee = 0.041 mol litre”! 
_ RT 0.0821 x 1090 . 
Concentration of CO,= 2 sen 0.015 mol litre! 
RT 0.0821 x 1090 
(b) CO, (g)+ C(s) == 2CO(g) 
i=0 2 1 o.. 0 
beg. l-a- 20 
‘py, ie 20. 
a l+a 1+ a 
2 
Li ea @ 
e ss | l-a’ ~ 
ae 
l+o 
S216 
100 1l+a 
a = 0.95 
2 
From eq. (i), 10= eT 
— (0.95) 
p=0.27atm 


Example 32. The value of. K, is1x 10° atm at 25°C for 


the .reaction 2NO(g)+Cl,(g) <== 2NOCKg). 
contains NO at0.02 atm and at 25°C. Calculate the mole of Cl, 
that must be added if 1% of the NO is to be converted to NOC! at 
equilibrium. The volume of the flask is such that 0.2 mole of gas 
produces atm pressure at 25°C. (Ignore probable association of 
NOtoN,0,). (VY 2004) 


A flask 
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Solution: 
t=0 


2NO(g)+ Cl,(g) === INOCI(g) 


0.02 0 0 
0.02 x 99 0.02 x } 


“100 a 
(0.02x 0.01)? _ ‘ae 
(0.99 x 0.02)? x p 


K.- [ Proc }” 7 


[ Proll Paz ] 
: p= 0.102 atm 
PV=nRT 
0.102xV =nxRXT .@ 
. IxV=0.2xRxT : w. (it) 


n= 0.0204 (no. of moles of Cl, at 


From eqs. (i) and (ii), 
. equilibrium) 


Pressure of Cl, involved in reaction 


= : x pressure of NOCI 


=" 0.02 _ 9 dol atm 
~ 2 100 
PV= nRT 


0.0001xV =n x RT s ii) 
From eqs. (ii) and (iii), 2=2x10™ Gnoies of Cl, involved 
7 in reaction) 
Initial moles of Ci, taken = 0.0204 + 2x 107 
= 0.02042 * 
Example 33. In the following equilibrium, 


N04 (g) == 2N02(g) 


when 5 moles of each is taken and the temperature is kept at 


298 K, the total pressure was found to be 20 bar. 
: AG y yo, =100K, AG rug, = 50K 
(a) Find AG of the reaction at 298 K. 


Given 


(UIT 2004) 


(6) Find the direction of the reaction. 
. 2 
Solution: Reaction Quotient = [Pwo, = a8 =10 
PN204 10 
° . ° ° 
AG resection = 2A Gy NO, ~ AG; N204 
=2x 50-100=0 


We know that, AG-= AG® — 2.303 RT log Q, 
= 0 2.303 x 8.314 x 298 log 10 
=~ 5705.83 =—5.705kI 


Negative value shows that reaction will be in forward 
direction.. 
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__ SUMMARY AND IMPORTANT POINTS TO REMEMBER 


1. Irreversible ‘and reversible reactions: Chemical 
reactions can be classified as irreversible and reversible 
reactions. The reactions which move in one direction only are 
called irreversible reactions. In these reactions products do not 
react to produce original reactants. In such reactions an arrow 
(-») is placed between reactants and products. The chemical 
reactions which take place in both directions: under similar 
conditions are called reversible reactions. In such reactions 
products also react with each other to produce reactants again. 
The sign (=== )is placed between reactants and products. 

2. Chemical equilibrium: Chemical equilibrium is, the 
most important characteristic property of reversible reactions. It 


is the state_at.which. both. forward_and. backward reactions. occur. ... 


at the same speed. 
At equilibrium state, 
Rate of forward reaction = Rate of backward reaction 
At equilibrium state, the concentrations of the reactants and 
products do not change with time. The following are the 
characteristics of the equilibrium state: 


(i) It can be achieved only if the reversible reaction is carried, 


out in a closed space. 


(ii) It is characterised by constancy of certain properties such 


as concentration, pressure, density, colour, etc. 

(iii) It can be attained from either side of the reaction. 

' (iv) It can be attained in lesser time by use of a catalyst. 

(v) It is dynamic in nature, i.e, reaction does not stop, but 
both the forward and backward reactions move with the same 
speed. 

(vi) Change of pressure, concentration or temperature favours 
one of the reaction and thus shifts the equilibrium point in one 
direction. 

Reversible chemical reactions are classified into two types: 

(i) Heterogeneous reactions: The reversible reactions in 
which more than one-phase is present. 


(ii) Homogeneous reactions: 
which only one-phase i is present. These are further classified into 
three types: 

(a) When there is no. ii in the number of molecules, 

ie, An=0. Ses 

(b) When there is an increase in the number of molecules, 

- he, An=+Vve. 


(c) When there is a decrease in the number of molecules, ' 


ie.,An=—ve. 


3. Law of chemical equilibrium (Application of law of 
mass action): Consider the general homogeneous reversible 
reaction in which equilibrium has been attained at a certain 
temperature. 


m, A, + my Ay +m,A, +...5== 1B, +n7B, + n3B, + 


Rate of forward reaction = Rate of backward reaction 
ky [A, " [Ay ig [A, y"3 as k, [B, y" [B, jy [B, Y? re 


The reversible reactions in 


| BB TPB) kp 
(A "Ag LAS] -] 


The equilibrium constant, K ., at a given temperature, is the 
ratio of rate constants of forward and backward reactions. It is 
also defined as the ratio between the molar concentrations of the 


. products to the molar concentrations of the reactants with each 


concentration term raised to the power equal to stoichiometric 
coefficient in the balanced chemical equation. 


The value of equilibrium constant is independent of the 
following factors; 
“> (i) Initial cbncentration of reactants. 

.. {ii): The direction. from which equilibrium has been attained. -_ 

(iii) The presence of a catalyst. 

(iv) The presence Of inert materials. ; 

The value of equilibrium constant depends upon the following 
factors: 


(i) The mode of representation of tiie’ reaction: 
the reversible reaction, 


Consider 


A+B== C+D 
_ [CIP] 
* [A][B] 
The products are made the reactants, ie., the reaction is 
reversed: 
C+D A+B: 
_[AI[2) 
Ae [CI[D] 
So, xe et 
_K 


(ii) Stoichiometric representation of a chemical equation: 
The value of equilibrium constant will be numerically different if 
the reaction can be written with. the help of two or more 
stoichiometric equations. 


c 


? 7 2 
ie, 2NO,(g) ==N,(z) +20,(g); K,= IN, HO, 
-[NO; ] 
= , -[N2}7[02] 
or NO3(g) == (1/ 2)N2(g) + O2(g); Ke = 
24 2g a(g NOs] 


_ Thus, K- = em 


(ii). Use of partial pressures: When the reactants and 
products are in gaseous state, the partial pressures can be used 
instead of concentrations at a definite temperature. 


m, Ay + Mz A> + mA, bs nyB, +4,B, + n;B, + 
_ ( Pp, yA 4 Pp)” ( Pp,)” 
BT mn 
(Pa) ( Pay)” ( Pas)” 
K,=K,(RT 


where, An = total number of molecules of products — total 
‘number of molecules of reactants. 
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When, An=9Q, ay ie 
‘An = + ve, KR, ks; 
and. - An = — ve, K,<K,; 


(iv) Temperature: The value of ‘equilibrium constant 
changes with temperature. The values of equilibrium constants at 
_ two different temperatures are related by the following equation: 


log Ky log K, = 303K | Ty 7 T, >T, 
- When, AH=0, ie., heat of reaction at constant 
; volume is zero, 
Ky=K, 
When, AH =+ ve, ie, endothermic reaction, 
ey Oe ne 


and when, AH =— ve, ie, exothermic reaction 
: K,<K, 

- Units~-of - ‘equilibrium: “constant: ~ Partial “pressures ~ are 
measured in terms of atmospheres. Therefore, units of K,, will be 
(atm) a . Since, concentrations are measured in terms of males per 
litre, the units of K,, are (mol L™!)“". 


K, and K . will be pure numbers when, An = 0. 
4. Equilibrium expressions for some reactions: 


(a) H,(g) + 1,(g) == 2HI(g) 
Initially a b 0 
At equilibrium (a-x) (b-x) (2x) 
=e Gy) 
© [Ha ]Ih] (a-x\(b-x) (a-x(b-x) 
(2x) p2 : 
Pet ee C1) a ae 
= Puy * Pi, (o = P (a- x)(b— x) 
\at+b \at+b 
So, K.=K, , 
_ (b) 2NO(g) == N2(g) + Op(g) 
Initially a 0 0 
’ equilibrium (a—x) x/2 x/2 
_ IN, MO.) _ x/2xx/2_ a 
“ [NOP (a-xY— A(a-xy 


(c) 
CH,COOH(/) + C,H; OH(/) == CH;COOC,Hs(!) +H, O(1) 


Initially a | b 0 0 
Atequil. (a-x) (6—x) x x 
_ [(CH;COOC,H; ][H,0] _ ie 
. [CH,COOH|[C,H;OH] (a—x)(b-x) 
(d) PCI,(g) === PCI,(g) + Cla(g) 
Initially a 0 0 
At equilibrium (a — x) x x 
Active masses e2) = = a 
V V Vv 
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a : xy ; 
Kv # asic, eal aera 
[PCl,] ~ ~ (a-x) (a-x)V 
Vv 
( x x \ ; 
Px P| 
_ Precis X Pci, _ atx a x? P 


. Preis (SE -] (a +x)(a—x) . 


K 


{e) _N2(g) + 3H)(g) == 2NH;,(g) _ 
Initially a b «0 , 
At equilibrium (a—-x)  (b-3x) 2x 


See 


INH AY) x’? 
(Nz IH)? (252)(*5%) (a-x)(b ~ 3x)* 
( Pw, )° 


are 
K, =————_ = eee ce Se 
Py, X( Pu) (a-x) _p|{_.@-3x)_p| 
. (a+ b-2x), (a+ b- 2x) 
. _ 4x*(a+b-2x)’ 
(a-x)(b- 3x)° P* 
5. Activation energies for the forward and backward 
reactions: Both forward and backward reactions follow the 


same path and from the same activated complex. However, the 
activation energies of both reactions are different. 


AE=E, (-£, (b) : ; 
For exothermic reaction, E, (f)<E, (b),ie, AE=- ve 
For endothermic reaction, E,(f)>E, (b),i.e, AE=+ ve, 
Threshold energy = Energy of reactants + Activation energy 
of forward reaction 
Threshold energy = Enégy of products + Activation energy 
of backward reaction 


Active masses { 


6.: Standard free energy change of a reaction and its 
equilibrium constant are related to each other at temperature 
T ‘by the following relation: 


AG° =—2.303RT log K, 
: _ AGe= ~TAS° 
When, AG° =—ve, the value of ame constant will be 
large positive quantity and when AG° is positive, the value of K 
is less than I, ie, low concentration of products at equilibrium 
state. 
7. Degree of dissociation from density measurements: 

Degree of dissociation i in the case of reversible reactions in which 
there is increase in the number of molecules can be determined by 
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measuring density of the reaction mixture at equilibrium. Let d be 
the observed density at a particular temperature when degree of 
dissociation is x and D be the veo density when there is no 
dissociation. 

D-d : 
x= ; where, 7 is the number of molecules of products. 


(n—l)d 


8. Heterogeneous equilibria: Law of mass action can 
also be applied to the heterogeneous system. In such systems the 
concentrations of pure solids and liquids are not considered.in 
equilibrium expressions. . 


C(s) + H, O(g) == CO(g) + H2(g) 
K,= Pco * Pu, pe {CO][{H, ] 
P,0 [H,0] 


i.e.,concentration of C(s) is not taken into account. 

9... Le-Chatelier’s _principle:— 
which can describe the effect of change in concentration, 
pressure and temperature on the reversible system whether 
physical or chemical. It is stated as “If the system at equilibrium 
is subjected to a change of any one of the factors such as 
concentration, temperature or pressure, the system adjusts itself 
in such a way as to annul the effect of that change.” The 
following conclusions have been derived from this principle: 

(i) Increase in concentration of any substance favours the 
reaction in which it is used up. 


- (ii) High pressure is favourable for the reaction in which there 


is decrease in volume. 
(iii) A rise in temperature favours the endothermic reaction. 


It.is.a qualitative_principle- 


Applications of Le Chatelier’s Principle 
* (i) Ice water system (melting of ice): 
Ice + Heat <= Water 
It is an endothermic process and there is decrease in volume. 
Thus, the favourable conditions for melting of ice are: 
(a) High temperature and (b) High pressure. 
(ii) Solubility of gases in liquids: When a gas dissolves in 


a liquid, there is decrease in volume. Thus, increase in pressure 
will favour the dissolution of a gas in liquid. 


dii) Formation of nitric oxide: 
N,(g) + O5(g) —— 2NO(g) — 43200 calorie 


In this chemical reaction, there is no change in the number of 
molecules and heat is absorbed (endothermic). Thus, favourable 
conditions for greater yields of NO are: 


(a) High concentrations of N, and O2, 

(b) High ternperature and ~~ ee 

(c) No effect of pressure and catalyst. 

(iv) N,(g) + 3H,(g) —— 2NH,(g) + 22400 calorie: The 
reaction involves decrease in number of molecules and evolution 
of heat (exothermic). The favourable conditions are: 

(a) High concentrations of N, and H,, 

(b) High pressure and 

(c) Low temperature. 

To speed up the rate of reaction at low temperature, a suitable 
catalyst is always employed. 


G.R.B. PHYSICAL CHEMISTRY FOR COMPETITIONS” 


1. Match List ] (Equations) with List Il (Type of Processes) and 
select the correct option: 


List-I List-II 
(Equations) ‘(Type of Processes) 

‘(aK ,.>Q (i) Non-spontaneous 

(b) AG°< RT log .Q (i) Equilibrium 

()K,=Q (ili) Spontaneous and 
endothermic 

AH : 

QT > a (iv) Spontaneous 


(A) a=(i); b= (ii); c= (iii); d= (iv) 
(B) a = (iii); b= (iv); «= (ii); d= (i) 
(C) a= (iv); b= (i); ¢ = (ii); d= (iii) 
(Dya=(ii); b= (i); c= (iv); d= (iit) [CBSE (PMT) 2010] 
(Hint: When K p > Qs Tate of forward reaction > rate of backward 
" reaction, i.2., process is spontaneous. 
When AG°< RT log, QO, AG® is positive, thus reaction is non 
spontaneous. 
When K,, = Q, reaction is at equilibrium. 
When 7: AS > AH,AG will be negative only when AH = +ve, thus 
is spontaneous and endothermic. ] 


.. Matrix-Matching Problems (For ITT Aspirants): 


[A] Match the Column-I with Column-II: ° 
Column-I a Column-If 
(a) H,(g). % Ing) =— 2HI(g) (p) Unaffected by 
inert gas addition 


(b) ae: (s)==—= Ca0(s) + €O,(g) q) Forward shift by 

: ris¢ in pressure 
and backward 

shift by inert gas 


2 addition 
(c)Ny(g)+3H,(g)=== 2NH;(g) (t) Unaffected by 
, increase an 
pressure 


(d) PCL, (g ) === PCl;,(g)+CL,(g} (8) Backward shift by 
rise in pressurs 
and forward shift 
by inert gas 
addition 

{B] Match the reactions in the Column-I with the units of 

equilibrium constant in Columo-I: 


 Colamn-i co Co hernn-H 
(a) CaCO,(s) == CaO(s) + CO;(g) (P) mol L 


(b) PCL, (g) === PCl,(g)+Cl,(g} (4) Unitless 


Questions’ | 


- (©)N,(g) + O,(g) == 2NK(g) 


(C)H)(g)+1,(g) == 2HI(g) (x) atm 
(d)N,(g)+ 3H, (g) === 2NH;(g) (8) (atm) 


[C] Match the reactions of the Column-I with the factors in 
Column-II: 


Column-I Column-Th 


eS 


@N,(g) + 3H,(g) — 2NH,(2) (p)Forward shift by 
(Exothermic) rise in pressure 


(b) 2S0,(g) + 0,(g) === 250, () (q) Unaffected by 
(Exothermic) change in pressure 


(t) Forward shift by 


(Endothermic) - rise in temperature 
- (A) PCI, (g) + Cl(g) == PCl;(g) (8) Forward shift-by— 
(Endothermic) lowering the 
temperature 
[D] Match the reactions of the Column-I with the relations in 
Column-lI: , an 
<7 Column-T Column-II © 


(a) Hp(g) + 1(g) = 2HI(g) (p)K, = K, (RT) 
(b)N,(g) + 3H,(g) = 2NH;(g) (a) K, =K,(RTY 
(©) PCls(g ) = PC (g)+Ch(g) OK, =K,(RTY* 
(d) NH,HS(s) —= NH; (g)+ H,S(g) (9) K, = K, 

[E] Match the List-I with List-Il: - 


List-I List-I¥ 
@o = K (p) Reaction is nearer to completion 
(D)O<K : (q) Reaction is not at equilibrium 
()O>K (rt) Reaction is fast in forward direction 
(d)K >>> 1 " (8) Reaction at equilibrium 
[F] Match the List-T with List-{I: 
2 Litt ge List-13 
« (Reaction) - (K,/K,} 


(@) 4,(g)+ 3B,(g) = 24B;(g) (PRT? 


' (b) A, (g) + By(g) == 2AB(g) (q)(RT y° 


(c) A(s) + 5 Axle) ABs(g) — ) (RT? 
(d) AB,(g ) == AB(g)+ 7 Big) (s)crT y'”? 
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1. (C)(a = iv);(b = i); (c = ii); (d = iii) 
[A] (a-p, 9); (b-p, 1); (c-q); (d-s) 


[B] (a-p, 1); (b-p, 1); (c-q); (d-s) 
[C] (a-p, s); (b-p, s); (c-q, 1); (d-p, 1) 


[D] (a-s); (b-1); (c~p); (d-q) 
[E] (a-s); (b~q, 1); (cq); (d-p) 
[F} (ap); (b-q); (c-s); (d-1) 


. K, for the reaction, NH, (g) == *1/ 2N,(g) + 3/2 H,(g), at 
298 K is 5.2x 107°. What is the value of K, at 298 K for the 
reaction, 
N,(g) + 3H)(g) == 2NH,(g)? 


[Hint: K for reaction: 1/2 Nj(g) + 3/2H,(g) == NH, is = ‘ 
ae 
Pi = 
“S210? 


K., for the reaction, N,(g) + 3H.(g) == 2NH;(g), will be = (K/)* 


We et eg OE 
52x10° 


The value of K 2 for the reaction, 


2H,O(g) + 2Cl,(g) == 4HCI(g) + 0,(g), 
is 0.035 atm at 400°C, when the partial pressures are expressed 
in atmosphere. Calculate the value of X , for the same reaction. 
[Ans. 6.342x10~ mol L7] 
For the reaction, 

2S80;(g) === 280,(g) + 0,(g), 

the equilibrium constant K, = 2.52 x 10° at 27°C; calculate 
K,. (Given, R = 0.082 litre-atm deg” 
fAns. 61.99x 107] 
If K, for the reaction, No(g) + 3H,(g) == 2NH,(g), is 


2 


1.64 x 10% atm at 400°C. What will be the equilibrium 
constant at 500°C, if heat of reaction in this temperature range 
is ~ 105185.8 joule? 
[Ans. 1.44 x 107 atm] 
For the reaction, N,O,(g) == 2NO,(g), K,, = 0.157 atm at 
300 K. Calculate the value of K,. for the same reaction at the 
same temperature. 
[Ans. 6.38 x10 mol L] 
For the reaction, SO,(g) + ¥40,(g) == SO,(g), the value 
of K, is 1.7x 10! at 300 K. Calculate the equilibrium 
constants for the following reactions at 300 K: 
250,(g) + O,(g) == 2S0,(g) 
and ~ $0,(g) == S0,(g) + /20,(g) 
[Ans. 2.89 x 10%, 5.88 x10} 
Determine K, for the following reactions: 
(a) CO(g) + H,OXg) == CO,(g) + alg); 
. = 23.2 at 600 K 

(b) N,0,(g) === 2NO,(g); K, = 4.62 x ie M at 298K 
(c) 2S0,(g) + O:(g) == 280,(g); 

K,=28x 10° M 


mol!) 


at 1000 K 


10. 


11. 


12. 


13. 


14, 


[Ans. (a) 23.2 (b) 11.45 kPa (c) 0.0337 kPa] 
From the following data at. 1000 K: 
COCI,(g) == CO(g) + Clog), 
2CO(g) + O,(g) == 2C0,(g); 
Calculate the equilibrium constant for the following reaction: 
2COCI,(g) + On(g) == 2C03(g) + Chg) 
[Ans. 2.43 x 1074 


K, = 0.329 
Ky = 2.24 10” 


For the reaction, SO,(g) + 40,(g) == SO,(g), K, is 
32(atm)"/at 800 K and AH for the reaction is 187.9 kJ 
mol”!. Calculate its value at 900 K, if it is assumed that AH 


remains constant over this Hangs of temperature. 
[Ans. 1.387 atm™!/"] 
The equilibrium constants for the reaction, 
No(g) + 0,(g) === == 2NO(g), at 1727°C and 2227°C are 
4.08 x 1074 and 3.6 x 10° respectively. Calculate the enthalpy 
change for the reaction. (Given, R = 1.987 cal.) 
[Ans. 43273 cal] 
Calculate the equilibrium constant (K, ) for the reaction, 
C(s) + CO,(g) === 2CO(g), at 1300 K from the following 
data: C(s) + 2H,O(g) = CO,(g) + 2H,(g); 
K, (1300 K) = 3.9 atm 
H,(g) + CO;(g) == CO(g) + H,O(g); 
K, (1300K) = 0.7 atm 

fAns. 1.9] atm] 


Hint: [coy _{CO}'TH,O) [Hp }°1CO,] 
me co]? TH PICO, * [OF 
2: 2 2 
=(0.7) x3.9] 


The dendaya equilibrium constant for the reaction, 
PCI,(g) == PCI,(g) + Clo(g), 


is 1.8 x 107’ at 298 K. Calculate its AG® value. 


(Ans. 38.49 kJ mol™'] 


For the equilibrnum, Ag,CO,(s) == Ag,O(s) + CO2(2), 
equilibrium constants are 3.98x10* and 1.41x 107 
respectively at 350 K and 400 K. Calculate the standard 
enthalpy of decomposition. 
fAus. 83.06 kJ/mol] 
The equilibrium constant for the reaction, 

N2(g) + 3H,(g) === 2NH;,(g), 


| 


15. 


16. 


17. 
- [El] 


18. 


. 19. 


20. 


21. 


22. 


at 715 Kis 6.0X 10°. If in a particular reaction, there are 0.25 
mol L"! of H, and 0.06 mol L! of NH, present, calculate the , 


concentration of N, at Supra 

[Ans. [N,]=3.84 mol Ly 

One mole of H,O and one mole of CO were heated in a 10 litre 
closed vessel at 1260 K. At equilibrium, 40% of water was 
found to react in the equation, 


H,O(g) + CO(g) == H,(g) + CO,(g) 


Calculate the equilibrium constant of the reaction. 


[Ans. 0.44] 
[Hint: H,O(g) + CO(g) — C0,(g) + H,(g) 
(1-04) (1-04) 0.4 04 


(at equilibrium)] 
Two moles of PCl; were introduced in a 2 litre flask and 
heated at 600 K to attain equilibrium. PCl, was found to be 
40% dissociated into PC1, and Cl,. Calculate the value of K,. 
[Ans. K, = 0.267 mole L"] 
0.1 mole of PCI, is heated in a litre vessel at.533 K. Determine 
the concentration of various species present at equilibrium; if 


the equilibrium constant for the dissociation of PC], at 533 K - 


is 0.414. 

[Ans. [PCI] = 0.0531 mol L'; [PCI] 

= 0.0469 mol L? ] 

At 1000 K, the equilibrium constant, K,, for the reaction, 
CO(g) + Cl,(g) —= COCI,(g) 

is equal to 3.04. If 1 mole of CO and | mole of Cl, a are 

introduced into a | litre box at 1000 K, what will be the final 

concentration of COCI, at equilibrium? 

fAns. [COCI,] = 0.568 mol L™'] 

Given, that K, = 13.7 at 546 K for 

PCI,(g) == PCI;(g) + Cl,(g), calculate what pressure will 

develop in a 10 litre box at equilibrium at 546 K when 1.00 

mole of PCI, is injected into the empty box? 

{Ans. P= 8.93 atm] 

[Hint: First determine degree . dissociation, then Sealtnte the 


total pressure by applying, P = 7 RT where, n=1+ a] 


= 0.0469 mol L"!: 


In the following reaction, 

2HI(g) ——= H,(g) + L(g) 
the amounts of H,, I, and HI are 7.8 g, 203.2 g and 1638.4 g 
respectively at equilibrium at a certain temperature. Calculate 
the equilibrium constant of the reaction. 
[Ans, 0.019] 
Concentrations of two reactants A and B are 0.8 mol L! each. 
On mixing the two, the reaction sets in at a slow rate to form C 
and D. 

A+B=C+D 


At Sanaa concentration of C was found to be-0.60 mol 


Le os the-equilibrium constant. 

[Ans. =9] 

15 oe ‘ef hydrogen reacting with 5.2 moles of iodine form 
10 g mole of hydrogen! iodide. Calculate the equilibrium 
constant of the reaction. : 

(Ans. K, = 50] 


23. 


24. 


25. 


26. 


27. 


28. 


29. 
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‘In the dissociation of HI, it is found that 20% of the acid is 


dissociated when’ equilibrium i is reachéd. ‘Calculate the value 
of K , for the equilibrium, 

2HI(g) ——= H,(g) + 1,(g) 
[Ans. K, =1.56x107] 
The equilibrium constant of the reaction, 

A+B==—C+D 

is unity. What per cent of A will be transformed if three moles 
of A are mixed with 5 moles of B? 


[Ans. 62.5%] 
{Hint: At equilibrium, 
A + B = C+D 
(3-x) (5-x) oe ae 4 
x 


Find the value of x. % of A transformed = 5 x 100] 


2 moles of A and.3 moles of B are mixed and the reaction is 
carried at 400°C according to the equation, 

A+B 2C 
the equilibrium constant of the reaction is 4. Find the 
concentration of C at equilibrium. 
{Ans. - 2.4 mole] 
A combination of hydrogen and iodine is carried out by 
heating 60 mL of hydrogen and 42 mL of iodine in a closed 
vessel. At equilibrium 28 mL of hydroiodic acid is present in 
the vessel. Calculate the degree of dissociation of HI. 


(Hint: H,(g) + 1(g) == 2HI(g) 
At equilibrium (60-14) (42 -14)- 28 mL 
_ 28x28 _ 14 
“46x28 23 
2Hi(g) —— H,(g) + L(g) 
I-x x/2 x2 (x is he degree of “iation) 
Ke Save ce Da 
ae ee) ee 4 
or a 23 - 1.2817 
Al-x 14 
x =0.72] 


One mole of H,, 2 moles of I, and 3 moles of HI are injected 


in a one litre flask. What will be the concentration of H,,1, 
and H] at equilibrium when K,, is 45.9? 


(Ans. [H,]=0.316 mol L’, [I,]=1.316 mol L', 
[HI] = 4.368 mol L7'] 
[Hint: H,(g) + L(g) —— 2HI(g) 
25 At equilibrium (1- x) (2 -—x) G3 + 2x) 
2 
= _G+2xy = 45.9, 
. (=x) -x) 


On solving, x = 0.684 mole] 

Four moles of hydrogen iodide were taken in a 10 litre flask - 
kept at 800 K. When equilibrium was attained, the mixture 
was found to contain 0.42 mole of iodine. Calculate the 
equilibrium constant for dissociation of HI. 

Ans. K,=1.76x 107] 

The equilibrium constant, K ., for the reaction, 


H,(g) + 1,(g) == 2HI(g) 
is 56.8 at 800 K. When the mixture was analysed, it was found 


31. 


32. 


33. 


34, 
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to contain 0.316 mol/L HI at 800 K. What are the 
concentrations of H, and I, at equilibrium? (Assume that 
initial concentrations of H, and1I, were the same.) 
[Ans. (H,]=[I,]= 0.0419 mol LY 
At same temperature and under a pressure of 4 atm, PCI, is 
10% dissociation. Calculate the pressure at which PCI, will be 
20% dissociated, temperature remaining same. (UT 1996) 
[Ans. 0,96 atm] 
The reaction of the formation of phosgene gas from CO and 
Cl, is as follows: 

CO(g) + Cl,(g) —= COCI,(g) 
In an experiment, starting with equimolecular CO and Cl, ina 
250 mL flask, the equilibrium mixture on analysis is found to 
contain 0.05 mole CO, 0.05 mole Cl, and 0.15 mole COCL. 
Calculate the equilibrium constant of the reaction. 
[Ans. K,=15 mol!L] 
At 35°C and 1 atmospheric pressure, N,O, is 27.2% 


~ dissociated into NO,. What is the value of K p under these 


conditions? 

[Ans. K, = 0.3195 atm ] . 
Nitrogen and hydrogen are added to a 5 litre flask under 
pressure. The flask was sealed and heated. The equilibrium 


mixture contained 19.0 g of ammonia, 0.16 g of hydrogen and ~ 


3.4 g of nitrogen. Calculate the equilibrium constant, K,, of 
the reaction: 
N,(g) + 3H(g¢) = 2NH;(g) 

[Ans. = 5.02 x 10° mol*L’] 

An sul mixture at 300-K contains N,O, and NO, at 
0.28 and 1.1 atm pressures respectively. If the volume of the 
container is doubled, calculate the new equilibrium pressure of 
the two gases. (HIT 1991) 


[Hint: N,0,(g) == 2NO,(g) 


2 2 
- = Pro” _ OD" 439 atm 
(PN 50, ) 0.28 
When the volume is doubled, the pressure becomes half and the 
system again adjusts to achieve equilibrium. 
N,O4(g) == 2NO,(g) 


(28) 2+ 


(0.14 - x) (0.55 + 2x) 


2 
_ 55+ 2x7 _ 4 3, 
P (0.14 =x) 
x = 0.045 


Pw,0, = (0.14 — 0.045) = 0.095 atm 
Pyo, = (0.55 + 2 x 0.045) = 0.64 atm] 


. At 21.5°C and a total pressure of 0.0787 atm, N,O, is 48.3% 


dissociated into NO,. At what total pressure will the per cent 
dissociation be 10.0%? 

[Ans. 2.37 atm] 

(Hint: 
pressure by applying, 


First calculate the value of K é and then evaluate the . 


36. 


37. 


38. 


39. 


40. 


41. 


42. 


43. 


44. 
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At 3000 K, chlorine gas dissociates into chlorine atoms in an 
equilibrium reaction for which K =0.37. What is the 
concentration of chlorine atoms in a vessel that originally 
contained 1.0 mol L™ of molecular chlorine? 
[Ans. [Cl] = 0.54 mol L“'] 
The equilibrium constant K , for the reaction, 

N,(g) + O2(g) —= 2NO(g) 
at 1500°C is 120. IfN, and O, at an initial pressure of 0.25 atm 
each are maintained at 1500°C till equilibrium is established, 
calculate the partial Presse. ° of N,,O, and NO. in the 
equilibrium mixture. 
[Ans. py, = Po, = 0.04; pro = 0.42 atm] 


Find K,, for the following reaction, 
SO,Cl,(g) —= SO,(g) + Che) 


If sulphuryl chloride decomposes to the extent of 91, 2% at 
102°C and total pressure 1 atmosphere. ; = 


[Ans. K, = 4.94 atm] 


If carbon dioxide is 2% 
atmospheric pressure, 


2CO,(g) == 2CO(g) + 0,(g) ° 
Calculate K , for the reaction. 
[Ans. K, = nA. 12x 10° atm] 
At a certain temperature, K, for the reaction, in 


POCI;(g) —= POCK(g) + Cly(g) 


is 0.30. If 0.6 mole of POC], is placed in a closed vessel of 3.0 
litre capacity at this temperature, what percentage of it will be 
dissociated when equilibrium is established? 

[Ans. 68.5%] 

A reaction carried out by 1 mole of N, and 3 moles of Hy. 
shows at equilibrium the mole fraction of NH, as 0:012 at 
500°C and total pressure 10 atmosphere; calculate K,. Also 
report the pressure at which mole -percentage of NH; in 
equilibrium mixture increased to 10.4. 

[Ans. K, =1.431x10™ atm™; P = 105.41 atm] 

The degree of dissociation of N,O, into NO, at one 
atmosphere and 40°C is 0.310. Calculate its K , at 40°C. Also 
report degree of dissociation at 10 atmospheric pressure at the 
same temperature. 

[Ans. - K,, = 0.425 atm; degree of dissociation = 0.1025 ] 

The vapour density of PCl, at 200°C and 252°C are 70.2 and 
57.2 respectively at one atmosphere. Calculate its value of 
dissociation constant at these temperatures. 

[Ans. K, = 0.307, 1.19] 

Some solid NH,HS is placed in a flask containing 0.5 atm of 
NH;. What would be the pressures of NH, and H,S when 


dissociated at 1800°C and 1 


- equilibrium is reached? 


.. NH,HS(s) == NH,(g) + H,S(g); K, = 0.11 
[Ans. NH, = 0.83 atm; H,S = 0.33 atm] (MLNR 1994) 
[Hint: | NH,HS(s) = NH,(g) + H,S(g) 


At equilibrium x+ 0.5 x 


K, =(x + 0.5)x = 0.11) 
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50. 
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Sn0,(s) + 2H,(g) <= 2H O pean + S08) 
For the above reaction find K,,, if at 900 K, the equilibrium 
mixture contains 45% H, by volume. 


[Ans. K, =1,5] 

The equilibrium constant for the reaction is 9.40 at 900°C. 
(zg) + Cis) == CS,(g) 

Calculate the pressure of two gases at equilibrium, when 1.42 

atm of S, and excess of C(s) come to equilibrium. 

[AMS. pos, = 1.28 atm; ps, = 0.14 atm] 

For the reaction, 

CaCO,(s) == CaO(s) + CO,(g) 

K, = 1.16atm at 800°C. If 20.0 g of CaCO, were kept in a 10 

litre container and heated up to 800°C, what percentage of 

CaCO, would remain unreacted at equilibrium? 


[Ans. 34%] 
[Hint: § K, = poo, = 1.16 atm 
_ Ped, - xV...116x 10. = 0137 inol 
RT ‘(0.0821 x 1073: 


Initial amount of CaCO, = oe = 0.2 mol 


Unreacted CaCO, = 0.2 — 0.132 
= 0.068 mol 


% unreacted CaCO, = pas x 100 = 34] 


- In the reaction, C(s) + CO,(g) === 2C0(g), the equilibrium 


pressure is 12 atm. If 50% of CO, reacts, calculate K,. 
[Ans. K, = 16 atm] 
A mixture of 0.373 atm of NO(g) and 0.310 atm of 
Cl,(g) is prepared at 500°C. The reaction, 
2NO(g) + Cl,(g) === 2NOCI, occurs. The total pressure at 
equilibrium is 0.544 atm. Determine K, of the reaction. 
fAns. K,, = 50.08 atm”’] 
For the reaction, 

34(g)+ B(g) == 2C(g) 


at a given temperature, K,, is 9.0. What must be the volume of 
a flask if the mixture of 2.0 moles each of A,8& and C is 


’ obtained at equilibrium? 


fAns. Y = 6 litre] 
‘At 700K hydrogen and bromine react to form hydrogen 


bromide. The value of equilibrium constant for this reaction is * 


5x 10%. Calculate the amount of H,, Br, and HBr ‘at 
equilibrium if a mixture of 0.6 mole of H, and 0.2 mole of 
bromine is heated to 700 K. (IIT 1995) 
(Hint: H,(g) + Br,(g) == 2HBr(g) 

‘Initial 0.6 0.2 ; 

Since, equilibrium constant is very high the reaction will be 
complete and bromine is coasumed. 

Thus, 0.2 mole of Br, and 0.2 mole of H, will be consumed to 
produce 0.4 mole of HBr. This can be falculated by applying law 
of mass action. 


5 


GLa greens = 
[H, Br, | (06 — x)(02 - x) 


x= 06 or 02 — 


«108 


52. 


53. 


54, 


55. 
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The value of x cannot be more than 0.2 as Br, is a limiting 
reactant. Thus, when reaction is complete, 
H, =(0.6— 0.2)=0.4 mol; Br, = 0; HBr = 0.4 mol 
At this point some HBr will dissociate. 
2HBr(g) == H,(g) + By(e) 
At equilibrium (0.4 — 2x) (044+x) (@) 
(Q44+x)xx 1 


(04—2x) 5x108 
or a =2™x 107!°(since, xis very small) 
or x=2x107 
[Br,]=2x107'° mol; [H,]= 0.4 mol; [HBr] = 0.4 mol] 


One mole of H,, two moles of I, and three moles of HI are 


injected in a | litre flask. What will be the concentration of 
H,,1, and HI at equilibrium at 490°C? The equilibrium 
constant for the reaction at 490°C is 45.9, 


fAns. [H,]= 0.316; [I,]=1.316; [HI] = 4.36 mol] 
Solid ammonium carbamate dissociates to give ammonia and 


carbon dioxide as follows: 
NH,COONH,(s) == 2NH,(g) + CO,(g) 


’ At equilibrium, ammonia is added such that partial pressure of 


NH, now equals to the original total pressure. Calculate the 
ratio of total pressure now to the original total pressure. 
[Ans. 314,] 


Two solid compounds A and C dissociate into gaseous product 
at temperature T as follows: \ 
(i) A(s)=—= B(g) + D(g) 


(iil) C(s)== E(g)+ Dig) 
At 20°C, pressure over excess solid 4 is 50 atrn | that over 
excess solid C is 68 atm. Find the tote? pressurc > gases 


over the solid mixture. 
fAns. 84.38 atm] 
Variation of equilibriuy onstant K with temperature ° is 
given by van’t Hoff eqi:. on, 
: ie 


log K = log A - =~ — 
ny. et SSONRE 


A graph between log K and T~! was a straight line as shown 
in the figure and having @=tan™' (0.5) and OP = 
Calculate: 

(a) AH® (standard heat of reaction) when T = #28 kK, 

(b) A (pre-exponential factor), 


log K 


2) . T -i 
(c) Equilibrium constant K at 298 K, 
(d) K at 798 K, if AH® is independent of temperature. 


fAns. (a) 9.574 J mol”; (b) 4 = 10": (0) 9.96 x 10”; 
(d) 9.98 x 10°] 


56. 
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CHEMICAL EQUILIBRIUM 


° 


2.303RT 


It is equation of straight line of the type y= c+ mx 


oO 


(a) log K = log A — 


Slope ‘#7’ = tan 8 = 
2.303R 
_ AH? 
2.303 x 8.314 
AH® = 9.574 J mol”! 


(b) Intercept ‘c = log 4 = 10 


A=10!° 
(c) log K =10 aud 
2.303 x 8.314 x 298 
K =9.96 x 10° 
(d) log Ky = _AH as ae ne 
K,) 2303R\7T, 7, 
K 9.574 ff J 1 
og 5 J | - 
9.96 x 10° 2.303 8.314 (298 798) 


Ky =9.98x 10°] 


When 0.112 mole of NO and 18.22 g of bromine are placed in 
a 1.00 L reaction vessel and sealed, the mixture is heated to 
350 K and the following equilibrium is established: 

2NO(g) + Br,(g) === 2NOBr(g). 
If the equilibrium concentration of nitrosyl bromide is 0.0824 
M, what is K,? , 


On solving, | 


fAns. 106.74] 
(Hint: 18.22 

2NO(g) + Br,(g) === 2NOBr(g); ng,, = —— = 0.1138 
f=0 0.112 0.1138 0 0 «10 


AH OBJECTIVE QUESTIONS 


Set-1: Guesilons with single correct answer 
A reversible reaction is one which: 

(a) proceeds in one direction 

(b) proceeds in both directions 

(c) proceeds spontaneously 

(d) all the statements are wrong 

An example of reversible reaction is: 

(a) Pb(NO,), + 2Nal = Pb], + 2NaNO, 

(b) AgNO, + HCl = AgC] + HNO, 

(c) 2Na + 2H,O = 2NaOH + H, 

(d) KNO, + NaCl = KC] + NaNO, 

Which one of the following is not a reversible reaction? 
(a) 2HI(g) = H,(g) + L(g) 


(b) PCl,(g) = PCI,(g) + Clg) 


(c). 2KCIO,(s) = 2KCI(s) + 303(g) 
(d) CaCO, (s) = CaO(s) + CO2(g) 


‘Which one is not correct for a reversible reaction? 


(a) The reaction is never completed 


57. 


58. 


59, 


(a) active mass 


629° 


0.112-2x] [0.1138—x] 2x 
fe | 1 1 


2x = 0.0824 
[NO] = 0.112 - 2x 
= 0.112 — 0.0824 = 0.0296 M 
[Br,] = 0. 138-8 = 0.0726 M 
2 NOB... 10,0824)? — sia 4] 
“ {NOP[Br,]  [0.0296]°[0.0726] 


Solid ammonium carbamate is put into a closed container and 
allowed to come to equilibrium with the gaseous products at 
35°C, the total pressure is found to be 0.30 atmospheres. What 
is the value of K , for this reaction at 35°C? 

[Ans. 4X10" 4” 

K.,, for the equilibrium of, 


FeO(s) + CO(g) == Fe(s) + CO;(g) 


- at 1000°C is-0.403, if CO(g),-at a pressure-of 1.0 atm and- 
‘excess of FeO(s) are placed in a container at 1000°C. What are 


the pressures of CO(g ) and CO, () when the equilibrium is 
attained? 


[Ans. Peco = = 0.713 atm; Peo; = =0. 287 atm ] 

A mixture of 1.0 mole of sulphur and 0.2 mole of hydrogen is 
heated at 90°C in a one litre flask. The equilibrium constant 
for the formation of hydrogen ‘sulphide, 
H,(g) + S(s) == H,S(g) is 6.8 x 10°. Calculate the partial 
pressure of H,S at equilibrium. 


[Ans. Pus = 0.397 atm] 
(Hint: 


First determine the initial pressure of H, by applying 


h= , / RT = 5.953 atm] 


(b) The reactants are present in the initial stage but after that 
the reactants and products are always present in the 
reaction mixture 

(c) At equilibrium only products are present 

(d) When the reaction is carried out in closed space, it attains 
equilibrium state after suitable time 

The law of mass action was proposed by: 


(a) Guldberg and Waage (b) Le Chatelier and Braun 
(c) Kossel and Lewis (a) van’t Hoff 

The rate at which a substance reacts, depends on its: 

(b) molecular mass" 

(c) equivalent mass (d) total volume 


Active mass is defined as: 


~ (a) number of g equivalent per unit sain: 
--(b) number of g mol per litre 


(c) amount of substance in gram per unit volume 

(d) number of g mole in 100 litre 

8.50 g of NH; is present in 250 mL volume. Its active mass is: 
(a) 1LOML' (b) OS ML'(c) 1LSML'(d) 2.0ML! 
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. (c) stationary state 
. Ina reversible chemical reaction equilibrium is said to have 
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. Theory of ‘active mass’ indicates that the rate of a chemical 


reaction is directly proportional to the: 
(a) equilibrium constant (b) properties of reactants 

(c) volume of apparatus (d) concentration of reactants 
The state of equilibrium refers to: [PMT (Pb) 1993) 
(a) state of rest (b) dynamic state 

(d) state of inertness 


[PET (MEP) 1990] 


been established when the: 


' (a) concentrations of reactants and products are equal 


(b) opposing reactions cease 

(c) speeds of opposing reactions become equal 

(d) temperatures of opposing reactions are equal 

A chemical reaction, A == B, is said to be in equilibrium 

when: 

(a) rate of forward reaction is equal to rate of backward 
reaction 

(b) conversion of A to Bi is only 50% complete 


---(c} complete conversion of 4 to -B-has taken place ~ 


(d) only 25% conversion of A to B has taken place 
The reaction between barium chloride and sodium sulphate goes 
to completion because: 
(a) barium sulphate is almost insoluble 
(b) the solubility. of barium chloride decreases 
(c) lattice energy of barium sulphate is very high 
(d) the reaction is irreversible in nature 
What is the equilibrium constant expression for the reaction, 
P,(s) + 50, (g ) == P,Ojo(s)? 
(Jamia Millia Islamia Engg. Ent. 2007; UPSEE 2007) 


(a) K. i Oro] (b) K as [P,O49 ] 
[P,] [02] 5[P,] [02] 
5 1 
K = 1) ; d K as 
(©) Ke={02] Oka 
Equilibrium constant for the reaction, 
‘HA (g) + L(g) == 2HI(g), is correctly given by the 
expression: ; 
2 
(a) K, = Halla) (6) K, = Hl 
[HY] [H, }[1] 
(© x.- (a) x, - HH 
[H |[12] [H, Jz] 


Equilibrium constant for the reaction, 
2NO(g) + Cla(g) === 2NOCI(g), is correctly given by the 
expression: 


(a) K _ _[NOCI} (b) K= [2NOCT] 
[NOPICl)] (2NO}Ch} 
() K = [NOY +(Ch] (gy x = INOFICH| 
[NOCI] [Nocly? 


For the system, 344+2B==C, 
equilibrium constant is: 


{AvieF 7. -1C1 ps TAPE 
Oa © paper? 11 


‘The equilibrium constants of the reactions, 


SO,(g) + = 0x12) <= $0,(g) 


the expression for 
{JEE (WB) 2007] 
[C] 
(d) 
[A][B] 


‘and = —-280,(g) + O,(g) = 280,(g) 


19. 
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23. 


24, 


_ are K, and K, 


respectively. The relationship between 


K, and K, is: 
(a) Kj =K (b) Kz =K, 
(c) Ki =K, (d) K, = JK; 


The equilibrium constant for the given reaction is 100. 
N,(g) + 20, (g ) == 2NO,(g) 
What is the equilibrium constant for the reaction given below: 


as I 
NO,(g) == 3 Nila) +0O»(g) 
(EAMCET 2009) 


(a) 10 (b) 1 
(c) 0.1 (d) 0.01 
F a the reaction, 2NO,(g) == 2NO(g) + O,(g), 


= 1.810 at 185°C. The value of K,, at 185°C for the 
a ae 
NO(g) + —0,(g) == NO,(g) is) (MILNR 1993) 
(a) 0.9x 10° (b) 1.95x 10% 
(c) 1.95 x 10° (d) 7.5x10 
The equilibrium constant for the synthesis of HI at 490°C is 
50.0. The value of K for the dissociation of HI will be: 
(IVT 1990) 
(dj 020. 25: 


(a) 0.02 (b) 50.0 (c) 0.50 
Consider the following equilibrium, 


1 ar 
SO,(g)+ 5 O2(g) == $03(g); 


Ry 
2803(g ) == 280,(g )+ O2(g) 
What is the relation between K, and K,? [PET (MP) 1993] 


(a) K, - (b) K, = 


1 1 
c)K,=kK d)K, =—~ 
frag I 2 (d) 1 K? 


‘For the reaction AB(g) == A(g)+ B(g), AB is 33%, 


dissociated at a-total pressure of P, Therefore, P is related to 
i {AMU (Med.) 2010] 
(b) P=3K, 
(d) P=8K, 
== A(g) + B(g) 


_ Ag) == 
fy I 0 Ci) 


i 
3 3 3 
=2/3, 7 
Par 4/3 P 


oe as] 


p= 8K, | 
For a system, 4 + 2B — === C, the equilibrium concentrations 
are [4]= 0.06, [B]= 0.12 and [C ]= 0.216. The K, for the 
reaction is: 


(a) 125 
(c) 4x 107 


(b) 415 
(d) 250 


25. 


+ 26, 


27. 


28. 


29, 


30. 
“+ masses) of reactants and products are proportional to: 


31. 


32. 


33. 


34, 


35, 


- (ay 1.99 


. equilibrium constant will be: 


_ CHEMICAL EQUILIBRIUM 


The equilibrium concentrations of x, yand yx, are 4, 2 and 2 


- respectively for the equilibrium 2x + y === yx. The value 


of equilibrium constant, K , is: (EAMCET 1990) 

(a) 0.625 (b) 6.25 (c) 0.0625 (dd) 62.5 

4 mole of A are mixed with 4 mole of B when 2 mole of C are 

formed at equilibrium, according to the reaction, 
A+B>=C+D 

the equilibrium constant is: ~ (CPMT 1992) 

(a) V2 (b) 2 (c) 1 (d) 4 

If the equilibrium constant of the reaction 2HI(g) === H,(g) 

+1,(g). is 0.25, the equilibrium constant of 


_ H(g) + L(g) == 2HI(g), under similar conditions, will be: 


(a) 4.0 (b) 3.0 (c) 2.0 (d) 1.0 

HI was heated in a sealed tube at 400°C till the equilibrium 
was reached. HI was found to be 22% decomposed. The 
equilibrium constant for dissociation is: 

(b) 0.0199. (c) 0.0796 (d) 0.282 

For a reversible reaction if the concéftrations of the reactants 
are doubled at a definite temperature, 
constant will: 
(a) also be doubled (b) be halved 

(c) become one-fourth (d) remain the same 

In a reversible gaseous system, molar concentrations (active 


(a) partial pressure 
(b) total pressure 
(c) amounts’ of reactants and products 
(d) none of the above 
At 3000 K, the equilibrium partial pressure of CO,, CO and 
O, are 0.6, 0.4 and 0.2 atmospheres respectively. K , for the 
reaction, 
2C0,(g) == 2CO(g ) + 0;(g )is : 
[BHU (Mains) 2010] 
(a) 0.088 (b) 0.0533 (c) 0.133 (d) 0.177 
Equilibrium constant depends on: 
(a) the actual quantities of reactants and products 
(b) the presence of a catalyst 
(c} temperature 


_ (d) the presence of inert “iatedial 


For the reaction, H,(g).+ = <== 2HI(g), the equilibrium 
constant, K ,, changes with: 
(a) total pressure 
(b) catalyst 
(c) the amounts of H, and I, taken 
(d) temperature 

2HI(g ) == Hy (g)+h(g) 
The equilibrium constant of the above reaction is 6.4 at 300 K. 
If 0.25 mole each of H, and I, are added to the system, the 
(CET Karnataka 2009) 
(a} 0.8 (b) 3.2 (c) 1.6 (d) 6.4 
3.1 mol of FeCl, and 3.2 mol of NH,SCN are, added to one 
litre of water: At equilibrium, 3.0 mol of FeSCN”* are formed, 
The equilibrium constant K,, of the reaction: 

Fe** +SCN” == FeSCN™*. 


will be : [BHU (Screening) neal. 
(a) 6.66x 10° (b) 0.30 
(c) 3.30 (d) 150 


then equilibrium . 
(CPMT 1990; MLNR 1992). 
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Fe™ + SCN” == FeSCN** 
fy 3b 32 0 
Ol ° 62 3 
beg. —_ — = 
at 1 1 | 
[FeSCN** ] 
“ [Fe ][SCN™ ] 
ae = 150] 
0.1% 0.2 


K , and K, are the equilibrium constants of the two reactions, — 
given below , 


SNAg)+5 24 (g) = NEA (g) 
ae 2NH; (gz) 


Therefore, K, and K7 arerelated by {AMU (PMT) 2009) 
(a) K,=K? (bo) K, = JK; 

(0) K, = 2K, @ K,=K; = 
In which of the following equilibrium K:, and K,, are not 
equal? [CBSE (PMT) 2010] 
(a) 2NO(g) == N,(g) + O2(g) 


(b) SO,(g) + NO, (g) == SO,(g) + NO(g) 

(c) H,(g) + 1,(g) == 2HI(g) 

(d) — 2C(s) + O,(g) == 2C0,(g) * 

‘Select the correct statement from the following: 

(a) equilibrium constant changes with addition of a catalyst 

(b) catalyst increases the rate of forward reaction 

(c) the ratio of mixture at equilibrium does not change by 
catalyst 

(d) catalysts are active only in solution 

In which of the following, the reaction proceeds towards 

completion? (MENR 1990) 

(a) K =1 (b) K =107 : 

(c) K = (d) K =10° 

For the following reaction at 250°C, the value of K, is 26, then 

the value. of K., at the same temperature will be: 

PCl,(g) + Clo(g) == PCI;(g) (MLNR 1990; CBSE 1993) 

(a) 0.57 (b) 0.61 (c) 0.83 (d) 0.91 

In the reaction, PCl;(g) === PCI,(g) + Cl,(g), the amounts 


oD 


of PCI,, PCI, and Cl, are 2 mole each at equilibrium and the 


‘total pressure is 3 atmospheres. The equilibrium constant, Kp 


is: aut 1991) 
(a) 1 atm (b) 2 atm (c) 3 atm (d) 1.5 atm 

In which of the following XK, is less than K ,? 

(ay N,0,(g) == 2NO,(g) 

‘(b) 2HI(g) == H,(g) + L(g) 


(c) 2SO5(g) + Oo(g) == 280;(g) 


— (d) PCIL.(g) == PCI,(g) + Cl,(g) 
For a reversible reaction, the rate constants for the forward and 
backward reactions are 2.38x107 ard 8.15x 10> 


respectively. The equilibrium constant for the reaction is: 

(a) 0.342 (b) 2.92 

(c) 0.292 (d) 3.42 

The equilibrium constant in a reversible reaction at a given 
temperature: 
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46. 
CH, COOH() + C,H,OH(/) == CH,COOC,H,(/) + H,O(/) 


47. 


48. 


49. 


50. 


(a) depends on the initial concentration of the reactants 

(b) depends on the concentration of products at equilibrium 
(c) it is not characteristic of the reaction 

(d) does not depend on initial concentrations 

1.0 g mole of ethyl alcohol and 1.0 g mole of acetic acid are 
mixed. At equilibrium 0.666 g mole of the ester is present. The 
value of equilibrium constant is: [PET (MP) 1993] 


l ] 
(a) a (b) 5 (c) 2. (d) 4 


The equilibrium constant of the reaction, 


is 4. If one mole of each of acetic acid and ethyl alcohol are 
heated in presence of a little concentrated H,SO,, at 
equilibrium the amount of ester present is: |PET (MP) 1992] 
(a) : mole “(b) ; mole 


(c) = 5 mole (d) — mole 


If edi quantities of ethanol and acetic acid are used in the 
following reversible reaction, 
CH;COOH(/) + C,H;OH(/) == CH,COOC,H,(/) + H,O(/) 
the cauiliberan constant will have a which will be? 
(a) Different in all cases 
(b) Same in all cases 
{c) Higher in cases where higher concentration of ethanol is 
used 
(d) Higher in cases where higher concentration of acetic acid 
is used 
The reaction, 
2A(g)+ B(g) == 3C(g)+ D(g) 
is begun with concentration of A and 8 both at initial value of 
1M. When equilibrium is reached, the concentration of D is 
measured and found to be 0.25 M. The value for the 
equilibrium constant for this reaction is given by the 
expression : |CBSE (PMT) 2016] 


* (a) [(0.75) (0.25)] +[(1.00)" (L00)] 


(b) [(0.75)° (0.25)] + [(0.50)" (0.75)] 
(c) [(0.75)* (0.25)] = [(0.50)" (0.25)] 
(d) [(0.75Y'(0.25)] + [(0.75Y (0.25)] 


(Hint: 2A4(g) + Big) == 3Clg) + Dig) 
ty 1 1 0 0 
“iy, 050 0.75 0.75 0.25 
_(CTIP]_ @75)'(025) 

[A][B] (0.50)°(0.75) 


The decomposition of N,O,.to NO, is carried at 280K in 
chloroform. When equilibrium has been established, 0.2 mole 
of N,O, and 2x 107? mole of NO, are present in 2 litre 


solution. The equilibrium constant for the reaction, 
(a) 1x 107 (b) 2x 107 
(c) 1x 10° (d) 2x 107 


The unit of equilibrium constant, K,, for the reaction 


A +B == C would be: 


(a) mol! L (b) molL (ce) mol L (d) no unit 
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For which of the following reactions does the equilibrium 
constant depend on the units of concentration? 


(a) NO(g) == FNelg) +5 0,08) 
(b) CaH,OH()) + CH,COOH(1) ==* CH,COOCH,() 


+ H,0() 
(c) 2HI(g) == H,(g) + 1(g) 
(d) COCI,(g) == CO(g) + Cla(g) 
The units of K,, in the following reaction are: 
N2(g) + 3H,(g) == 2NH;(g) 
(a) atm (b) atm? ~—(c) atm? (d) atm”! 


The equilibrium of formation of phosgene is represented as: 
CO(g) + Cl,(g) == COC, (g) 
The reaction is carried out in a 500 mL flask. At equilibrium 
0.3 mole of phosgene, 0.1 mole of CO and 0.1 mole of C1, are 
present. The equilibrium constant of the reaction is: 
. (b) 15 (c) 5 (d) 3 
In an equilibrium reaction, for which AG? = 0, the equilibrium 
constant K should be equal to: 
(a) zero (b) 10 (c) I ({d) 2 
The equilibrium constant K,, for the homogeneous gaseous 
reaction is 10°, The standard Gibbs free energy change AG° 
for the reaction at 27°C (using R = 2cal K™! mol”) is: 
(a) zero (b) - 1.8 kcal 
(c) — 4.154 kcal (d) + 4.154 keal 
At 500 K, the equilibrium constant for reaction 
cis-C,H,Cl, == trans-C,H,Cl, is 0.6. At the same 
temperature, the equilibrium constant for the reaction 
trans-C,H,Cl, == cis-C,H,Cly, will be: 
(a) 1.67 (b) 0.6 (c} 1.76 (d) 1.64 
Which one of the following oxides is most stable? The 
equilibrium constants are given at the same temperature: 
(a) 2N,0.(g) === 2N,(g) + 50,(g); K =1.2« 10" 
(b) 2N,O(g) == 2N,(g) + O,(g); K =3.5x 10% 
(c) 2NO(g) == N,(g) +0,(g); K =2.2« 10° 
(d) 2NO,(g) === N,(g) + 20,(g); K = 6.71 x 10! 
In a chemical equilibrium, K, = K , when: 
[CEE (Bihar) 1992] 
(a) the number of molecules entering into a reaction is more 
than the number of molecules produced 
(b) the number of molecules entering into the reaction is equal 
to the number of molecules produced 
(c) the number of molecules entering into the reaction is less 
to the number of molecules produced 
(d) none of the above 
In a general reaction, A+B <== AB, which value of 
equilibrium constant most favours the production of AB? 
(a) 9.0x 10° (b) 3.5x 107 
(c) 4.0x 107 (d) 4.0x 10? 
During thermal! dissociation of a gas, the vapour density: 
(a) remains the same 
(b) increases 
(c) decreases 
(d) increases in some cases and decreases in others 


61. 


62. 


63. 


64. 


65. 


66. 


67. 


68. 


69. 


CHEMICAL EQUILIBRIUM 


The vapour density of fully dissociated NH,Cl would be: 

(a) less than half of the vapour density of pure NH,Cl 

(b) double of the vapour density of pure NH,Cl 

(c) half of the vapour density of pure NH,C! 

(d) one-third of the vapour density of pure NH,Cl 

In the dissociation of 2HI == H,+I1,, the degree of 
dissociation will be affected by: 


(a) increase of temperature (b) addition of an inert gas 
(c) addition of H, and I, (d) increase of pressure 
In lime kilns, the following reversible reaction, 

CaCO, (s) == CaO(s) + CO,(g) 


proceeds to completion because of: (CPMT 1990) 


(a) high temperature 


(b) CO, escapes 
(c) low temperature 
(d) molecular mass of CaO is less than that of CaCO, 


‘The equilibrium constant for the reaction, 


CaCO, (s) == CaO(s) + CO,(g), is: 
| 


Ke b = 9 
(a) K, [CO,] (b) K, =[CO,] 
() K. = [CaO][CO, ] (d) K,= [Cals] 
[CaCO, J [CaO][CO, } 


For the reaction, C(s) + CO,(g) == 2CO(g), the partial 
pressure of CO, and CO are 2.0 and 4.0 atm, respectively, at 


equilibrium. The K,, of the reaction is: (IIT 1992) 
(a) 0.5 (b) 4.0 
(c) 32.0 (d) 8.0 


Iron fillings and water were placed in a 5 litre vessel and 
sealed. The tank was heated to 1000°C. Upon analysis the tank 
was found to contain 1.1 g of hydrogen and 42.5 g of water 
vapour. If the reaction in the tank is represented by, 

3Fe(s) + 4H,O(g) === Fe,0,(s) + 4H(g) 
the value of equilibrium constant, K ,, is: 
(a) 30 (b) 0.03 
(c) 3 (d) 0.003 
Ammonium hydrogen sulphide is contained in a closed 
vessel at 313 K when total pressure at equilibrium is found 
to be 0.8 atm. The value of K . for the reaction, 
NH,HS(s) === NH,(g) + H,S(g) is: 
(a) 0.16 (b) 1.6 (c) 0.016 (d) 16 
Variation of K with temperature as given by van’t Hoff 
equation can be written as: 


K, AH jl 1 
(a) log —+ = —- ———_ | — - — 
K, 2.303R}T% Ty 
(eydbe K, AH i 1 1 
K, 2.303R| 7, 7, 
hiss Ky AH Lo] 
K, 2.303R 7, 7, 


(d) none of the above 

When any system in equilibrium is subjected to a change in 
presstire, concentration or temperature, the equilibrium is 
shifted in the direction which tends to undo the effect of the 
change. This statement is known as: 
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(a) First law of thermodynamics 

(b) Le Chatelier’s principle 

(c) Hess’s law 

(d) Ostwald’s law 

Le Chatelier’s principle is applicable to: 

(a) only homogeneous chemical reversible reactions 
(b) ‘only heterogeneous chemical reversible reactions 
(c) only physical equilibria 

(d) all systems, chemical or physical, in equilibrium 
In the melting of ice, which one of the conditions will be more 
favourable? 


(a) High temperature and high pressure 


(b) Low temperature and low pressure 
(c) Low temperature and high pressure 
(d) High temperature and low pressure 
Solubility of a gas in liquid increases on: 
(a) addition of a catalyst (b) decreasing of pressure 
(c) increasing of pressure’ (d) increasing of temperature — 
When KOH is dissolved in water, heat is evolved. If the 
temperature is raised, the solubility of KOH: 
(a) increases (b) decreases 
(c) remains the same (d) cannot be predicted 
The yield of product in the reaction, 
A,(g) + 2B(g) == C(g)+ OKI 
would be higher at: 
(a) low temperature and high pressure 
(b) high temperature and high pressure 
(c) low temperature and low pressure 
(d) high temperature and low pressure 
Manufacture of ammonia from the elements is represented by, 
N,(g) + 3Ho(g) === 2NH,(g) + 22.4 kcal 
The maximum yield of ammonia will be obtained when the 
process is made to take place: 
(a) at low pressure and high temperature 
(b) at low pressure and low temperature 
(c) at high pressure and high temperature 
(d) at high pressure and low. temperature 
In the reaction, 250,(g) + O2(g) === 250,(g) + Xx cal, 
most favourable conditions of temperature and pressure for 
greater yield of SO; are: 
(a) low temperature and low pressure - 
(b) high temperature and low pressure 
(c) high temperature and high pressure 
(d) low temperature and high pressure 
What is the direction of a reversible reaction when one of the 
products of the reaction is removed? 
(a), The reaction moves towards right hand side 
(b) The reaction moves towards left hand side 
(c) The reaction moves equally on both the sides 
(d) The reaction stops 
In the reaction, No(g) + 3H,(g) === 2NH,(g), AH = — 93.6 
kJ, the yield of ammonia does not increase when: 
(a) pressure is increased 
(b) pressure is decreased 
(c) temperature is lowered 


. (d) volume of the reaction vessel is decreased 
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G.R.B. PHYSICAL-CHEMISTRY FOR COMPETITIONS 


A cylinder provided with a piston has some PCI, which-is in 

equilibrium with PCI, and Cl,. The system is compressed with 

the help of piston. Indicate the correct statement: 

(a) some more PCI, will decompose 

(b) the system remains unaffected 

(c): PCI, and Cl, will combine to form PCI, 

(d) explosion occurs 

In the manufacture of nitric oxide, the forward reaction is 

favoured by: 

(a) high pressure 

(c) high temperature 

The reaction, 
C,H,(g) + H,(g) == CH,(g); AH = — 32.7 kcal 

is carried out in a vessel. The equilibrium concentration of 

C,H, can be increased by: + 

(a) increasing the temperature 

(b) decreasing the pressure 


(b) low pressure 
(d) low temperature 


--(c) removing -some-hydrogen,~---= ~~ =.= --g7- 


(d) all of these 
In an exothermic reaction, a 10°C rise in temperature will: 
[PMT (Bangalore) 1993] 
(a) decrease the value of equilibrium constant 
(b) double the value of equilibrium constant 
(c) not produce any change in equilibrium constant 
(d) produce some increase in equilibrium constant 
If K, for a reaction, 
A(g)+ 2B(g) = 3C(g)+ Dig) 
is 0.05 atm at 1000 K, its K,, in terms of R will be: 


5x 10° 


(b) 0.02R (c) 5x 10° R(d) 


Consider'the reaction, CaCO3(s) == CaO(s) + CO,(g) 
in closed container at equilibrium. What would be the effect of 


- addition of CaCO, on the equilibrium concentration of CO,? 


(AITMS 1991) 
(a) Increases 


- (b) Decreases 
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(c) Remains unaffected 
(d) Data is not sufficient to predict it 
XY, dissociates as: 
XY, (g)=—= XY(g)+ Y(g) 
Initial pressure of XY, is 600 mm Hg. The total pressure at 
equilibrium is 800 mm Hg. Assuming volume of system to 


remain constant, the value of K pis (BHU 1992) 
(a) 50 (b) 100 (c) 200 (d) 400 
(Hint: XY,(g) —— XY(g) + Y(g) 

600 — x x x 


600 + x = 800 or x = 200 ] 
Which of the following reactions will be favoured at low 
pressure? 
(a) H,(g) +1,(g) —= 2HI(g) 
(b) No(g) + 3H(g) —= 2NH3(g) 
(c) PCl;(g) —— PCl,(g) + Cl,(g) 
(d) N,(g) + O(g) —= 2NO(g) 
According to Le Chatelier’s principle, adding heat to a solid 
and. liquid in equilibrium will cause the: (MLNR 1990) 
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(a) amount of solid to decrease 
(b) amount of liquid to decrease 
(c) temperature to rise 


“(d) temperature to fall 


For the reaction: 
2A(g) + B(g) — 3C(g)+ Dig) 

two mole§ each of 4 and B were taken into a flask. The 
following must always be true when the system attained 
equilibrium: 
(a) [A]=[B] (b) [A] <[B] 
(c) [B]=[C] (d) [4]>[B] 
In a vessel containing SO, SO, and O, at equilibrium, some 
helium gas is introduced so that total pressure increases while 
temperature and volume remain the same. According to 
Le Chatelier’s principle, the dissociation of SO;: 

(MLNR 1991) 
(a) increases (b) decreases 
(c) remains unaltered -... --- (d)- changes unpredictably -—-- 
The equilibrium, SO,CI,(g) == SO,(g) + Cl,(g) is 
attained at 25°C in a closed container and an inert gas, helium, 
is introduced. Which of the following statements is correct? 


_ (a) Concentrations of SO,Cl,, SO, and Ch do not change 


(b) More Cl, is formed 

(c) Concentration of SO, is reduced 

(d) More SO,Cl, is formed 

The vapour density of undecomposed N,O, is 46. When 
heated, vapour density decreases to 24.5 due to'its dissociation 
to NO,. The % dissociation of N,O, is: 

(a) 40 (b) 57 

(c) 67 (d) 87 


; l Soe, 
K ,/K. for the reaction, CO(g) + 5 O2(8) == CO,(g) is: 


() —- © VRT 


VRT 


(a) RT (d) 1 


For the reactions, 


ABR 13. BK CK SS 
K.. for the reaction A —— Dis: 
(a) 15 (b) 5 (c) 3 (d) 1 
taint: (2321, C323, lls, 
. [4] [B] [C] 
[D ] 


Multiplying all the three, [A] =1x3x 5] 


The equilibrium constant of the reaction, 
H,(g) +1,(g) == 2HI(g) is 50. If the volume of the 
container is reduced to one half of its original value, the 
equilibrium constant will be: 
(a) 25 (b) 50 
(c) 75 (d) 100 
C(s) + H,O(g) —— CO(g) + Hp(g) 
The above equilibrium when subjected to pressure: 
an [PMT (Raj.) 1992] 
(a) remains unaffected 
(b) proceeds in the backward direction 
(c) proceeds in the forward direction 
(d) none of the above 
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(a) 1.2 atm 


CHEMICAL EQUILIBRIUM 


Reaction, A + B —>C + D+ 38 kcal has activation energy 


20 kcal. Activation energy for the reaction, 
C+D— A+ Bis: [PMT (Pb.) 1993] 
(a) .20 kcal (b) —20 kcal 

(c) 18 kcal (d) 58 kcal 


The equilibrium constant for the reaction, 

CaSO, -5H,O(s) == CaSO, :3H,O(s) + 2H,O(g), 
is equal to: 
(a) [CaSO, -3H,O][H,O/ (b) 

[CaSO, -5H,O] - (CaSO, -SH,0] 

(c) [H,O} (d) [H,0] 
One mole of N,O,(g) at 300 K is kept in a closed container 
under one atmosphere. It is heated to 600 K when 20% by 


mass of N,O,(g) decomposes to NO,(g). The resultant 
pressure is: - 


[CaSO, :3H,0] 


(b) 2.4 atm 


(c) 2.0 atm ~ (d) 1.0 atm 
equilibrium 


The constant for the reaction,,. 


- 'No€g) + 0,(g) == 2NO(g) is 4.0 10 at 2000 K. In ‘the 
presence of a catalyst the equilibrium is attained ten times 


faster. Therefore, the equilibrium constant in presence of the 
catalyst at 2000 K is: (MLNR 1994) 
(a) 4x 107 

(b) 40x io 

(c) 4x 107 

(d) difficult to compute without more data ; 
The equilibrium constant for a reaction, A + B ——C +.Dis 
1x10? at 298 K and is 2 at 273 K. The chemical process 
resulting in the formation of C and D is: 

(a) exothermic 

(b) endothermic 

(c) unpredictable 

(d) there is no relationship between AH and K 

The equilibrium constant for the reaction, A + B ——C + D 
is 2.85 at room temperature and 1.4 x 10° at 698 K. This 
shows that forward reaction is: 

(a) exothermic 

(b) endothermic 

(c) unpredictable 

(d) there is no relationship between AH and K 

If E, and £, are the activation energies of forward and 
backward reactions and the reaction is known to be 
exothermic, then: 


(a) E, >E, 

(b) E f<F, 

(c) E pat, 

(d) no relation can be given between E , and E, 

K , for a reaction at 25°C is 10 atm. The activation energy for 

forward and reverse reactions are 12 and 20 kJ/mol 

respectively. The K , for the reaction at 40°C will be: 

(a) 433x107! M (b) 3.33x 10° M 

(c) 3.33x10' M (d) 4.33 10° M 

Concentration of pure solid and liquid is not included in the 

expression of equilibrium constant because: 

(a) solid and liquid concentrations are independent of their 
quantities 
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(b) solid and liquids react slowly 
(c) solid and liquids at equilibrium do not interact with 
gaseous phase : 
(d) the molecules of solids and liquids cannot migrate to the 
gaseous phase 
For an equilibrium reaction involving gases, the forward 
reaction is first order while the reverse reaction is second 
order. The units of K , for forward equilibrium is: 
(a) atm (b) atm? (c) atm! = (d) atm 
At temperature T, a compound AB,(g ) dissociates according - 
to the reaction: 
2AB,(g)=—= 2A4B(g)+ Ba(g) 
with a degree of dissociation ‘x’ which is small as compared to 
unity. The expression for K ,, in terms of ‘x’ and total pressure 
‘P’ is oe 
2 


3 
| Px! ee 7 
ee are 


40% mixture of 0.2 mole of N, and 0.6 mole of H, react to 
give NH, according to the equation: 
N,(g) + 3H>(g) —= 2NH;,(g) 

at constant temperature and pressure. Then the ratio of the 
final volume to the initial volume of gases is: 
(a) 4:5 (b) 5:4 
(c) 7: 10 “(d) 8:5" 
Two systems, 

PCI,(g) —— PCl3(g) + Clo(g) 
COCI,(g) —= CO(g) + Cl(g) 
are simultaneously in equilibrium in a vessel at constant 
volume. If some CO(g) is introduced in the vessel at constant 
volume, then at new equilibrium, the concentration of: 
(a) PCI, is greater (b) PCl, remains unchanged 
(c) PCI, is less (d) Cl, is greater ; 
For the reaction, [Ag(CN),[ == Ag*+2CN’, the 
equilibrium constant. K, at 25°C is 4x107'%; then Ag* 
concentration in a solution which has 0.1 M KCN and 0.03 M 
AgNO, is: 
(a) 75x 10'8 (b) 7.5x10°'8 
(ey 75%10" (d) 75x10 . 
When NaNO, is heated in a closed vessel, oxygen is liberated 
and NaNO, is left behind. At equilibrium: 
(a) addition of NaNO, favours reverse reaction 


and 


.(b) addition of NaNO, favours forward reaction 


(c) increasing temperature favours forward reaction 
(d) decreasing pressure favours reverse reaction 
For the reaction, 


CuSO, -5H,O(s) == CuSO, -3H,O(s) + 2H,0(g) 
which one is the correct representation? 
(a) Kp =I Pujol (b) K, =[H,O} 
(c) K, =K (RT? (d) All of these 
Which one is the correct representation for, 
2S0,(g) + O2(g) —= 280,(g)? 
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G.R.B. 
2 
(a) K, = [ Pso3T 
[ Pso, TT Pos] 
[so;]}’ 
ND ope aaa 
© [80,7102] 
vie a 
() K,= 8 | r | 
["50, F["0, ] Total mole 


(d) All of the above 
For the reaction, 

PCI,(g) == PCI; (g) + Cl,(g) (LIT 1991) 
The forward reaction at constant temperature is favoured by: 
(a) introducing inert gas at constant volume | 
(b) introducing chlorine gas at constant volume 
(c) introducing an inert gas at constant pressure ‘ 
(d) none of the above ; 
In a flask colourless N,O, is in equilibrium with brown 
coloured NO,. At equilibrium, when the flask is heated to 
100°C the brown colour deepens and on cooling, the brown 


-- colour became less-coloured. The change in enthalpy AH for 
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the system is: 

(a) negative (b) positive (c) zero 

Le Chatelier’s principle is not applicable to: 
(a) Fe(s) + S(s) —— FeS(s) 

(b) H,(g) +1,(g) == 2HI(g) 

(c) N,(g) + 3H,(g) —— 2NH;(g) 

(d) N,(g) + O,(g) == 2NO(g) 

Densities of diamond and graphite are 3.5 and 2.3. g/mL 
respectively. Increase in pressure on the equilibrium 


(KCET 1993) 
(d) not defined 


mee . 
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(c) [H)]>{N2] 


(a) favours backward reaction 
(b) favours forward reaction 
(c) has no effect 
(d) increases the reaction rate 
For the reaction, N. + 3H, —— 2NH,; in a vessel, after the 
addition of equal number of moles of N, and°H, equilibrium 
state is achieved. Which of the following is correct? 
(a) [H,]= [Np] (b) [Hy] <{Np] 
(d) [Hy] > [NH] 
If'pressure is applied to the equilibrium of solid == liquid, 
the melting point of the solid: 
(a) will not change 
(b) may increase or decrease depending upon its nature 
(c) will always increase 
(d) will always decrease 
If concentrations of Nj, H, and NH; are: 1, 2 and 3 
respectively, their concentration at equilibrium will be: 
N, + 3H, == 2NH, 


(a) (=x) (23x) 2x 
(b) (1-xf3), (=x) 2x/3 
(c) (1- x) (2~x) (3 + x) 
(d) (=x) | (23x) (3+ 2x) 


Areaction attains equilibrium, when the free energy change i is: 
(a) zero (b) positive and large ~~ 
(c) negative and small (d) negative and large 
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PHYSICAL CHEMISTRY FOR COMPETITIONS 


If 340 g of a mixture of N, and H, in the correct ratio gave a 


_ 20% yield of NH;, the mass produced would be: 


(alé g (b) 17g (c) 20g (d) 68g 
If the pressure of N, / H, mixture in a closed apparatus is 100 
atm and 20% of the mixture then reacts, the pressure at the 
same temperature would be: 
(a) 100 (b) 90 (c) 85 (d) 80 
The equilibrium constants for the reaction, Br, —— 2Br, at 
500 K and 700 K are 1x 10°!° and 1x 10° respectively. The 
reaction is: 
(a) endothermic 
(c) fast (d) slow 
If the concentration of OH ions in the reaction:. 

Fe(OH); (s) == Fe** (ag.) + 30H (aq.) 
is decreased by Y, times, then equilibrium concentration of 
Fe>* will increase by: |CBSE (PMT) 2008] 
(a) 64times (b) 4times (c) 8times  (d) 16 times 
K, for 4+ B==C+D is 10 at 25°C. If a container ~~ 
contains 1, 2, 3 and 4 mol per litre of 4,B,C and D 
respectively at 25°C, the reaction shall: 
(a) proceed from left to right (b) proceed from right to left 
(c) be at equilibrium (d) none of these 
In the preparation of CaO from CaCO, using the equilibrium, 

CaCO;(s) == CaO(s) + CO;(g) 

K , is expressed as: 


log K, 


(b) exothermic 


= 7.282 — 250 
. 


For complete decomposition of CaCO, the temperature in 
celsius to be used is: 


(a) 1167 (b) 894 
(c) 8500 (d) 850 +, 
To the system, es 


LaCl,(s) + H,O(g) == LaClO(s) + 2HCI(g) — heat 
already at equilibrium, more water vapour is added without 
altering T or V of the system. When equilibrium is 
re-established, the pressure of water vapour is doubled. The 
pressure of HCI present in the system increases by a factor of : 
(a) 2, (b) 2 3 (d) 4 
For the chemical reaction, 

3X (g)+ ¥(g) == X3V(g) 
the amount of XY at equilibrium is affected by: UT 1999) 
(a) temperature and pressure 
(b) temperature only 
(c) pressure only 
(d) temperature, pressure and catalyst 
In a 500 mL capacity vessel CO and Cl, are mixed to form 
COC). At equilibrium, it contains 0.2 mole of COCI, and 
0.1 mole of each of CO and Cl,. The equilibrium constant K , 
for reaction, CO + Cl, —— COCL, is: (CBSE 1998) 
(a) 5 (b) 10 (c) 15 (d) 20 
The partial pressures of CH,OH, CO and H, in the equilibrium 
mixture for the reaction, 

CO + 2H, ——= CH;0H 


~ at 427°C are 2.0, 1.0 and 0.1 atm respectively. The value of K > 


for the decomposition of CH,OH into CO and H,j is: 
(IIT 1999) 
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' CHEMICAL EQUILIBRIUM 


(a) 1x 10? atm (b) 2x 10° atm?! 
(c) 50 atm’ (d) 5x 10° atm? 
8 mole of a gas AB, are introduced into a 1.0 dm? vessel. It 
dissociates as: 

24B;(8) == A2(g) + 3B,(g) 
At equilibrium, 2 mole of A, are found to be present. The 
equilibrium constant of the reaction is: (UIT 1997) 


(a) 2 mol? L* (b) 3 mol? L? 
(c) 27 mol”? L? (d) 36 mol? L? 


At constant temperature, the equilibrium constant (K , )for the 
decomposition reaction, 
N,O, == 2NO, 


~ is expressed by: 


= 4x°P 
7 G-x4) | 
Where, P = pressure, x = extent of decomposition. Which one 
of the following statements is. true? {IIT (Screening) 2000] 
(a) K,, increases with increase of P 


" (b) K,, increases with increase of x 


(c) K,, increases with decrease of x 
(d) K, remains constant with change in P and x 
Cov ‘der the reactions, 


NO,(g) == 5 No(g) + O2(8) Ky 


N,O,4(g ) == 2NO,(g) K, 
-Give the equilibrium constant for the formation of N,O, from 
N, and ie (DCE 2006) 
K 
(aX (b) rar (d) 
Ky K, 2K, K, - 4 K, 
(Hint: 


NO,(g) == ; N3(g) + On(g) Ky 


N,(g) + 20,(g) == 2NO,(g)  K=—4 on 


Ky 
N20, (g) == 2NO,(g)_—K; 


—N,0,(g)  K=— (ii) 


2NO3 (8) r; 
Adding eqs. (i) and (ii), 2 
i 1 
N,(g)+ 20,(¢) == N,O0 K=—x— 
No(g) ag) 704(8) rz K,! 


Phosphorous pentachloride dissociates as follows: 
PCI; (g ) —= PCI,(g) + Cl,(g). 
If total pressure at equilibrium is P and the degree of 
dissociation of PCI, is x, the partial pressure of PCl, will be: 
(AIEEE 2006) 


(2; mall w (7 |? (2 \p @( +} 


At f= 0a vessel (volume 1 litre) contains 1 mole N,, 3 mole 


Ay and 2 mole NH. The value of K . for N. + 3H, == 2NH; 


is 17.5 L? mol. Then: ; 

(ay wiel gaseous weight at equilibrium is more than 68 g 

(b) total ron.her of moles (gaseous) at equilibrium are more 
than 6 moles 
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, I, ) where, M is average molar 


(c) “ is +ve for t € (0, T. 
mass of the reaction mixture 

(d) total gaseous weight at equilibrium is less than 68 g © 

A vessel (volume = 2 L) contains 60 g of water gas. When 
steam is passed through the vessel, the reaction, 
CO + H,O== CO, + H, occurs and equilibrium is attained: 


(@) - 


(b) ; + n(CO) = 4 (at any instant) 


< | (at equilibrium) 


(c) os > 0(where, is average molar mass of gas mixture 
t 


before the attainment of equilibrium) 
dM 

d) —— <0 

(d) ‘7 . 


A vessel contains CO, and CO with pressures 2 atm and 3 atm 
respectively at 27°C. At a temperature of 2727°C, the reaction 
2CO(g) == CO,(g) + C(s)_ occurs 
attained. If the equilibrium pressure is 45 atm, then: 
(a) K, =2/9 atm”! 


(b) Peo: Pco, = hie Sat equilibrium . 
(c) K, =16 atm”! 


(d) %. dissociation of CO = 0.333 
A vessel (volume 8.2 L) contains H,(g) at 2 atm. pressure. 


’ When H,S(g) at a pressure of 4 atm is introduced into the 


vessel, the reaction, 8H,S(g) === 8H,(g) +S, (s) occurs at a 
temperature of 2000 K. It is found that: 


te 7 [sens 

n(HS) at equilibrium n(H3) atr=0 

{a) maximum weight of solid formed is 32 g 

(b) maximum weight of solid formed is 0.32 g 

©) K,=K, RT 

(d) K. = 256 

N,(g) eal H,(g) are taken in a vessel in mass ratio of 7: 1. 


The only reaction N, + 2H, === N,H,(g) occurs. Pressure 


due to NH, at equilibrium is 0.2 times of total pressure ‘P’. 
Then at equilibrium: 

(a) partial pressure of N, = 2P/15 

(b) partial pressure of H, = 8P/25 

(c) 2px, = Pu, 

(d) py, =2Pu, 


‘In the equilibrium, SO,CL, == SO, + Cl, at 2000 K and 10 


atm pressure, % CL, = % SO, = 40 by volume. Then: 


-(a) K, =2 atm 


(6) n(SO,Cl,) _ 1 
n(SO,) 

(c) K > 8atm 

(d) n(SOCI, )= n(SO,)= n(Cl,) 

A 20 litre box contains Os é and O, at equilibrium at 202 K. 

K,=2x 10'* for 20; == 30). Assume that po, >> Po, 

nd total pressure is 8 atm; the partial pressure of O, is: 

(a) exactly 1.6 10° atm 


(b) sufficiently less than 1.6 x 10°° atm 


at equilibrium 


and equilibrium. is—~- 
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(c) slightly more than 1.6 x 10° atm 
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7 (a) 1/2 
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_ the value of equilibrium constant for 4 == 
(a) K,+K,+K;, 


_ Which oxide is most stable? 


(d) very slightly less than 1.6 x 10° atm 

For. the reactions, A= 8,B =“ C and eos =— D, 
equilibrium constants are K,,K. and K, respectively. What is 
yo Ri 

(b) K, X Ky x K; 


(c) K at (d) None of these 


10,; K =23x108 


f 


DO==. ll On; K =1.4x 107). 
De oe * 


() CO | @ DO 


(a) AO (b) BO 
Which graph will show equilibrium condition? 
@) & (b) & 
se ; x 
Time —> - Time —> 
(c) 8 (d) None of these 


Time —» 


For the reaction, N, + O, === 2NO equilibrium constant 
K,, = 2. Degrees of dissociation of N, and O, are: 


fates, gece als 
LEN? 1a i212 
1 Ns 
(c) both are - (d) ———= , —= 
1+ 2 fev2 12 
A == 28,K,; Co—D+E,K,. If degrees of 
p = 2K,,, then the 


dissociation of A and C are same and K 
ratio, of total pressure p/p’ = ? 
(b) V3 (c) 1/4 (d) 2 
Equilibrium constants for four different reactions are given‘as: 
K, = 10°, K, =10%, K, =10, K, = 1. Which aeeton will 
take maximum time to attain equilibrium? 
(a) K, = 10° (b) K, =10" 
(c) K, =10 (d) K,=1 
Solubility of a solute in water is dependent on temperature as 
given by, as : 1% 

S = Ae *”'®? where, AH = heat of solution 

Solute + H,O(/) == Solution, AH = tx 

For a given solution, variation of log S with temperature is 
shown graphically. Hence, solute is: 


149. 


150. 


151. 


152. 
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(a) CuSO, -5H,O 


(b) NaCl ee | 
(c) sucrose log S 
(d) Cad ae 


i 
CH, — C—CH;(g) == CH, — CH; (g) + CO(g) 
Initial pressure of CH,COCH, is 100 mm. When equilibrium 


is achieved, the mole fraction of CO(g )is 1/3 hence, K,, is: 


(a) 100mm (b) 50mm = (c) 25mm (d) «150 mm 
In which of the following equilibrium, change in the volume 
of the system does not alter the number of moles? 

(ATEEE 2002) 
(a) N,(g) + O.(g) == 2NO(g) . 
(b) POL (oy > PCL 4 Clie) ss 
(c) N(g) + 3H2(g) == 2NH;(g) 
(@) — SO,C1,(g) == S0,(g) + Cl,(g) 
What are the ais favourable conditions for the reaction; 


$0O,(g) es = On(8) = — $O3(g); AH? = = 


to occur? |{DPMT 2002; JEE (Orissa) 2: 

(a) low temp. and high press. (b) low temp. and low press. 
(c) high temp. and low press.(d) high temp. and high press. . 
Consider the following reactions in which all the reactants and 
products are in gaseous state 


2PO == P, +0; K, =2.5x10 
PQ+2R) == POR Ks=5x 10" 


The value of K, for the equilibrium : 


1 
—P, $203 +4, == POR is: 
Do Bee [PET (Kerala) 2010] 
(a) 25x 10° (b) 25x 10° 
(c) 10x 107 (d) 5x10° 
(e) 5x 107 
‘ 1 1 tee ] 
[Hint: shat ee <== PO K= a 
PO+ SR = POR Ky 
1p++0+1R, <= POR K 
ght 7 et k 2. K;= i * 2 
ee 
(2.5x 10°)!” 
=1'107] 


Consider the following equilibrium in a closed container, 
N,O,(g) == 2NO,(g) 

At a fixed temperature, the volume of the reaction container is 

halved. For this change, which of the following statements 

holds true regarding the equilibrium constant (K ,, )and degree 

of dissociation (a )? (UT 2002) 

(a) neither K , nor ‘a’ changes 

(b) both K,, and ‘a’ change 
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~'(c) K,, changes but ‘o:’ does not 


(d) K, does not change but ‘a’ chapess 
For the reaction, PCl,(g) + Cl,(g) === PCI, (g), the position 
of equilibrium can be shifted to the right by: 
[PET (MP) 2004] 
(a) doubling the volume 
(b) increasing the temperature 
(c) addition of equimolar quantities of PCL, and PCI, 5 
(d) addition of Cl, at constant volume 
The most favourable condition for the manufacture of NH, is: 
, [CECE (Bihar) 2004] 
(a) high temperature and high pressure 
(b) low temperature and low pressure 
(c) high temperature and low pressure 
(d) low temperature and high pressure 
The chemical equilibrium of a reversible reaction is not 
influenced by: (KCET 2004) 
(a) catalyst <= -- —-»+- (b) pressure - 
(c) temperature (d) concentration _ 
Which of the following change will shift the reaction in” 
forward direction? 
1,(g) == 21(g); AH° = +150 kJ (ALLMS 2004) 
(a) Increase in total pressure 
(b) Increase in temperature 
(c) Increase in concentration of / 
(d) Decrease i in concentration of /, 


Kk, 
For the reaction, CO(g) + Cl,(g) === COCI,(g) , the zi is 


( 


equal to: (AIEEE 2004) 
(a) \/RT = (b) RT (c) VRT (d) 1 
The equilibrium constant for the reaction, 
N(g) + 02(g) === 2NO(g) 
at temperature T is 4 x 10°. 
The value of K . for the reaction, 
gab i 
NO(g) == 3 N2(g) + 2 O,(g) 
at the same temperature is: (ALEEE 2004) 
(a) 2.5x 10° (b) 50 (c) 4x 10% (d) 0.02 


2 moles of N, are mixed with 6 moles of H, ina closed vessel 
of one litre capacity. If 50% N, is converted into NH, at 
equilibrium, the value of K , for the reaction, 


N,(g) + 3H,(g) === 2NH,(g) 
[PMT (Kerala) 2004]. 
(a) 4/27 (b) 27/4 
(c) 1/27 (d) 27 
(e)9 


For the reaction, H2(g) + CO,(g) === CO(g) + H,O(g), if 
the initial concentration of [H,] = [CO] and x mol/litre of H, 
is consumed at equilibrium, the correct expression of K , is: 
[JEE (Orissa) 2005] 

2 2 2 5) 

x (L+x) x x? 


d 
(I-xy (i-xy a . 


. (2+xy jaz 


162. Partial pressure of O, in the reaction, 


163. 


164. 


165. 


166. 


~ (a) 0.532 


For the reaction: 


2Ag,0(s) == 4Ag(s) + O,(g) 
is: (DCE 2005) 


@K, (JK, ©YK, (2K, 


Two moles of PCI; are heated in a closed vessel of 2 litre 
capacity. When the equilibrium is attained 40% of it has been 
found to be dissociated. What is the value of K,, in mol/dm?? 


|PET (Kerala) 2005] 


(b) 0.266 —(c) 0.133 (d) 0.174 
(e) 0.25 
(Hint: PCI;(g) === PCI,(g) + Cla(g) 
f= 2 0 ie) 
leg. 2 ~ 08 08 08 
2 2 . 2 
0.8 08 
- [PC],][Cl,]_ 7 “3 _ 0.64 ie) 
[Pcl] 12 2.4 


a 


2NO,(g) === 2NO(g) + 03(g) 


‘K. =1.8x 10° at 184°C 


/R = 0,0831k] K™ mol 
when, K . and K , are compared at 184°C it is found that: 
(AIEER 2005) 
(a) K , is greater than K, 
(b) K, is less than K, 
(c) K,=K, 
(d) whether K,, is greater than, less than or equal to K, 
depends upon the total gas pressure 


(Hint: K,=K, (RT)™ 
An=3-2=1 
K, =K, (RT )! 
K,>K,] 


NH,COONH,(s) === 2NH;(g) + CO,(g). If equilibrium 
pressure is 3.atm for the above reaction; K ,, will be: 

(DPMT 2005) 
(a) 4 (d) 1/27 


(Hint: 


_ (b) 27 
Pxu, * Pco, =2:1 
Ns = 2 atm: Pcon = ]atm 
=[ pn, I'Lpco, I= 2’ x1=4] 
A+B met C + D. If initially the concentration of A and B 
are both equal but at equilibrium, concentration of D will be 


twice of that of 4, then what will be the equilibrium constant 
of the reaction? _ [BHU (Pre.) 2005; JIPMER 2006} 


(c) 4/27 


4 9 1 
a)— fb) — c)— dj4 
@; 4 (5 (d) 
(Hint: A+ Bm cC+iD 
7=0 a a 0 0 
leq O78 a-x x x 
x= 2(a-x) 
3x = 2a 
xXx _ seria 
(a—xfa—x) x 
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15 moles of H, and 5.2 moles of 1, are mixed and allowed to 
attain equilibrium at 500°C. At equilibrium, the concentration 
of HI is found to be 10 moles. The equilibrium constant for the 


formation of HI is: (KCET 2005) 
(a) 50 (b) 15 (c) 100 (d) 25 
(Hint: H, + tL == 2HI 

1=0 15 5.2 0 

beg 15-5 5.2 -5 10 

2 
= (Ht? _ 100 _ 250] 
[H,]{l,] 10x 0.2 


For the reaction: 2NOCI(g) == 2NO(g) + Cl,(g), K, at 
427°C is 3 x 10° L mol"'. The value of K,,, is nearly: 
(AIIMS 2005) 
(a) 7.5x 10° (b)2.5x 10% (c)2.5x 10% (d)1.75x 10+ 
For the chemical equilibrium, 
CaCO3(s) == CaO(s) + CO,(g) 
AH z can be determined from which one of the following plots? 


(AIIMS 2005) 
3S 3 
ey - 6 
oO o 
qo ® 
D D 
2 2 
1/T —> T— 
(a) (b) en 
3 
e Poo, 
D 
Ke) 
log T —> A/T —. 
(c) (d) 
[Hint: CaCO,(s) — = CaO(s) + CO,(g) 
K, = Foo, 
According to Arrhenius equation: 
K=A ge Air RT 
log K, =log A - r 
ee PAOaR 
AH? 1 
log Pag, = log A L . (i 
8 CO, S 2.303R T (i) 
Y=C+MX 


Graph (a) represents (i) and its slope will be used to determine the 
heat of the reaction. ] 
In gaseous reversible reaction, 

N,(g)+ O,(g) == 2NO(g) + Heat 
If pressure is increased, then the equilibrium constant would 
be: [UGET (Manipal, Medical) 2006] 


’ (a) unchanged 


(b) increased 
(c) decreased . 
(d) sometimes increased, sometimes decreased 


171. 


172. 


173. 


174. 


175. 


176. 


177. 


If the equilibrium constant for the reaction, 
N,(g)+3H,(g ) = 2NH;(g) 
at 750 K is 49, then the equilibrium constant for the reaction, 


l 3 
NH (g)<—= 5 No(g) + 5 Ho(g) 


at the same temperature is: [PMT (Kerala) 2006] 
(a) 1/49 (b) 49 (c) 7 (d) 49? 
(e) 1/7 


The equilibrium constant for the reaction, 
s eae 
SOMe)s— SOi(e) + Onl) 
isK, =4.9x 10, . 


The value of K , for the reaction, 
2S0(g) + Or(g )== 280;(g) 


will be: (AIEEE 2006) 
(a) 416 (b) 2.40 x 10% 
(c) 9.8 x 10 (d) 4.9x 10 


1 3 
(Hint: SO3(g) = SO.(g) + 5 Ox(g); K,= 49x10 : 


1 2 
Es | Say 
4.9x 10° 


: = 416.5 = 416] 
For a reaction, H,(g)+I1,(g)—= 2HI(g) at 721 K, the 
value of equilibrium constant is 50. If 0.5 mol each of H, and 
I, is added to the system, the value of equilibrium constant 
will be: [WMMC (Safdarjung) 2006] 
(a) 40 (b) 60 (c) 50 (d) 30 
(Hint: . Equilibrium constant does not change on adding the 
reactant. ] 
In the reaction, H,(g)+1,(g) = 2HI(g), in a 2 litre flask 
0.4 mole of each H, andI, are taken. At equilibrium 0.5 mole 
of HI are formed. What will be the value of equilibrium 
constant K ,? [PMT (Raj.) 2006] 
(a) 20.2 (b) 25.4 (c) 0.284» (d) 11.1 
For. the reaction, Hs (g ) + L,(g ) = 2HI(g), the equilibrium 
constant K , changes with: (VITEEE 2007) 
(a) total pressure (b) catalyst 
(c) the amount of H, andI, (d) temperature 
Given the equilibrium system, 
NH,Cl(s) == NH; (aq.) + Cl (aq.) 

; (AH® = +3.5 kcal/ mol) 

what change will shift the equilibrium to the right? 
(VITEEE 2007) 


2$0,(g) + O3(g) == 280;(g); 


(a) Decreasing the temperature 

(b) Increasing the temperature 

(c) Dissolving NaCl crystals in equilibrium mixture 

(d) Dissolving NH,NO, crystals in the equilibrium mixture 
The equilibrium constant (K 7) for the decomposition of 
gaseous H,O: 


H,O(g)—— H,(g)+ 50: (g) is related to degree of 


dissociation (& ) at a total pressure P is given by: 
[PMT (Kerala) 2007] 


178. 
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3 pl/2 93/2 
(a) ee (b) XK, =— oF 172 
(+a)(2+a)! “1-a)(2+a) 
3/2 p2 io 342 1/2 ; 
(c) Kp= ar ae een a 
(l-a)(2+a) “ (l-a)2+a) 
2 : 
a*P 
(e:) K, == 
: B ) 
. insane 1 
[Hint: H,O(g) == H,(g) + 5 O28) 
t=0° 1 0 9 
be l-a" a a2 
In=1-a+a4 Za1+$=(242) 
2 2 


¢ MH40 
W2 . V2 
aX (2) - er 
= 2 ?P 
(-a) 2: =) 
} 2 
oo! 2pl2 


“dora 
The equilibrium constant for the reaction, 


2NO,(g) == 2NO(g) + O,(g)is 2x 10° at 185°C 
Then, the equilibrium constant for the reaction, 


ANO(g) + 203 (g) == 4NO,(g) at the same temperature 
"would be: 


[PET (Kerala) 2007] 
(a) 2.5x 10° (b) 4x 10°" (c) 2.5x 10'! (d) 2x 10° 
(e) 5x10 
1 mole of H, and 2 mole of], are taken initially in a 2 L vessel. 
The number of moles H, at equilibrium is 0.2. Then, the 
number of moles ofl, and HI at equilibrium are: 

[PMT (Raj.) 2007| 
(a) 1.2,1.6 (b) 1.8,1.0 (c) 04,2.4 (d) 0.8, 2.0 
The dissociation equilibrium of a gas AB, can be represented 
as, 

2AB,(g) = 24B(g)+ Ba(g) 

The degree of dissociation is x and is small as compared to 1, 
The expression relating the degree of dissociation (x) with 
equilibrium constant K , and total pressure P is: 


(a) (2K yey (b) K JP (c)2K,/P - (d) OK ip)! 3. 
[CBSE (PMT) 2008] 
(Hint: —_24B,(g) ==> 2AB(g) + Ba(g) - 
lo 2 0 0 
tg, -2(1-x) 2x x :~-Total moles =2+x 
Partial 2d-x 2x * 22 
pressure wee Weis 2+ 


2 P 
_ Pan™ Pa, | 2+) 2+ x) 
x pe! Tatar 
AB» [2 xe 
2+x 


_ 4x°-x P 
4(2+x)(1-x/ 
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- equilibrium ? (K = equilibrium constant) 
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— Qtx)=2,(1-x)41 

K, _ Pe 

2 

In which of the following reactions, the concentration of the 
product is higher than the concentration of reactant at 
(ALIMS 2008) 
(a) AT — 8B; K=0001 OMEN; K=10 
(ce) X == ¥Y; K=0005 @R=—P; K=0.01 
1.6 mole of PCI,(g) is placed in 4 dm? closed vessel. When the 
temperature is raised to 500K, it decomposes and at 
equilibrium 1.2 mole of PC1,(g) remains. What is the K, value 
for the decomposiaan of PCI;(g) to PCI; (g) and cl) at 


“x= (2K,/P)?] 


500K? IPECr Cheralas 24 SANG 
(a) 0.013 (b) 0.050 (c) 0.033 (d) 0.067. 
(e) 0.045 


Consider the following ‘statements regarding chemical 
equilibrium: 7 
1. For the gaseous reaction, the equilibrium can be establist. 

in open vessel. : 
2. The state of equilibrium is dynamic in nature. 
3. If temperature is kept constant, the colour of the PeaCDS, 

system changes with time. 
Which of the statements given above is/are correct? _ 

SCRA 2009) 

(a) 1° (b) 2.only 
(c) 3 only (d) 2 and 3 only 
The dissociation constants for acetic acid and HCN at 25°C 
are 1.5x10° and 45x10 respectively. The equilibrium 
constant for the equilibrium: 


CN” + CH,COOH == HCN + CH,COO™ 


would be : |CBSE (PMT) 2009] 
(a) 3x104 (b) 3x 10° 
(c) 3x10 (d) 3x10 


[Hint : Given 

(i) CH,COOH == CH,COO' +H" K, 
(ii) HCN == H’+CN™ 
Gii) H'+CN” 


=15x10° 
K, =45x10""° 
eae 


K, 45x10 


K,= 
Adding (i) and (iii) we get 
CH;COOH + CN == CH,COO + HCN 
HLS" ti 
4.5x 10" 
= 3x10°] 
One mole of N,O, is heated in a flask with a volume of 0.1 


*. dm*. At equilibrium, 1.708 mole of NO, and 0.146 mole of 


186. 


N,O, were found 134°C. The equilibrium re will be: 
{PPE ey ‘y ° 2604 rat ) 

(a) 250 mol dm? (b) 300 mol a 

(c) 200 mol dm (d) 230 mol dm™ 

What is the effect of a tenfold increase in pressure on X , in the 

reaction? 

N>(g)+ 3H, (g) == 2NH;(g) 
At equilibrium : (EAMCET 2010) 
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~ (c) no change 


(a) a tenfold increase (b) a tenfold decrease 


(d) equal to K, 


Set-2: The Questions given below may have more 


than one correct answers 


Unit of equilibrium constant is: 

(a) (mol/L)! ~" -(b) (mol/L) 
(c) (atm)*" (d) all of these 
Which is/are correct? — 


(a) 2.303 log K = - AH®°/RT + AS°/R 

(b) AG° = - 2.303RT log K 

(c) — 2.303 log K =-AH°/RT? + AS°/R 
(d) 2.303 log K = (I/RT (AH® + AS°) 


For the reaction, CaCO;(s) ~ CaO(s) + CO3(g), which is 
correct representation? 


(eK = ( péos) (b) K,=K.(RT) 
(c) K, =(CO,)/1 (d) All of these 


N, +O, == 2NO, x(3] N, + =) O, == NO, K,; 


4 
2NO == N, + 0,, K;;NO=—= (i) N, + (+) 05, Ky 


Correct relation(s) between K,,K,,K, and K, is/are: 
(a) K, x K,=1 (b) ¥K, x K,=1 
(c) yK, x K,=1 (d) none of these 


. For the reaction, N,O, —— 2NO,, if degree of dissociation 


of N,O, are 25%, 50%, 75% and 100%, the gradation of 
observed vapour densities is: 
(a) d) > d, >d,>d, 
(c) d, =d,=d,=d, 


The equation, @ = 


(b) dy >d;>d,>d, 
(d) none of these 


= 7 is correctly matched for: 


(a) A nB/24+nC/3 (b) AS nB/ 34 (2n/3)E 
(c) A > (n/2)B + (n/4)C (d) A == (n/2)B+C 
For a reaction, nd === A,, degree of dissociation when A 


trimerises is: é 
-D 4(d-D D-d 
09) 2(257 | 9 3( FP }03 (SF Jo2(2F7] 


For the reaction, 
PCI;(g) === PCI,(g) + Cl,(g) 


the forward reaction at constant temperature is favoured by: 


(a) introducing an inert gas at constant volume 

(b) introducing chlorine gas at constant volume 
(c) introducing an inert gas at constant pressure 
(d) increasing the volume of the container 

(e) introducing PCI, at constant, volume 


. Which of the following will favour the formation of NH, by 


Haber’s process? 
(a) Increase of temperature (b) Increase of pressure 
{c) Addition of catalyst (d) Addition of promoter 
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Which of the following will not affect the value of-equilibrium _ 
constant-of a reaction? 

(a) Change in the concentration of the reactonks 
(b) Change in temperature 

(c) Change in pressure 

(d) Addition of catalyst 


. Which of the following statements is/are wrong? 


(a) At equilibrium, concentrations of reactants and products 
become constant because the reaction stops 

(b) Addition of catalyst speeds up the forward reaction more 
than the backward reaction 

(c) Equilibrium constant of an exothermic reaction decreases 
with increase of temperature 

(d) K,, is always greater than K 

For the gas phase reaction, 

C,H, + Hy == C,Hg; AH? = - 136.8 kJ mol 
carried out in a vessel, the equilibrium concentration of C,H, 
can be increased by: 

(a) increasing the temperature 
(b) decreasing the pressure 
(c)} removing some H, 
(d) adding some C,H, 
When NaNO, is heated in a closed vessel oxygen is liberated 
and NaNO, is left behind. At equilibrium, which are not 
correct? 
(a) Addition of NaNO, favours reverse reaction 
(b) Addition of NaNO, favours forward reaction ; 
(c) Increasing temperature favours forward reaction 
(d} Increasing pressure favours reverse reaction 
An increase in temperature increases which of the following? 
1. The rate constant of a reaction 
2. The ionic product of water 
3. The equilibrium constant of an exothermic reaction 
Select the correct answer using the code given below: 
(SCRA 2007) 
(a) 1 and 2 only — (b) 1 and 3 only 
(c) 2 and 3 only (d) 1, 2 and 3 only 
In the following question, more than one answers are correct. 
Select the correct answer and mark it according to the codes : 
Codes : |BHU (Mains) 2010] 
(a) 1, 2 and 3 are correct (b) 1 and 2 are correct 
(c) 2 and 4 are correct (d) 1 and 3 are correct 
Water gas, an industrial fuel, consisting CO and H, in 
equimolar amounts is obtained by passing steam over red-hot , 
carbon in accordance with the reaction : 
C(s)+ H,O(g ) == CO(g )+ Hy (g); 
AH = +130.5kJ 
The yield of water gas can be increased by 
(1) > Reducing the total presure of the system 
(2) — Increasing pressure of steam 
(3) — Raising the temperature 
(4) — Introducing hot carbon. 


[BHU (Mases) 2008] °° 


The questions given below consist of two statenients each printed-as _ 
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AssorioneRebson TYPE QUESTIONS 


‘Assertion’ (A) and ‘Reason’ (R). While answering these questions 
you are required to choose any one of the following four: 


bees 


(a) If both (A) and (R) are correct and (R) i is the correct - 


explanation for (A). 
(b) If both (A) and (R) are correct and (R) is not the correct 
explanation for (A). 
(c) If (A) is correct but (R) is incorrect. 
(d) If (A) is incorrect but (R) is correct. 
. (A)K,, can be equal to or less than or even greater than the 
value of K,. 
(RK, =K, (RT a 
Relation between K,, and K,, depends on the change in the 
number of moles of § gascous reactants and products. 


(A)For N,(g) +3H,(g) == 2NH,(g), the equilibrium 
- constant is ‘K’then for ; N2(g).+ = Hg) ==. NH,(g) 


the equilibrium constant will be VK. 


(Rif concentrations are changed to half the equilibrium 
constant will be halved. 


(A) A catalyst does not influence the values of equilibrium 


constant, © 

(R) Catalysts influence the rate of both forward and backward 
reactions equally. 

(A) The active mass o pure solid and pure liquid is taken 
unity. 

(R) The active mass of pure solids and liquids depends on 
density and molecular mass. The density and molecular 
mass of pure liquids and solids are constant. 

(A) For PCL,(g) === PCI,(g) + Cl,(g). If more Cl, is added 
the equilibrium will shift in backward direction hence, 
equilibrium constant will decrease. 


10. 


11. 


®@K,= 


(R) Addition of inert gas to the equilibrium mixture at 
constant volume, does not alter the equilibrium. 

(A) At equilibrium AG = 0 

(R) AG°= —RT log, K, at equilibrium. 

(A) At equilibrium AG = 0 

(R) The Gibbs free energy of reactants and products decreases 
and become equal at equilibrium. 

(A) Equilibrium constant of a reaction changes on changing 
the stoichiometric coefficients of the reaction. 


. (R) The pus No(g)+ 3H, (g) == 2NH;, (zg) 


and — SN: (g)+= Phe (g) == ue (g) have same equili- 


faa constant. 
(A) The Q, for the reaction : 
280, (2) + On(g) = 2804() i8Q, = IST 
~*  [SO,P[O,i — 


(R) When QO. < K,, the reaction is not at equilibrium ai 7 it 


will be fast in backward direction. 


(A) The equilibrium of [PCl,(g ) === PCI, (g)+ Cly(e)I i is 


not affected by changing the volume of container. 
_ EPCI; ICI, ] 
[PCl,] 

Equilibrium constant K, does not depend on the volume 
of vessel. ; P 

(A) The reaction : N,(g)+ 3H, (g)== 2NH,(g) will shift 
in forward direction by increase in pressure. 

(R) On increasing the pressure, the equilibrium will shift in 
forward direction. 
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-——Fomsecrive Questions Se a 


1, Ammonium carbamate when heated to 200°C gives a mixture 


of NH, and CO, vapour with a density of 13. What is the 
degree of dissociation of ammonium carbamate? 


[CEE (Keralaj 2004] 


ee 1 
a)— . (b)- c)2 - (djl 
¢ ys ( is (c) (d) 
5 « 
e@ — 
> . 
| i 
(Hint: NH, —-C— ONH, —» 2NH;(g) + CO,(g) 
Initial vapour density D.= Meenas 
=P =39 
2 : 
D-d 39-13 26_ 


(n-Dd G-1x13 26 
here, » = number of moles of product formed by dissociation of 1 
mole reactant. ] 
2. Inthe heterogeneous equilibrium: 
CaCO,;(s) == CaOQ(s) + CO,(g) 
what would be the effect of addition of CaCO; on the 
equilibrium concentration of CO,? 
(a) Increases (b) Unpredictable 
(c) Decreases (d) Remains unaffected 
fHint: Gaseous components are not present on both sides, 
hence, equilibrium will not be affected on addition of CaCO, 
K p = Pco, = constant (at constant-temperature)] 
3. For the reaction, N,O,(g) == 2NO,(g); if percentage 
dissociation of N,O, are 25%, 50%, 75% and 100%, then the 
sequence of observed vapour densities will be: 
(a) d, > d, >d,>d, (b) d, > d; > d, > d, 


(c)d, =d, =d,=d, (d) (d, = d,)> (4, = dy) 
{Hint: Lesser is the percentage dissociation; greater is the ~ 
vapour density. ] 


4, Inasystem: 
. A(s)== 2B(g) + 3C(g) 
if the concentration of C at equilibrium is increased by a factor 
of 2, it will cause the equilibrium concentration of B to change 
to: 


(a) two times the original value 
(b) one half of its original value 
(c) 2V2 times the original value 
(CS) ates times the original value 
w2 
5, For the decomposition of NH; (g) in a sealed tube: 
. 2NH;(g) === N,(g) + 3H,(g) 
(a) K,, does not change with pressure 
(b) concentration of H,(g )is less than that of nitrogen 


6. 


7. 


8. 


9, 


(c) concentration of ammonia does not change with pressure 
(d) K,, changes significantly with pressure 
The equilibrium constant for the decomposition of water, 


[H,0(g) = H,(g) + 5 0,(8)] 
is given by: 
oe pie ; kg 
aaa K = ——____ 
Oe cece oxy? ” (l-a)(2+a)? 
3 3/2 
(Kk =2E +. Shee 
2 : (l-a)(2+a) 


On heating a mixture of SO,C1, and CO, two equilibria are~ 
simultaneously established: 
SO,Cl,(g) == SO,(g) + Cl,(g) 
CO(g) + Cl,(g) == COCI,(g) © 
On adding more SO, at equilibrium what will happen? 
(a) Amount of CO will decrease ~ 
(b) Amount of SO,C1, and COC, will increase 
(c) Amount of CO will remain unaffected 
(d) Amount of SO,CI, and CO will increase 
Consider the reactions, 
Gi) PCI,(g) == PCI;(g) + Cl(g) 
(ii) N,O,(g) == 2NO,(g) 
The addition of an inert gas at constant volume: 
(a) will increase the dissociation of PCl, as well as N,0, 
(b) will reduce the dissociation of PCL, as well as N,Q, 
(c) will increase the dissociation of PCI, and step up the 
formation of NO, 
(d) will not disturb the equilibrium of the reactions 
fHint: At constant volume, inert gas will not affect any of the 
equilibrium. ] 
Densities of diamond and graphite are 3.5 and 2.3 g/mL 
respectively. Increase of pressure on the equilibrit:m 
C (diamond) —— C (graphite) 
(a) favours backward reaction(b) favours forward reaction 
(c) has no effect (d) increases the reaction rate 
A reaction at equilibrium involving 2 moles cach of 
PCl,, PCI, and Cl, is maintained at 250°C and a total pressure 
of 3 atm. The value of K , is: 


(a) 2 (b) 3 (c) 4 (d)1 
{Hint: PCI, == PCI, + Cl, 
At equilibrium 2 2 2 
2 2 2 
Precis = 5X3) Pecis =< x 3, Pa, ar x3 


Precis X Por, _ 1X1 _ 7 


Preis. 1 


In case of gaseous homogeneous reaction, the active mass of 
the reactant is given by the expression: 


K,= 


12. 


(Hint: 


13. 


14. 


15. 


16. 


RT P PY n 
ae b) — Eee (a) RT 
@— Oo OF @e . 
[Hint: PV = nRT 

ee 
Vo RT 


.. Active mass (mol L7') = ie ] 


In the dissociation of I, a. at 00 K in a container of 1 litre: 
1,(g) = A (g); K. = 0° 
Select the correct relation: 


(a) f2]>0"] ®ih1<] ©i,)]=0] (01=50} 


(1,]>(1])}" 


Acetic acid undergoes dimerisation, when dissolved in 


benzene 
ra HO 
OC C—CH, 


~on...0o7% 
Molecular mass of acetic acid is found 120. Which among the 
following relation is correct? 
D-d 
b)a = 2 
(a =2(P=4) 


D-d 
(aya = {2-4 7 ) 
(c)a = 22?) dae 22 2 


D-d 
where, d = Observed vapour density 
D = Theoretical vapour density 
For association of molecule 
_ d-D _ d-D 
~ d(i-I/n) d(-1/2) 
_ 4d -D) 
veg 


2CH, —COOH == CH, —C 


[Hint: 


] 


The equilibrium: 
~ P(g) + 6Cl,(g) == 4PCI; (2) 


_ is attained by mixing equal moles of .P, and Cl, in.an - 


evacuated vessel.‘ Then at equilibrium: 
(a) [Cl,] > [PC1,] 
(c) [P,] > [Cl] (d) [PC1,] > [P,] 

In the reaction: A + B === 2C + D. The initial concentration 
of A and B are 1 M each. The value of K . is 10°. What is the 
equilibrium concentration of A? 


(a}2x 10° M (b) 2x 10° M (c) 0.005 M = (d) 0.0025 M 
For the reaction: 


A(g) + 2B(g ) == 3C(g) + D(g); Kp = 0.05 atm at 1000 K 
The value of K,, is peed by: 


(a)5x10*R (b) Sx 
[Hint: 


(c)5xX10°R OE 


5x10° 
R 


i 
K, = KART ) 
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“RT (1000 x R) R 


17. Match the List-I (equilibria) with List-I] (conditions) and 
_ select the correct answer using the options given below: 


@)- 
18. 


20. 


(b) [Cl,] > [P,] - 21, 
A: K,[Fe(CN)¢] 


22. 


List-I List-II 
P. H(g) + 1,(g) == 2HI(g) 1. High temperature 
Q. 2S0,(g) + 0,(g) == 280,(g) 2. Low temperature 
R. 2NH,(g) == N,(g) + 3H2(g) 3. High pressure 
4, Low pressure 
5. Independent of 
wee bos: pressure < 
' P QO R 
(a) 1,3. 2,3 2,4 
(b) 2,3 1,4 1,3 : 
(c) 1,5 230000 2A 
2,4 ins 1,3 


At constant pressure, the presence of inert gases: 

(a) reduces the dissociation of PCl, 

(b) increases the dissociation of PCI, :. 

(c) does not affect the degree of dissociation of PCl, 

(d) steps up the formation of PCI, 

[Hint: PCI,(g) == PCl,¢g) + Cl,(g) 

On adding inert gas, the equilibrium will shift towards higher 
volume direction. ] 


Which of the following expressions is correct? 


RT py 
()K,=K, (ary wx, =4,(Z) 
7 pynent _ iP ~An+t 
()K,=K, (=) (d)K,=K, (2) 


The most stable oxide of nitrogen will be: 


~ (a) 2NO(g) == No(g)+0,(g); -K =2.2x 10 
(b) 2N,O(g) === 2N,(g) + 0,(g); = K =3.5x 10” 
(c) 2N,O,(g) === 2N,(g) +50,(g); K =1.2x 10" 
(d) 2NO,(g) === N,(g) + 20,(g); | K =6.7x 10° 


[Hint: Stability constant = z 


.. Smaller is the value of equilibrium constant greater is the 
stability of oxide.] 
Equilibrium constant for two complexes are: 


2.6x 10°’ (for dissociation) 


B: K,[Fe(CN),] 1.9x 10'7 (for dissociation) 


(a) A and B are equally stable(b) A is more stable than B . 
(c) Bis more stable than A (d) the predictable stability 


[Hint: ! 


Equilibrium constant for dissociation 


Stability e< 


- At the equilibrium of the reaction, N,O,(g) === 2NO,(g), 


the observed molar mass of N,O, is 77.70 g. The percentage 
dissociation of N,O, 1s: 
(a) 28.4 (b) 46.7 


(c) 22.4 (d) 18.4 


23. 


24. 


25. 


26. 


27. 


(a= \K,+P aes er 
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[Hint: , ao= Mo ~M 
(n~DM 

2. SG 
(2-)x777 


= 0.184 


% Dissociation = 18.4] 
Consider the following statements : 
In the Haber method of synthesis of ammonia 
1. Increase of pressure favours the formation of NH; 
2. Decrease of pressure produces more NH, 
3. Increase of temperature dissociates NH; 
4, Addition of inert gas favours the formation of NH, 
Which on the statements given above are correct? 
(SCRA 2009) 
(a) land3 (6) 2and4 = (c) land4' (d) 2and3 
For the decomposition of PCI5(g) in a closed vessel, the 
degree of dissociation is a at total pressure P. 


_ PCI(g) == PEl;(g) + Ch(g); Kp 
Which among the following relations is correct? 
K, IK, +P 
(aja = p (b) = 
Ky +P B 


In the decomposition reaction of ammonia: 

2NH;(g) === N,(g) + 3H,(g) 
2 moles of NH, are introduced in the vessel of | litre. At 
equilibrium, 1 mole NH, was left, the value of K., will be: 


(a) 0.75 (b) 0.70 (c) 1.75 (d) 1.70 
(Hint: 2NH,(g) === N(g) + 3H,(g) - 
t=O o 
‘eq. : , is 3/2 
re [No ITH, P 
(NH; / 


1 (2) 
35 
- 2M wos.) 


By which of the following relations, the equilibrium constant 
varies with temperature? 


AH® 6 j 

Ink, -InK, =—— dj— 
(a) Ink, - Ink, ra i 
b) InK, -InK, = Me al! 
(b) Ink, - Ink, =- Rp dn q\ aa 
; 1 
Ink, ~-Ink, = — 
(c) Ink, - Ink, (i * a(3) 
fo 1) 

(d) Ink, -in kK, = Saris a(2| 


For dissociation of a gas ve as: 
é 1 
N20s(g) = 2NO,(g) + > O2(8); 


If ‘D’ is the vapour density of equilibrium mixture and P, is 
the initial pressure of N,O;(g), then its equilibrium pressure 
must not be (AZ is molecular mass of NO): 


28. 


29, 


30. 


31. 


32. 


33. 


34. 


35. 


36. 


[Hint: 


* (a) 500 


.(c) Large positive K 
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P.M 


(M -2D) 2 
@) hy A ) 
() (a) 70? 


SO, (g) is heated in a closed vessel. An equilibrium: 
2S80,(g) === 280,(g) + O2(g) 
is established. The vapour density of the mixture, in which 
SO, is 50% dissociated, is: 
(a) 26.5 (b) 35 (c) 42 
D-d 
g= 
(n- ld 
_ 40-d 
(2- ld 


d=265] 


(d) 55 


When In_X is plotted against : using the van’t Hoff equation, — 


a straight line is expected with a slope equal to: 
(a) AH°/RT. (b)-AH®°/R (c)AH°/R = (d)R/AH® 
AB, (g) dissociates as, 

AB, (g) == AB(g) + B(e) 
The initial pressure of 4B, is 600 mm Hg and total pressure is 
800 mm Hg. The equilibrium constant for the reaction will be: 
(b) 100 (c) 200 (d) 400 
For the gaseous reaction, 

C,H, + H, == C,H, 

the equilibrium constant has the units: 
(a) mol? dm7> (b) dm? mol! (c) dm? mol! (d) mol dm™ 
The equilibrium constant for the reaction: © 

H,(g) + Br(g) == 2HBr(g) 
is 67.8 at 300 K. The equibbsu constant for the dissociation 
of HBr is: 


(a) 0.0147 
{Hint: 


(b) 67.8 (c) 33.90 (a) 8.349 


1 
K dissociation = K ] 
formation 


A large positive value of AG° corresponds to sai of these? 
(a) Small positive K (b) Small negative 

(d) Large negative K 

(Hint: AG° = —2.303RT log K,] 

What is AG° for the following reaction? 


. ; N,(g) + H,(g) === NH,(g); K, = 4.42 x 10* at 25°C 


(a) — 26.5 kJ mol! (b) — 11.5 kJ mol! 
(c) — 2.2 kJ mol! (d) - 0.97 kJ mol”! 
For the following reaction: K = 1.7 10’ at 25°C 
Ag" (aq.) + 2NH;(aq.) == [Ag(NH3)2]" 
what is the value of AG® in kJ? 
(a)- 41.2 (by-17.9 (ec) +17.9 (d+ 41.2 
If Ps for a given reaction is negative, which gives the correct 
relationships for the values of AG° and K,,,? 
(a) AG° > 0, Ky, <1 (b) AG? > 0,K,,, >1 
(c) AG° <0,K,, >1 (d) AG° <0, Kg, <1 
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37. 


38. 


39. 
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The free energy ‘of foaaton of NO is 78 kJ mot”! at the 
temperature of an automobile engine (1000 K). What is the 
equilibrium constant a this reaction at 1000 K? 


5 Ni(g)+ 5 On(g) = NOW). 


(a) 84x ae (b) 7.1 a (c) 4.2 x 10°" (d) ig 10°? 
280, (g) + On (g ) == 280; (zg) 


Given, that the equilibrium constant fu: “re reaction above has 


a value of 278 at a particular temperature, what is the value of 
equilibrium constant for the following reaction at same 
temperature? 


SO;(g) == $0,(g)+ 5 Or(g) 


(a) 1.3x10° (b) 1.8107 (c)3.6x 10% (d)6x 107 


In which of the following reactions, the increase in volume of 
the container will favour the formation of products? 


(a) C(s) + H,O(g) == CO(g) + H(z) 


(6) H,(g) + L(g) — 2HI(g) 
(©) 4NH,(g) + 50,(g) == 4NO(g) + 6H,O() 


40. 


41. 


42. 


. reaction: 


43. 


(d) 30,(g) == 20;(g) 


Consider the reaction, whose K, = 33, 

SO,(g) + NO,(g) == SO;(g) + NO(g) 
If 0.1 mol each of SO, and NO, are placed in | L container, 
what is the concentration of SO, at equilibrium? = 


(a) 0.003 M (b)0.015M_ (c)0.085M (d) 0.097 M 
Reaction K 
ro 
gue NO, (g) oe 
2NO;(g)° — NO, (zg) K, 


Using above equations, write down expression for. xK of me 
following, reaction: . 


NO) = — Ny(e): += Lose) 


KP by 1 
ee d 
OFZ | (c) rors OnE, 


Cu” ions react with Fe* 


(a) K,K, 


Cu2* + 2Fe?* =—* == Cu'+ Fe 
At equilibrium, the concentration pt Cu** 
by the addition of: 
(a) Cu?* (b) Fe** (c) Cu (d) Fe** 
Consider this equilibrium, for which AH < 0, 

HgO(s) + 41" (ag.) + H,O() == Hgly + 20H 
Which changes will increase the equilibrium concentration of 
Hel, ? 

I. Increasing the mass of HgO(s) present.” 

Il, Increasing [I]. 
Ill. Adding 1 4 HCI. 
(a) I only 
(c) II and III only 


ions is not shave 


(b) II only 
(d) I, I and HI 


ions according. ‘to- the e following 


44, 


45, 


46. 


47. 


Which of the following do not ee the value of K for a 
reaction? 


(a) Addition of catalyst 
(b) Increase in temperature 
(c) Increase in pressure 
(d) Removal of one of the products 
For which of the following reactions at equilibrium at constant 
temperature doubling the volume will cause a shift to the 
right? 
(a) N,O,(g) ——= 2NO,(g) 
(b) CaCO, (s) === CaO(s) + CO,(g) 
(c) 2CO(g) + O,(g) == 2C0,(g) 
(d) No(g) + O,(g) == 2NO(g) 
In the reaction, 
N,O,(g) === 2NO,(g) if D and d@ are the vapour 
densities at initial stage and at equilibrium then what will be 


the value ofS at point A in the following graph? 


c 
S62 
o _— 
233 
oo 
a2 
DB 
A 
+ 
(a) 0 (b) 1.5 (c) 1 (d) 0.5 
D-d 
int: = ; 
. Hie (nD 
For the given reaction, n = 2and a = Oat A 
D-d _ 
(2-Dd 
D 
=] 
: d 
. Aschematic plot of In K,, versus inverse of temperature for a 


reaction is shown below: 


In Keg 


The reaction must be: 

(a) exothermic 

(b) endothermic 

(c) one with negligible enthalpy change 

(d) highly spontaneous at ordinary temperature 
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dink AH? 
int: | We know that, ———= = —~ 
mm ° dT RT? 
° 
In Ky, =— +C 


RT 
The plot has positive slope, hence AH ° will be negative. ] 


48. The equilibrium: 
NH,HS(s) == NH,(g) + H,S(g), 
is followed to set-up at 127°C in a closed vessel. The total 
pressure at equilibrium was 20 atm. The K , for the reaction is: 


(a) 0.092 M? (b) 0.085 4? 
(c) 3.045 M?° (d) none of these 
{Hint: pNH, = pH,S = = atm 

K, = pNH, x pH,S = 100 atm? 

K, =K, (RT )™ 

100 = K,, x (0.0821 x 400)? 

K, = 0.092 M?] 


49. 20% of N,O, molecules are dissociated in a sample of gas at 
27°C and 760 torr. Mixture has the density at equilibrium 


equal to: 

(a) 1.48 g/L (b) 1.84 g/L 
(c) 2.25 g/L (d) 3.12 g/L 
(Hint: The reaction is: 


nan shgeee ahs 
100 


D = 46, initial vapour density 
d = vapour density at equilibrium 


D-d 
a= 
(n~ Dd 
_ 46~d . 
“ (2-Nd 
d = 38.3 


Molar mass equilibrium = 2 x 38.3 = 76.6 
Pm = dRT Here, d = density of gas mixture 


50. The equilibrium constants K a and Ky, for the reactions - 


X == 2Y and Z == P + Q; respectively are in the ratio of 
1 : 9. If the degree of dissociation of X and Z be equal then the 
ratio of total pressures at these equilibria is: - (ALEEE 2008) 


(a) 1:9 (b) 1 : 36 
(c)isl (d)1:3 
[Hint : eo Za=2 PaO 
f. 4 0 1 0 oO 
fag. 1-0 2a 1-a a a 
2 ~ 
20. a a 
_Llita = l+a i l+#aQaL 
Pl hs P2 : 
E a a| E a a 
1+ o lta 
_ 407A, a’P, 
l~o? l-a? 
Ky _400P, : oP, ues 
2 2 
K,, \l-a/ 1l-a 
14h 
9 FP 
ALL 
P, 36 
51. Which of the following plots is correct about endothermic 
reaction ? 


1/T 

deniey ee OE oe ay (c) 
RT 0.0821 x 300 

1. (d) 2. (d) 3. (a) 4. (d) 5. (a) 6. (b) 7. (d) 8. (d) 
9. (a) 10. (d)- 11. (b) 12. (a) 13. (c) 14. (c) 15. (b) 16. (d) 
17. (c) 18. (b) 19%. () 20. @) 21. (c) 22. (d) 23. (a) =, () 
2. (d) = -6. (sO. €) 28. (a) 29, (b) 30, (b) 31. (b) 32. (a), 
33. (a) 34. (a) 35. (a) 36. (a) 37. (a) 38. (d) 39. (a) 40. (b) 
41. (d) 42. (c) 43. (c) 44, (a,c, d) 


49. (d) 50. (b) 51. (b) 


45. (a, b) 46. (c) 47. (a) 48. (a) 
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Integer Answer TYPE QUESTIONS 


This section contains 10 questions. The answer to 
each of the questions is a single digit integer, ranging 
from 0 to 9. If the correct answers to question numbers , 
X, Y, Z and W (say) are 6, 0, 9 and 2 respectively, then 
the correct darkening of bubbles will look like the 
given figure : 


1. For the reaction: 
AB(g) == A(g)+B(g) 
AB is 33% dissociated at a total Prccsure of p. Then, will 
be equal to: * K, 
2. If the reaction A == B, has AG? = 0, sie its “equilibrium 
- constant will be equal to : 
3. Consider the following reaction 
AtB=—E K,=6 
2B+C=—= 2D K,=4 
What will be the equilibrium constant (K, ) for the following 
reaction? 
; AtD=— Etc 
4. For the equilibrium of the reaction : 
NH,Cl(s) == NH,(g)+HCK(g) K, = 81atm?* 
Total pressure at equilibrium will be x times the pressure of 
NH. 
The value of x will be : 


5. Mixing 4 moles of 4 with 4 moles of B forms 2 moles of C at _ 


equilibrium, according to the following reaction : 


A(g)+B(g) == C(g)+ Dg) 
The value of equilibrium constant is : 


6. 


10. 


A reaction at equilibrium involving 2 mol each of PC1,,PCI,, 
Cl, is maintained at 250°C and total pressure of 3 atm. The 
value of K , is: 


. For the reaction: 


A(g)+ B(g )==C(g)+ Dig) 
The initial concentrations of A and B are equal. The 
equilibrium concentration of C is two times the equilibrium 
concentration of A. The value of equilibrium constant is : 
N, + O, == 2NO; K, 


fos Si 
oN, 4 Oj) NOK 
2 2 3 2 2 
2NO ==N, +0,; K; 
ae 
pee Sa ie 


K,xK =x yK,xK,=y, /KyxK,=2z 


What will be the value of xyz? 
4.5 moles each of H, and I, are heated in a sealed 10 L vessel. 
At equilibrium, 3 mole of HI were found. The equilibrium 
constant for : 

H,(g )+ L(g ) == 2HI(g )is : bees 
SO,Cl, and Cl, are introduced into a 3 L vessel. Partial 
pressure of SO,C1, and Cl, at equilibrium are 1 atm and 2 atm 
respectively. The value of K ,, for the following reaction is 10. 

SO,Cl, (g) == SO,(g)+ Ch (g) 

The total pressure in atm at equilibrium would be : 


18) 2M 3. (3) 4. (2) 
9. (1) 10. (8) ° 


ee 6. (1) 7. (4) 8. (1) 
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a =@ LINKED ComPREHENSION TyPE Questions @= <a 


e Passage 1 


Phosphorous pentachloride when heated in a sealed tube at 
700 K, it undergoes decomposition as, 


PCI.(g) == PCh(g)+Ch(g); K, = 38atm 


vapour density of the mixture is 74.25. 
Answer the following questions: 
1. The reaction is: 
(a) endothermic 
(b) exothermic 
(c) may be endothermic or exothermic 


(d) unpredictable 
2. Percentage dissociation of PCl, may be given.as:. _ 
* (a).4.04 (b) 40.4 (c) 44.0 (d) 0.404 


3. Equilibrium constant K , for the reaction will be: 
(2)0.66M (b)056M@M (c)046M (d) 036M 
4. If pressure is increased then the equilibrium will: 
(a) be unaffected - 
(b) shift in backward direction 
(c) shift in forward direction 
(d) cannot be predicted 


5. When inert gas is added to the given insibie process then 
the equilibrium will: 


(a) be unaffected 

(b) shift in backward direction 
(c) shift in forward direction 
(d) cannot be predicted 


e@ Passage 2 


In Haber'’s process, the ammonia is manufactured according to 
the following reaction: 


Np (g)+ 3H(g) == 2NH,(g); AH® = ~ (22.4 kJ) 


The pressure inside the chamber is maintained at 200 atm and 
temperature at 500°C. Generally, this reaction is carried out in 
presence of Fe catalyst. 


Answer the following questions: 
1. IfK,, for the given reaction is 1.44 x 10°° then the value of K, 


will ‘be! 
1.44 x 10° eis 
(0.082 x 500)? 
—-§ 7 
(b) 1.44 x 10 “ mol i 
(8.314 x 773) 
~§ 
(c) Seale mol L7 
(0.082 x 773) 


1.44 x 10° aed 
(0.082 x 773)? 


2. The preparation of ammonia by Haber’s process is an 


exothermic reaction. [f the preparation follows the following . 


temperature pressure relationship -for its % yield. Then for 
temperature 7, , 7, and T, the correct option is: 


100 T3 
80 

; To 

wT 

g 60 : 

= 

ze 40 1 
20 


100 200 300 400 
Pressure (atm) ——> 


(a) T; > T, > 7, >t >7, 
(c)7, =T, =f, (d) nothing could be predicted 
(Hint: The % yield will decrease with rise in temperature, since 
it is exothermic. ] 

3. 500°C is considered optimum temperature for Haber’s process 
because: 
(a) catalyst has maximum activity at this temperature 
(b) energy required is easily obtained at this temperature 
(c) yield is maximum at this temperature 
(d) rate is fast enough while the yield is also anpienible at 

this temperature 

4. IfK ; for the reaction is 1.44 x 10°, then the value of K . for 

the decomposition of NH,, 


2NH3(g) == No(g) + 3H2(g) 


will be: 

(a) 1.44 x 10° (b) (1.44 x 10° ¥ 
1 -5 

¢) -———_- d) 2.88 x 10 

OT axe . 


5. 30 litre H,(g) and 30 litre were taken for the reaction in 
Haber’s process which yields only 50% of the expected 
ammonia due to reversibility of the reaction. What will be the 
composition of reaction mixture under the given condition? 


- NH, NN, H, 

(a) 20 L 20L 20L 
(b) 10L 25L ISL 
(c) 20L 10 L 30.L 
(d) 20L 25L I5L 


e Passage 3 


When .all the coefficients in a balanced chemical equation are 
multiplied by a constant factor J, the equilibrium constant 
(originally K ) becomes K”. Similarly, when balanced equations are 


_ added together, the equilibrium constant for the combined process is 


equal to the product of the equilibrium constants for each step. 
Equilibrium constant of the reversed reaction is numerically equal 


to the reciprocal of the equilibrium constant of the original equation. 


Unit of K , = (atm); Unit of K, = [mol L*}" 
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Answer the following questions: 
3. Consider the reactions: 
(i) CO(g) + H,O(g) == C0,(2) + H,(g); K; , 
(ii) CH,(g) + H,O(g) == CO(g) + 3H,(g); Kz 
Gii) CH,(g) + 2H,0(g) == CO,(g) + 4H,(g); Ky 
Which of the following is correct? 


(a) Kj-= K,/K, (b) K, = K?/K} 
(c)K,=K,K, “(d) K; = K, JK, 


2. The equilibrium constants for the following reactions at 1400 
K are given: 


2H,O(g) == 2H,(g) + On(g); K, = 2.1x 10 
2CO;(g) == 2CO(g) + O,(g); Ky = 1.4 x 10°? 
Then, the equilibrium constant K for the reaction, 
H,(g )+ COs) aa Cow). + H,O(g) 


is: - , 
(a) 2.04 (b) 20.5 (c) 2.6° (84 
3. Given: 2NO(g) + 0,(g) == 2NO,(g); Ky 


2NO,(g) == N,04(8); K2 
_2NO(g) + O2(g) —= N20, (g); K3 
Which of the following relations is correct? 
(@) Ky =K,/K, Ooi | 
=K. = tl 
(c)K,=K,+K, NES 
4, H,PO, is a tribasic acid, it undergoes ionization as: 
-H,PO, == H* + H,PO;; K, 
H,PO, === H* + HPO}; K 
HPO; == Ht + POY; K; 


Then, equilibrium constant for the following reaction will be: 


- H,PO, == 3H* + POY 


KK KK KK 
(a)K\K,K, (b)-b Oe a 6@ 
K, : Ky 
5, Consider the two reactions: 
XeF,(g) + H,O(g) == XeOR,(g): + 2HF(g); K, 


XeO,(g) + XeF,(g) == XeOF,(g) + XeO5F,(g); K, 
Then, the equilibrium constant for the following reaction will 


be: oe 
XeOQ,(g) + 2HF(g) == XeO,F,(g) + H,O(g) 
is given by: ; 
(a)K,/KZ (b) K,/K, (©) K7/K, = (d) K,/K, 
e Passage 4 


Mass action ratio or reaction quotient Q for a reaction can be 
calculated using the law of mass action, 


Ag) + Bg) == Clg) + Dlg) 
| _ [cl] 
[418] 


The value of Q decides whether the reaction is at equilibrium or 
not. - 

At equilibrium, Q=K 

For non-equilibrium process,Q # K 


when Q > K, reaction will favour backward direction and when 
Q<K, it will favour forward direction. 
Answer the following questions: 

1. The reaction quotient Q for: 


N,(g) + 3H,(g) == 2NH;(g) 
ane [NH, |’ 
is given by Q = —-—2-—. The reaction will proceed in 
[No}HaP 
backward direction, when: : 
(Q=K, (b)QO<K, (©)Q>K, (@Q=90 


2. For the reaction: ; 
24+B==3C at298K,K, = 49 
A.3L vessel contains 2, 1 and 3 moles of A,B and C 
respectively. The reaction at the same temperature: 
. (a) must proceed in forward direction 
(b) must proceed in backward direction 
(c) must be in equilibrium - 
_(d) cannot be predicted __ 
3. In-a reaction mixture containing H,, N and NH; 2 at epartial 
pressure of 2 atm, | atm and 3 atm respectively, the value of 
K,, at 725 K is 4,28 x 10° atm”. In which direction the net 
reaction will go? 
N,(g) + 3H2(g) = 2NHx(g) | 


(a) Forward 
(b) Backward 
(c) No net reaction 
* (d) Direction cannot be predicted 
4. In-thé following reaction: , 
2S0,(g) + O2(g) == 280; (g) 
the equilibrium is not attained. The rate of forward reaction is 
greater than that of backward reaction. Thus, which of the 
following is the correct relation between K , and Q,,? 
@)K,=Q, (b)0,>K, ©@,<K, "@K, =0,=1 
5, In ‘he reaction: 
_ PCI (g) === PCI, (g) + Cl,(g) 
a graph is plotted to show the variation of rate of forward and 
backward reactions against time: 
Which of following is correct? 


Forward 


Rate —> 


Time —> 
Q>K Q=K O<K 
(a) 3 2 1 
(b). 1 2 3 
(c) 2 3 1 
(d) 2 1 3 


e Passage 5 
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Graph 3 


In a reversible chemical reaction, the rate of forward reaction 
decreases and that ,of backward reaction increases with the passage 
of time; at equilibrium the rate of forward and backward reactions 


become same. 


” Let us consider the formation of SO, in the following reversible 


reaction : 


280, (g) + O,(g) == 280; (g) _ 
Following graphs are plotted for this reaction: 


Graph 1 a 


Conc. 


Graph 2 


Conc. ——> 


' Time —— 


Reactants 


Products 


- The graph-(2) tells us that: 


” Free energy of - 
' Teactants 
ene atl 
Free energy of 
products 


Reaction progress 


Answer the following questions: 
1. 


In the graph (1), 4, B and C respectively are: 

(a) SO;, SO, and O, (b) SO 3, O, and SO, 
(c) SO,, O, and SO, (d) O,, SO, and SO, 
In the graph (1), the equilibrium state is reached at: 
(a) t (b) t, Oh « Ot 


(a) the reaction is irreversible 
(b) the reaction is reversible 
(c) the reaction is exothermic 
(d) the reaction is endothermic 


+, The graph (2) tells us that: 


(a) equilibrium is never achievable 
(b) equilibrium is achieved after the concentrations of 
reactants and products become equal 

(c) equilibrium is achieved before the concentrations of 
" reactants and products become equal 

(d) none of the above 

From the graph (3), it can be interpreted that: 

(a) equilibrium is achieved at X 
(b). reaction is nearer to the completion 
(c) AG = Oat X 


(d) all of the above 


Passage 1. ; » (a) 
- Passage 2. 1. @) 
Passage 3. 1. (c) 
Passage 4. 1. (c) 
Passage 5. 1. (a) 


2. (b) 
2. (b) 
2. @) 
2. (a). 
2. (c) 


wwe ww w 


(a) 4. (b) 5. (c) 
@ 4. (0) 5. (b) 
(b) 4. (a) 5. (d) 
6) 4. () 5. (a) 
(b) 4. (0) 5. (4) 
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& SELF ASSESSMENT 


ASSIGNMENT NO. 9 


SECTION-1 


_ Straight Objective Type Questions 


This section contains 10 multiple choice questions. Each 
question has 4 choices (a), (b), (c) and (d), out of which only 


“one is correct. 


By applying the law of mass action, the equilibrium constant 
K for the reaction: 


~HA+H,OS=HiO4+ 4” [CET (J&K) 2007] 
(a) x = HAILO} ) x = SONA] 
~ (H,0°}{47] (H4)[H,0) 
yx = ESO @ g 2 I 
[A"](H4] [H,0][H;0"} 


For the reaction, 
N,(g) + 3H2(g )== 2NH;,(g ) + Heat 

When temperature increases: (PMT (Haryana) 2007] 
(a) formation of NH, increases — 
(b) formation of NH, decreases 
(c) concentration of N, decreases 
(d) concentration of H, decreases 
For the reaction 1 g mole of CaCO, is ; enclosed. in 5L 
container 

CaCO; (s) == CaO(s) + CO,(g) K, = 116 atm at 
1073 K then percentage dissociation of CaCO; i is: 
(a) 65% (b) 100% (c) 6.5% (d) zero 
The activation energy for forward and backward reactions are 
50kJ/ mol and 40 kJ/ mol respectively. If K, and K, are the 
equilibrium constants of reaction at temperature 7, and 7, 
respectively and 7, > 7, then: 
(@)K,<K, (b)K)=K, @K,>K, @K,=K; 
{Hint: AH = E, - E, =50- 40=10kJ/mol. In endothermic 
reactions, equilibrium constant increases with increase in 
temperature. ] 
Given, X(g ) == nY(g). 
If degree of dissociation is a, then K, of the reaction ina 
vessel - 1 litre is: 


@s 


2% OA qr 

l-o@ l+o I-a 
Consider the following equation in a closed container, 

_ N,O,(g) === 2NO,(g) 

at a fixed temperature, the volume of the reaction container is 
halved, for this change, which of the following statement 
holds true regarding the X,, and degree of dissociation ‘a’: 
(a) neither XK ,, nor a changes 
(b) both K p and a change 
(c) K,, changes but o does not change 
(d) K,, does not change but « changes 
The reaction, A(g)+ B(g) == C(g)+ D(g)is studied ina 
vessel of one litre at 250° C. The initial concentration of A was 
3x and that of B was x. At equilibrium, concentration of C was 


found to be equal to the equilibrium concentration of B. What 
is the concentration of D at equilibrium: 


x 1 x 
oe aa kage 


SECTION-II 


(d) x 


Multiple Answers Type Objective Questions 


8. 


10. 


11. 


12. 


Equilibrium constant does not depend on: 

(a) catalyst (b) temperature 

(c) pressure (d) inert gas 
Which of the following reactions have K, < K,? 


@)H(g)+h@@)—— 2H) 


(b) CO(g) + Cl,(g) == COC, (g) 
(c) 2BrCl(g) == Br (g) + CL,(g) 
(d) No(g) + 3H,(g) == 2NH,(g) 
Which of the following reactions are not affected by inert gas 
addition? 
(a) No(g) + O,(g) == 2NO(g) 
(b) 2SO,(g)+ O,(g) == 280; (g) 

(In a rigid container of constant volume) 
(c) PCh(g) + Ch(g) == PCI; (g) 
(d) CO(g) +. 2H, (g ) == CH; 0H(g ) 
Which of the following are not affected by pressure change? 
(a) CaCO, (s) == CaO(s) + CO,(g) 
(b) 2NaNO, (s) + O(g) == 2NaNO; (s) 
(c) NH,COONH, (s) == 2NH,(g) + CO,(g) 
(d) C(s) + H,0(g) == CO(g) + H,(g) 
The reaction, 


280, (g)+ O,(g ) === 280, (g ) (Exothermic) 
will shift in forward direction by: 


(a) adding SO, at constant volume 
(b) increasing volume of container 
(c) adding SO, at constant volume 
(d) adding inert gas at constant volume 


SECTION-II 


Assertion-Reason Type Questions 


13. 


‘This section contains 5 questions. Each question contains 


Statement-1 (Assertion) and Statement-2 (Reason). Each 
question has following 4 choices (a), (b), (c} and (d), out of 
which only one is correct. 
(a) Statement-1 is true; statement-2 is true; statement-2 is a 
correct explanation for statement-1. 
(b) Statement-1 is true; statement-2 is true; statement-2 is not 
a correct explanation for statement-1. 
(c) Statement-1 is true; statement-2 is false. 
(d) Statement-1 is false; statement-2 is true. 
Statement-1: The value of equilibrium constant depends on 
the stoichiometry of the equation. 
Because 


14, 


15. 


16. 


17. 


CHEMICAL EQUILIBRIUM 


Statement-2: The value of equilibrium constant does not 
change when the equation is multiplied or divided by a 
number. 
Statement-1: K,, = K,, for all reactions. 

Because 


Statement-2: K,, and K, are interrelated by the equation 
K,=K,(RT)™. 
Statement-1: Catalyst does not change the position of 
equilibrium. , 
Because 
Statement-2: Catalyst only changes the equilibrium time. 
Statement-1: Free energy of both reactants and products are 
minimum at equilibrium. 
Because 
Statement-2: The free energy of reactants and products 
decreases with passage of time and become equal at 
equilibrium. 
Statement-1; Addition of inert gases at equilibrium will 
support the dissociation of PCl, at constant temperature. 
Because 
Statement-2: The addition of inert gas at constant volume will 


not affect the equilibrium. 


SECTION-IV 


Matrix-Matching Type Questions 


This section contains 4 questions. Each question contains 
statement given in two columns which have to be matched. 
Statements (a, b, c and d) in List-I have to be matched with 
statements (p, q, r and s) in List-II]. The answers to these 
questions have to be appropriately bubbled as illustrated in the 
following examples:. ; 

If the correct matches are (a-p,s); (b-q,r); (c-p,q) and (d-s), 
then correct bubbled 4 x 4 matrix should be as follows: 


19. 
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18. Match the List-I with List-II: 
List-I List-II 
(=) Ag) B(g)+Clg)—— @ a= JP 
a — = |———_ 
. One \x pt+4P 
(b) 4,(g ) == 2A(g) (q)a = =e 
nee “YP +K z 

—_*> ¥ M reactant 
(c) PCl;(g ) == PC1;(g)+Ch(g) © Mnix = ae 
(d) N,0,(g) == 2NO,(g) (s) Forward shift on 

decreasing the 
pressure 

Match the List-I with List-I: 
List-I List-II 
(Mathematical process) (New equilibrium constant) 
(a) Divided by n (p) K" 
(b) Multiplied by n @ ~ - 
(c) Reaction is reversed (t)K, x K, x Kz X...XK, 
(d) n-equations are added = (s) (K 


20. 


Match the List-I with List-I] for the following reaction: 
NH,HS(s) == NH, (g)+ H,S(z) 


List-I List-II 
(a) Partial pressure of () Py, X Pays 
NH,HS(s) 
(b) Ky (q) Pxu, + Pus 
(c) Total pressure at ©) (pyu, X Pa,) (RT)? 
equilibrium 
(d) K, (s) Zero 


3. ©) 


1. (b) 2. (b) 4, (a) 
9. .d) 10. (a,b) 11. (a,b,c) —- 12. (a,b) 
17. (b) 18. (a-q,1,s) (b-p,q,s) (c-q, 1,8) (d-p,s) 


20. (a-s) (b-p) (c-q) (d-t) 


- 13. () 
19. (a-s) (b-p) (c-q) (d-r) 


6. (4) 
14. (d) 


5. (d) 7. a) 


15. (a) 


8. (a, b, d) 
16. (a) © 


10.1 INTRODUCTION 


The compounds which give ions either in molten state or in 
solution are called electrolytes. In the solid state they are bad 
conductors, but become good conductors either in the molten 
state or in solution. 

There are two types of electrolytes: 


(1) Strong electrolytes: These electrolytes are almost 
completely ionised when dissolved in a polar medium like water. 
In solution they are excellent conductors, e.g., HNO;, HCl, 
KOH, NaOH, etc. Their degree of ionization is mae and 
approaches unity. 

(2) Weak electrolytes: These are not completely ‘cnied 
when dissolved in a polar solvent and they behave as poor 
conductors of electricity, e.g., CH;COOH, H,;PO,, H;BO;, 
NH, OH, etc. Equilibrium between ions and unionised molecules 
is established in solution; e.g., 


CH,COOH == €H,COO” + H* 
The above equilibrium is termed as ionic equilibrium. Degree of 


ionization of weak electrolytes is much less than unity. 


Degree of ionization ‘a’ may be defined as a fraction of total 
number of molecules of an electrolyte which dissociate irito ions. 
__ % ionization 


100 
oe) Number of molecules dissociated as ions 
Total number of molecules of electrolyte dissolved ° 


The following classification of electrolytes i is based on their 
behaviour in a particular solvent, i.e. , water. 


and B~ 


Solutions (aqueous) 


a 


Conducting (solutions of Non-conducting (solutions of 
electrolytes, i.¢., acids, bases non-electrolytes such as urea, 
and salts) glucose, sugar, glycerine, etc.) 


Strongly conducting (solns. of Weakly conducting (solutions 
strong _— electrolytes © which Of weak electrolytes which 
ionise almost completely in water _ Slightly ionise in water such as 


such as HCl, H,SO,, HNO, CHjCOOH, NH,OH, H;P0,, 
NH,Cl, NaCl, NaOH, KOH, etc.) HCN, etc.) 


However, an electrolyte may behave as a strong one in aqueous 
solution, but it may behave as a weak one in another solvent. For 
example, sodium chloride behaves as a strong electrolyte and 
acetic acid as a weak electrolyte when dissolved in water but their 
conducting abilities are comparable in liquid ammonia solvent. 


10.2 OSTWALD’S DILUTION LAW 


According to Arrhenius theory of electrolytic dissociation, the 
molecules of an electrolyte in solution are constantly splitting up 
into ions and the ions are constantly reuniting to form. unionized 
molecules. Therefore, a dynamic equilibrium exists between ions: 
and unionized molecules of the electrolyte in solution. It was 
pointed out by Ostwald that like chemical equilibrium, law of 
mass action can be applied to such systems also. 
Consider a binary electrolyte 4B which dissociates into A* 


ions and the equilibrium state is represented by the 
equation: 


“SE EISELE SIE DEES DEE IIS, 


RSE TEE RES 


TONIC EQUILIBRIUM . 657 
AB == At+B™ Solution: HA =H" + 47 
Initially ¢ = 0 c _ 9 0 : ee rer . 
At equilibrium CU-@ Cao Co Applying Ostwald’s dilution law for a weak acid, 


So, dissociation constant may be given as: 
_[A*][B°]_CaxCoa 
[AB] Cii-a) 


Ca? 
| “sey .. (i) 
For very weak electrolytes, , 
o <<<],(l1-a)=1 
K =Ca” 
a=VK/C. ... (ii) 


Concentration of any ion = Ca =VCK. 


From equation (ii), it ‘is. clear that degree of. ionization 
increases on dilution. 

Thus, degree of dissociation of a weak electrolyte is 
_proportional to the square root of dilution. 

Limitations of Ostwald’s dilution laws The law holds 
good only for weak electrolytes and fails completely in the case 
of strong electrolytes. The value of ‘a’ is determined by 
conductivity measurements by applying the formula A / A,,. The 
value of ‘a’ determined at various dilutions. of an electrolyte 
. when substituted in eq. (i) gives a constant value of K only in the 
case. of weak electrolytes like CH, COOH, ‘NH, OH, ‘etc. The 


cause of failure of Ostwald’s dilution law in the case of strong” 


electrolytes i is due to the following Nactors: - ‘ 

(i) The law is based on’ the. wfact that only a portion of the 
electrolyte is, dissociated jnto ions at ordinary dilution and 
completely at infinite dilution. Streng electrolytes are almost 
completely ionised- at all dilutions and A/A,, does not ere 
accurate value of ‘a. . 

(ii) When concentration of the ions is very high, the presence 
of charges on the ions appreciably affects the equilibrium. Hence, 
law of mass action in its simple form cannot be strictly applied in 
the case of strong electrolytes. 


‘19889 QSomE SoLvep ExamPLes} [SOME SOLVED EXAMPLESY $832: 


Example 1. 4 0.01 M solution of acetic acid i is 5% ionised 
at 25°C. Calculate its dissociation constant. 


Solution: According to Ostwald’s dilution law, 
2 
_ a 
*  (l-a)yV 
4=0.05, Y=——=100litre 
0.01. 
Hence: _ 0.05 x 0.05 


a 2 = 2.63 X10" 
(-0.05)100 ; 
Example 2. Calculate the H* ion concentration of a 


0.01 N weak monobasic acid. The value of dissociation constant 
is 4.0x 107". 


a=j/K Vv 
1 


K, =4.0x10, ¥=—— = 100 litre 
0.01 


= 4 x 107? x 10? =2x 107 


Concentration of hydrogen ions 


=— =i =2x10 mol L'! 


or concentration of hydrogen ions 


= VCK = J0.01x 4x 107 =2x 10% mol Lt 


Example 3. The concentration of H* ions in 0.10 M 
solution of a weak acid is 1.0X10° molL”. Calculate the 
dissociation constant of the acid. 


_ Solution: Ha ede 
Initial concentration 01 0 
Equilibrium concentration : 
(mol 7!) 0.1-1.0x 10° 10xio* = 1.0x 10° 


[H:4] can be taken as 0.1 M as 1.0 10™ is very small. 
Applying law. of mass action, 


_[H*][47]_ 1.0x10% x1.0x10% 
[HA] 0.10 
=1x10" 


»: Example 4. What will be the dissociation constant of 0.1N 
aqueous ammonia solution in terms of degree of dissociation 
ot’? What will be the value if the concentration is 0.01N? 


Solution: -NH,OH== NH; + OH”: 


(1~ a} a a 
Since, the solution is 0.1 N, 


a 


At equilibrium 


= =101ite 
01 


ts AN) on ag 3 Hye 
ENE ORS aot te de gy JOH =e 


Applying law of mass action, 
a0 
_(NH} JOH] _ Jo“ To__ & 
[NH,OH]. 1-a%  101-«) 

For 0.01 N solution, K, remains the same at the same 
temperature but degree of dissociation value becomes different. 

Example 5. 4 0.0128 N solution of acetic acid has A= 14 
mho equiv! and A,, = 391 mho eq” at 25°C. Calculate the 
dissociation constant of the acid. 


b 
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Solution: 


Degree of dissociation, 
Geos ease 
A, 391 


[1~-« ——> las is very small] 


Now applying Ostwald’s dilution law, 


a? 


‘e(l-a)V 


a 


a@=3.58x10° and V= litre 


0.0128 
So, K, =3.58x107 x 3.58x 107 x 0.0128= 1.64 x 10° 


10.3: COMMON ION EFFECT 
Let AB be the weak electrolyte. Considering its dissociation, 
AB A* +B™ 
‘and applying law of mass action, we have 


_(4* BJ 
[4B] 


The equilibrium constant, K , has a definite value at any given 
temperature. if now another electrolyte furnishing the 4* and B™ 
ions be added to the above solution, it will increase the 
concentration of either 4* ions or B™ ions (whichever has been 
_ added) and in order that K may remain constant, the 
concentration of AB must increase, ié., the equilibrium will shift 
to the left hand side. 

In other words, the degree of dissociation of an electrolyte 
(weak) is suppressed by the addition of another electrolyte 
(strong) containing a common ion. This is termed as common 
ion effect. Acetic acid is a weak electrolyte and its.ionisation is 
suppressed in presence of a strong acid (H* ion as common ion) 
or a strong salt like sodium acetate (acetate ion as common ion). 
Similarly, the addition of NH,Cl or NaOH to NH,OH solution 
will suppress the dissociation of NEGOH due to common ion 
either NHj or OH ~ 


As a result of common ion effect, the concentration of the 
ion not in common in two electrolytes, is decreased. The use of 
this phenomenon is made in qualitative analysis to adjust 
concentration of S$?” ions in second group and OH™ ion 
concentration in third group of analysis. 


£3398 Some Sotvep ExAMPLES\ $$$32:. 


Example 6. The ionisation constant of HCN is 4x107'°. 


Calculate the Goncentiaion of hydrogen ions in 0.2 M solution of 
HCN containing |mol E' of KCN. 


Solution: The.dissociation of HCN is represented as 


HCN<==H* + CN 


Applying law of mass action, 


K, = [H" ICN" ] or [H* j= 
[HCN]. 


K, [HCN] 
[CN™] 


In presence of strong electrolyte, the total CN” concentration 
comes from KCN which undergoes complete dissociation. It is 
further assumed that dissociation of HCN is very-very small and 
the concentration of HCN can be taken as the concentration of 
undissociated HCN. 


Thus, [HCN] =0.2 M and [CN” ]=1M 
Putting these values in the expression 
K,(HCN]_4x107'° x 0.2 


[H"]= = 
[CN™] 1 


=8x10"! mol L? 


Note: When KCN is not present, the [H* ] concentration is equal to 


VCK, ie, 40.24 x 107! = 8.94 x 10°¢ mol L”!. This shows 


that concentration of H* ions falls considerably when KCN is 
added to HCN solution. 


Example 7, Determine the concentration of hydroxyl ions 
in 0.4 M NH. 4OH solution having (i) no ammonium chloride and 
(a) 5.35g of NH, Clin a litre of the solution. Ionisation constant 
of NH ,OH is 1.8x 10°. 


Solution: (i) Let ‘a’ be the degree of dissociation of 
NH, OHin absence of NH, CL 


Q= Ky 
Vc 
So, [OH- ]= Co. =, =1.8x10° x04 
= 2.68x 107? mol L7 
(li) In presence of NH,CL 


(NHi ]=22° =0.1M and (NH,OH]= 04M 


53.5 
5 
So, [OH" ]= A INELONI 4 18x 1050.4 
[NH, ] 0.1 
=7.2x 10> mol L” 


xample 8. When 0.100 mole of ammonia, NH;, is 
dissolved in sufficient water to make 1.0 L of solution, the 
Solution is found to have a hydroxide ion concentration of 
1.34 x 107? M. Calculate K , for ammonia. 


Solution: 

NH, - +H,O== NH; 

At equilibrium (0.100 - 1.34 x 1073) 4 134 x 1073 M 

+ OH 
= 0.09866 M 134x107 M 
- ~3 ~3 
x, =iNHa OH }_134x10 x 1.3410 = 1.8199 1075 
[NH; ] - 0.09866 


“Example 9. .K, for HA is 4.9x10°. After making the 
necessary approximation, calculate for its decimolar solution 

(a) % dissociation 

(b) H™ ion concentration. 

Solution: (a) For a weak electrolyte, 


8 
sic as [4.9x10 pe 
Cc 0.1 


lonic EQUILIBRIUM 


% dissociation = 100xa = 100x 7x 107 


=7x107 
(b) H4 = H + A 
CU-a@ Ca Ca 


[H* ]J=Cxa=0.1x7x107 =7x 10° mol L* 
Example 10. Nicotinic acid (K,=14x10°) is 
represented by the formula HNiC.. Calculate its per cent 
dissociation in a solution which contains 0.10 mole of nicotinic 
acid per 2 litre of solution. (IT 1993) 
Solution: Initial concentration of the nicotinic acid 


i = = 0.05 mol L? 


HNiC == H* + Nic 
(00S-x) ox x 
As xis very small, (0.05 — x)can be taken as 0.05 
_[H'JINiC’]_ xxx 
~— (THNiC] 0.05 
or x? =(0.05)x (14x 10°) 
or x=0.83x10° mol L 
0.83 x 107 


0.05 
Alternative method: Leta be the degree of dissociation 


Equilibrium conc. 


K 


a 


% dissociation = x 100 = 1.66 


HNiC == H* + NiC 
At equilibrium 0.05 (1- a) 0.05a 0.050 
_ 0.050 x 0.050 
* 0.05 (1- a) 
Aso is very small, (1—-a )——> I. 
So, 14x 10° =0,05a? 


=5 
or ot ee =1.67x 107 
“N0.05 is 


Per cent dissociation =100 x a = 100 x 1.67x 107 
= 1.67 


xample 11. At 30°C, the degree of dissociation of 

0.066.M HA is 0.0145. What would be the degree of dissociation 

of 0.02 M solution of the acid at the same temperature? 
Solution: Let the ionisation constant of the acid be K,. 


Degree of dissociation at 0.066 M concentration = 0.0145. 


Applying a= “2 
0.0145 = Ka ... (i) 
0.066 


Let the degree of dissociation of the acid at 0.02 M 
concentration be o,. 


Oo, = a w (il 
'” ¥o.02 @) 
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Dividing eq. (ii) by eq. (i), 


al D066: Aes166 
0.0145 Y 0.02 | 
or ot, = 0.0145 x 1.8166 = 0.0263 


eEXdmple 12. 4 solution contains 0.1M H,S and 0.3 M 
HCl. Calculate the concentration of S? and HS~ ions in 
solution. Given K, , and K,, for os are 107" and 13x10" 


respectively. GIT 1992) 
Solution: H,S=——H’ + HS” 
+ - 
_, = UBS] =a 
[HS] 
Further HS~ =H* +S? 
+ 2- : 
ats hee 
[HS] i 
Multiplying both the equations , 
ee *{S"] 
ie [H,$] 


Due'to common ion, the ionisation of H,S is suppressed and 
the [H” ]in solution is due to the presence of 0.3 MHCI. 


[s?-]= Ka, X Ka, [HS] _1.0x107 x1.3x 10" x (0.1) 
[H*y (0.3) 
=144x10 4 
Putting the value of [S?" Jin eq. (ii), 
0.3 x 1.44 x 10° 


13x10°? = 
[HS™ ] 
2 —20 
or (Hea ee ee aio tae 
: 1.3x107% 
niple 13. What is the H* ion concentration of a 


solution known to contain 0.1g mole of CH ,COONH, in one litre 
of 0.1M CH,COOH? Assume effective ionisation of ammonium 
acetate is 80%.K , for acetic acid is 1.8x 10°. 


Solution: | CH,COOH=—=CH,COO” +H” 
(0.1 ~ x} x x 
_ [CH;COO™ ][H"] 
“— [CH, COOH] 


The solution also contains CH,COONH, which is 80% 
dissociated, ie, @ =0.8. Thus, the acetate concentration 
provided by 0.144 CH, COONH, = 0.1 x 0.8= 0.08 


Total [CH, COO” ]=(0.08 +x) M 
dees Bp iad fay 
(0.1-x) 


As xis very small, (0.1— x) —>0.land neglecting x”, 


_ 0.08 x 
a DL 


K 
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or 1.8x 107 x 0.1= 0.08x 


1.8x 10° x 0.1 


or x=fH* |= 
Wy 0.08 


=2.25x 10> mol L! 


mple 14. Ostwald obtained the following table by 


determining the equivalent conductivities containing one gram | 


_ equivalent of acetic acid in V litre. If the equivalent conductivity 
of acetic acid at infinite dilution be 364, show that the results are 
in agreement with Ostwald’ law. 


Volume in litre V) Equivalent conductivity 


8 4.34 
64 12.09 
— 128 16.99 
Solution: Degree of dissociation, @ = Bie 
34 
i &, =——=0.0119 
@ ae 
ds 12.09 
ii = = 0.0332 
~ > 364, 
is 16.99 
ill 1, =—— = 0.0467 
(iii) aerry | 


’ Now applying Ostwald’s dilution law, 
_ af _ 0,0119x 0.0119 


(i) K, =1.77x 107° 
nF : 
2 
Gi) K, = Std. = 20332x 0.0332 _ a9. gr 
V; 64 
: : 
Gi ee oe PO ea oid 
Vy, «128 


The values of K , are nearly the same which show the validity 
of Ostwald’ s dilution law. 


©. 


Ap ple 15. Calculate. the dissociation constant of 
H sc; Ox Gal acid )if 0.02 M solution is 2% dissociated. . 

Solution: H,C, 0, SS 2H* + C0F 
”* C (1-9) 2a = Co 

_{H' PIC,07 J 

© [H,C,0,], 
_ (2Ca)? x (Ca) 
C(l-a) 
4C*o? 


=———  [{l-~a —- las qa is small] 


l-a 


=4C*a? 
=4x 0.02 x 0.02 x (0.02)° 
=1.28x10° 


1. A monoprotic acid in 0.1 M solution ionizes to 0.001%. Its 
ionisation constant is: 


(aylx1O? = (by 1x 10° @ixio® @ixio! 


| fAms.  (d)] 


2 
. ra ; 0.001 
fin! a= J/—4* or K, =Ca’=0.1K) —— 
Vat he 100 


=1x107!] 
2. The hydrogen ion concentration in mol/dm? in 0.2 M solution 
of weak acid, HA (K,, = 2 x 10° )is close to: 
(a)2x 10° .(b)2x104 (c)2x 107 (d) 2x 10° 
[Ams. (¢)] 


(Hint: [H,O* ]=,/CK, ailpaxa uit? <2xi62} 


3.. Autoprotolysis constant of NH, is: 


(a) [NH; ]{NH3] (b) [NH INH, ] 

(©) (NHS INAS] one 

fAns. (c)] 

(Hint: Autoprotolysis of NH, takes place as: - 


2NH, == NH? + NH> 
= [NH, ][NH3]] 


4. The degree of ionization of an acid H4 is 0.00001 at 0.1 M_ 
concentration. Its dissociation constant will be: 


_Autoprotolysis constant 


(a) 10° (b) 10°° (c) 107)! (d) 1077 
. [Ans.  (c)] 
{Hint: For jenny acid HA: 


= Co? = 0.1x (105? = eh 

5. The first = ‘Gian dissociation constants of an acid, HLA, 
are 1.0x10° and 5.0x10° respectively. The overall 
dissociation constant of the acid will be: ._ (AIEEE 2007) 
(a) 0.2x 10° ((b)5.0x108 
(c) 5.0x10°% . (d) 5.0x 105 
[Ans. (c)] 
(Hint: Ky aK xK,, 
=1x10°x 5x 107% 


25x10] 


464 SOLUBILITY PRODUCT 


If to a given amount of solvent at a particular temperature, a 
solute is added gradually in increasing amounts, a stage is 
reached when some of the solute remains undissolved, no matter 
how long we wait or how vigorously we stir. The solution is then 
said to be saturated. A solution which remains in contact with 
undissolved solute is said to be saturated. At saturated stage, 
the quantity of the solute dissolved is always constant for the 
given amount of a particular solvent at a definite temperature. 

In case, the solute is an electrolyte, its ionisation occurs in 
solution and degree of dissociation depends on the concentration * 
of dissolved electrolyte at a particular temperature. Thus,. in a 
saturated solution of an pas fa two equilibria exist and can be 
represented as: 


ABS AB =H ATH+E 
Solid Unionised — 
(Dissolved) ons 


Applying the law of mass action to the ionic equilibrium, 


IONIC EQUILIBRIUM 


[A* 137] 
[AB] 

Since, the solution is saturated, the concentration of unionised 
molecules of the electrolyte is constant at a particular 
temperature, i.e.,[4B]=K’ =constant. © 

Hence, [A* ][B” ]= K[AB]= KK’ = K, (constant) 
K, is termed as ‘the solubility product. It is defined as the 
product of the concentration of ions in a saturated solution of 
an electrolyte at a given temperature. 


Consider, in general, the lec oy of the type 4,.B,, which is 
dissociated as: 


=K 


AB eB 
Applying law of mass action, 
(ae yey: 
| ‘14,By] 
When the solution is saturated, 
. [A,B,]=K’ (constant) 


or [A**]}'[B* ? = K[A,B, ]= KK’ = K, (constant) 


Thus, solubility product is defined as the product of 
concentrations of the ions raised to a power equal to the 
number of times the ions occur in the equation representing 
the dissociation ‘of the electrolyte at a given temperature 
when the solution is saturated. 

[Note: Solubility product is not thei ionic product under all conditions 

’.. but only when the solution is saturated. ] 


| Different Expressions for Solubility Products 


@ haa of the Pe AB: Its ionisation is represented 


as: v 
. nea AB Sa At eB 
ee Mee ce Pa 1 
 agcl == Agt +CI; K, =[Ag* ][Cl"] 
BaSO, —=Ba2*+$02;  K, =[Ba?* ][SO2"] 
(ii) Electrolyte of the type 4B,: Its ionisation is 
represented as: 


AB; =A" 428" 


Ths, | K,=[4?*][B fp 
PbCl, == Pb”* + 2CI° ; ae Pb?" I[Cl- ]? 
CaF, == Ca”* +2F ; =[Ca** ][F 


(iii) Electrolyte of the type ine Its ionisation is 
‘represented as: : 


A,B == 2A* +B™ 
"Thus, | K, =[4*?[B™] 
" Ag,CrO, ==2Ag* +CrO?; K, =[Ag* 
H,S== 2H" +S” ; 


P[CrOz J 


K, =(H’ PIs] 
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(iv) Electrolyte of the type A,B,: 
represented as: 


Its ionisation is 


AR 1A 43R 
Thus, K.=(A*/(e- 7 
As; 53:5" 2As) 4387" 3K, spucael 
Sb,S; == 2Sb3* +38? ; =[Sb** ?[s7- 7 


(v) Electrolyte of the type ae Its ionisation is 
represented as: 


AB, == A** +3B7 
Thus, K,=[A* [BP 
Fe(OH), == Fe** +30H” ; K, =[Fe** [OH }° 
All; Al 4305 Ky = [APT]? 


Solubility product of a weak electrolyte: Let degree. of. 
ionisation of weak electrolyte A,B, be‘. ~ 


A,B, <= mA™ +B" 


t=0 S 0 oO 
leg S - Sa ‘mSO., nSa 
Be =[A™ )"[B""]" 
=[mSa]”[nSo]" 


. Ky =m™"n" (Sa)"*" 


Criteria of precipitation of an electrolyte: A very useful 
conclusion is derived from the solubility product concept. No 
precipitation of the electrolyte occurs if the ionic product is less 
than the solubility product, i.e., the solution has not reached the 
saturation stage. a. 

Case 1: When K;, <K,,, then solution is unsaturated in 


which more solute can be dissolved: 


Case Ii: When K = =K = then solution is saturated in 


which no more solute can be dissolved. 


Case Til: When K,,, >K 


and precipitation takes ae 

When the ionic product exceeds the solubility product, the 
equilibrium shifts towards left hand side, i.¢,, increasing the 
concentration of undissociated molecules of thé electrolyte. As 
the solvent can hold a fixed amount of electrolyte at a definite 
temperature, the excess of the electrolyte is thrown out from the 
solution as precipitate. 

Thus, for the precipitation of an electrolyte, it is necessary 
that the ionic product must exceed its solubility product. For 
example, if equal volumes of 0.02 4 AgNO, solution and 0.02 @ 
K,CrO, solution are mixed, the precipitation of Ag,CrO, 
occurs as the ionic product exceeds the solubility, product of 
Ag,CrO, which is 2x 107”. 


In the resulting solution, 
0.02 
2 


sp» then solution is supersaturated 


[Ag*]=—“=0.01=1x 107 M 


and _ [Cr rof |= 99? = 0011x107 
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lonic product of Ag,CrO, =[Ag* ?[CrOF ] 
=(1x107) (1x 107): 
=1x10°° 


1x10 is higher than 2x 10-'* and thus precipitation of 
Ag,CrO, occurs. 


Relationship between Solubility and Solubility Product 
Salts like Agl BaSO,, PbSO,, PbI,, etc., are ordinarily 
. considered insoluble but they do possess some solubility. These 
are sparingly soluble electrolytes. A saturated solution of 
sparingly soluble electrolyte contains a very small amount of the 
dissolved electrolyte. It is assumed that whole of the dissolved 
electrolyte is present in the form of ions, i.e., it is completely 
dissociated. , 


The equilibrium for a saturated solution of any sparingly 
soluble salt may be expressed as: 


A,B, <> xd" + yB* 
Thus, solubility product, K, =[4?* [BP 


Let ‘S’ mol litre“! be the solubility of the salt; then 
A,B, == xA”* + yBr 
xS yS 
So, K, =[xS}‘[yS)V 
=x" Lyr(syty 
@ 1:1 typesalts: Examples: AgCl, Agl, BaSO,, PbSO,, 
etc. : 
Binary clectrelyte: 423 == 4" +B 
Let solubility of AB be S mol litre”!. 
So, K, =[A*][B°]=SxS=S? 
or S= VK, 
@ 1:2 or 2:1 type salts Examples: 
Ag,CrO,, PbCl,, CaF,, etc. 


“Termary electrolyte: 48, =a" + 2B 


Ag,CO,, 


Let solubility of AB, be S mol litre. 
So, K, =[A* ][B° 2 =SxQsy =4s° 
or S=3{K,/4 : 
B24 aR 
; 28 AY 
Let S be the solubility of A,B. 
K,=[A*)[B*] 
= (28) (S)= 4S? 
or * gs =3K,/4 
(i) 1:3 type salts Examples: 
Al(OH);, etc. 
Quarteraary clectralyte: 48, =a" +3B : 


All, , Fe(OH), $ Cr(OH); > 


Let S mol litre! be the solubility of 4B. 
K, =[A* [BP =Sx Sy =2784 
or 8 =4K 27 
The presence of common ion affects the solubility of a salt. 
Let AB bea sparingly soluble salt in solution and A’B be added to 


it. Let § and S’ be the solubilities of the salt 4B before and after 
addition of the electrolyte A’ B. Let cbe the concentration of A’B. 


Before addition of 4’B, K, = S? .. Gi) 

After addition of 4’B, the concentration of A* and B™ ions 

become S’ and (S’ + c), respectively. 

So, K, =S'(S’ +c) 
Equating eqs. (i) and (ii), 

S? =§'(S’ +c) 

Calculation of remaining concentration after precipi- _ 


tatien: Sometimes an ion remains after precipitation if it is in~ © 
excess. Remaining concentration can be determined, e.g., 


... (ii) 


; K,, [AB] 

A’ = 
(i) [ Vek [Bo] 
4. ~~ Kw [Ca(OH 
Gi) [Ca** ]jeq eS 

Kak} 

aes Alt m fe sp mn 
(iit) [A Tice Bey By 


Percentage precipitation of anion _ 
Initial conc. — Left conc. 
Initial conc. 
Simultaneous Solubility 
- Solubility of two electrolytes having common ion; when they 


are dissolved in the same solution, is called simultaneous 
solubility, e.g., 


Gi) Solubility of AgBr and AgSCN, when dissolved together. 
(ii) Solubility of CaF, and SrF,, when dissolved together. 
ii) Solubility of MgF, and CaF,, when dissolved together. 


Calculation of simultaneous solubility is divided into two 
cases: ; 


Casel: When the two electrolytes are almost equally strong 
(having close solubility product), e.g., 


AgBr (K,, =5x 10°); AgSCN(K,, = 1077) 
(See example 26.) 
Here, charge balancing concept is apr'ied. 
Charge of Ag* =Chargeof Br~ + Charge of SCN” 
[Ag*]J= [Br ] + [SCN] 
(at+b)= a b 


Case li: When solubility products of two electrolytes are 
not close, i.e.,they are not equally strong, e.g., 


IONIC EQUILIBRIUM 


CaF, (K,,=3.4x10"');  SrF, (Ky =2.9x10") 
Most of fluoride ions come of stronger electrolyte. 
“2233883 QQSome Soiven Examptes\ $335 


xample 16. The solubility product of silver chloride is 
1.5625 x 107! at 25°C. Find its solubility ing L'. 
Solution: Let the solubility of AgCl be S mol litre’. 


AgCl == Ag* + CI 
AY AY 


S? = 1.5625 x10" 
or S =1.25x 10° mol L! 
Molecular mass of AgCl = (108 + 35.5) =143.5 
So, Solubility in g litre”! 


Hence, 


= Mol. mass x S 
= 143.5x 125x107 
=1.79x107% gL! 


Example 17. The solubility of PbSO, in water is 0.038 
gl” at 25°C. Calculate its solubility product at the same 
temperature. 

Solution: Solubility (S )of PbSO, in mol L"'" 


Mol. mass of PbSO, 303 
The equilibrium is 


PbSO, == Pb** + SOF” 
§ Ss 
So, K, =[Pb?* ][SO7 J=SxS=S? 


or —«K, = 1.254x 10 x 1.254 x 10 = 1.573x 10% 


Example 18. The concentration of Ag” ion in a saturated 
solution of Ag,CrO, at 20°C is 15x10 mol L'. Determine 
the solubility product of Ag,CrO, at 20°C. 
Solution: The equilibrium is: 
Ag,CrO, ==" 2Ag* + CrO7 
On the basis of this equation, the concentration of CrOZ ions 
will be half of the concentration of Ag” ions. 
Thus, [Ag*]=1.5x10°* M and [CrO} ]=0.75x 10“ M 
K, =[Ag* ]*[CrOz ]=(1.5x 10%)? (0.75x 10%) 
= 1.6875 x 10°? 
Example 19. The solubility product of | BaSO, is 
1.5x 107°. Find out the solubility in (i) pure water and (ii)0.1M 
BaCl, solution. 
Solution: The equilibrium is: 
(i) BaSO, == Ba** + SOF 
Let S be the solubility in mol litre~!; then 
K, =[Ba** ][SO7 ]=S? 
or 15x10? =S? 
So, S =3.87x 10° mol L" 


(ii) Let S’ be the solubility of BaSO, in 0.1 M BaCl, solution. 
Total Ba”* ions concentration = (S’ + c)mol L™! 


and SO7 ions concentration = $’ mol L™ 
So, K, =(S’+c)S’ 34S’ + 0.1) S’ 


” or 1.5x 10° =(S’+ 0.1) 8’ 


or (S’? + 0.18’ =1.5x 10° 
Neglecting (S’ )?, . 
0.18’=1.5x 10° 
or S’=1.5x10 mol L! 
SE Example 20. The solubility of Mg(OH), in pure water is 
9.57x10° gL. Calculate its solubility in g '' in 0.02 M 
Mg(NO, ), solution. 
Solution: Solubility of Mg(OH), in pure water 
— =957x10% gL" oe 
_ 957x107 . 
~ Mol. mass 
_ 957x107 
58 
Mg(OH), == Mg** + 20H” 
RY 28 


mol L! 


=1.65x 107 mol L”! 
Further, 


K, =[Mg”* ][OH” ?? =S x (2Sy’ =483 =4x (165x107)? 
= 17.9685 x 10°? 
Let S’ be solubility of Mg(OH), in presence of Mg(NO; ),. 
[Mg** ]=(S’ + c)=(S’ + 0.02) 
[OH’ ] = 2S’ 
So, Ks =(S’ + 0.02)(2S’ 
17.9685 x 10°7!? = 4(S’ ° (S’ + 0.02) 


—12 
17.9685 10? _ (5453 4 0x5")? 


4 
[neglecting (S’ )°] 
4.4921x 10°? = 0.045’) 
or (s’y? BOE) iy 
0.02 
or S’ =14.9868x 10° mol LD! + © 


Solubility of Mg(OH), in g litre™! = S’ x M 
= 14.9868 x 10° x 58 
= 8.69x 10% g Li! 
Ss Example 21. The solubility product of lead iodide is 
1.4x 107°. Calculate its molar solubility in 0.1 M KI solution. 
Solution: Let the solubility of Pbl, be S. Then, 
Pbl, == Pb”* + 21" 
Ss _  § 2S 


Potassium ‘iodide is a strong electrolyte and is completely 
ionised. It shall provide I” ion concentration = 0.1 M. 


Se ee Snare Sen SOE aT ee ar 


664 G.R.B. PHYSICAL CHEMISTRY FOR COMPETITIONS 


[Pb?*]=5 
— (]=2s+01M 
Ky =[Po™ UIP 
=§ x (2S +0.1)" 
=S x (4S? +0.01+ 0.48) 
=487 +0015 +045” 
_ Neglecting S? and S”, 
1.4x 108 = 0.015 
14x10% 
0.01 


~ Example 22. The solubility product ie lead bromide is 
8 x107, If the salt is 80% dissociated in saturated solution, find 
the solubility of the salt. — - 
Solution: Let S be the solubility of the salt 
Degree of dissociation of the salt = 0.8. 


PbBr, == Poo + 2Br 
x 


=r? ypae 7 


or 230 S= =14x10° mol L7! 


= (0.85)x (1.657 
= 2.0485? 


53 8% 10° 
2.048 


or = 3.906x 10~> 


S =4/3.906x 10° = 3.39 107 mol L 


Mol. mass of PbBr, = 367 
. Solubility of PbBr, =3.39x 107 x 367=12.44g L! 


“.. Example 23. 4 solution has 0.05 M Mg?* and 0.05 M 


NH,. Calculate the concentration of NH ,Cl required to prevent 
the formation of Mg(OH), in this solution. K,, of Mg(OH), 
=9.0x 10°” and ionisation constant of NH = L 8x 10°. 
. (IT 1993) 
Solution: The maximum concentration of [OH ] ions that 
will precipitate eee is calculated by applying the equation 
= [Mg ** [OH ]° 
Ky _ 90x10? _ 


or [OH ]=1.34x 10° M 
NH, is present in solution in the form of NH,OH 
NH, + H,O=== NH,OH == NH; + OH™ 
0.05 0.05 
The ionisation of NH, OH is suppressed by the addition of 
NH, Cl (Strong electrolyte). 


[NH JOH” ] 
[NH, OH] 


Knats = Kyu,on = 


Whole of the concentration of NHj ions is provided by 
NH,CL 
Kyu,on * [NH,OH] 

[OH] 
_ 18x 10° x 0.05 _ 0.067 M 
1.34x 10° - 

i.e, [NH,Cl] = 0.067 
- Example 24. The solubility product of AgyC1O, at 25°C 


[NHq ]= 


is 5 129x107 mol? L?. A solution of K,C,04 containing 


0.1520 mole in 500mL of water is shaken with excess of Ag,CO; 
till the following equilibrium is reached. 
Ag,CO, + K,C,0, aoe Ag,C,0, + K,CO, 
At equilibrium, the solution contains 0.0358.mole of K,CO3. 
Assuming the degree of dissociation of K,C,0, and K,CO, to 
be equal, calculate the solubility product of Ag,CO,. (HIT 1994)... 
Solution: =~ 7 


Ag,CO,+ K,C,0, == Ag C,0, + K,CO, 
0 


Initial ; 0.1520 mole 
At equilibrium (0.1520 — 0.0358) 0.0358 mole 
Concentration ie ie 2 x 0.0358 
= 0.2324 M = 0.0716 M 
Kg Ag,C,0, =[Ag* ?[C,0F ] 
V2 
a= [ 2 a) 
; [C,07 ] 
K Ag CO, =[Ag* [COS 1 
. | | [Cor | 
Aa V2 : 1/2 
So = neat i al 
[C,0F ] [coz] 
K,, Ag,C,0, x[CO2” 
ash 3% Ky Ag,CO, = sp A200, x[CO3 ] 
[C,07 ] 
K,CO 
= Ky Ag,C,0, IK2C03] 
[K,C,0,] 
=1,29x 10 x a =3.97x 10°? mol? L* 


_. Example 25. 20 mL of 0.001 M AgNO, solution is added 
to 1 litre of 0.002 M K,CrO, solution. Will there be any 
precipitation? K ,, of Ag,CrO, is 2.410" a: 


Solution: No. of moles of Ag* in 20mL 
=” x o.001= 2% 108 | 
1000 


No.of moles CrO% in one litre = 0.002 =2 x 107 
After mixing, total volume of the solution — 


= 1000 + 20=1020 mL =1.02L 


IONIC EQUILIBRIUM 


2x10 
Ag’ ]= 
[Ag l= 9 


p= 2X" 
02 


=1,96x 10> 


=1.96x 107? 


[croz ]= 


Tonic product = ne ] *1CrO2- J 
= (1.96 x 10? (1.96 x 10° ) 
=7.53x108 


There will be no precipitation of Ag ,CrO, as ionic product is 
Ices than solubility product. 


"Example 26. Calculate simultaneous solubility of AgCNS 
and AgBr in a solution of water. K,, of AgCNS =1x 1, 


_ cide 
K,, of AgBr=5x 10 


Solution: Let the solubility of AgCNS and en in water be 
aand b respectively. 


AgCNS == Ag” + CNS” 
a : 
AgBr == Ag’ + Br™ 
[Ag*]=a+ +, [CNS"]= a sid [Br ]=b 
| K,,AgCNS =[Ag* ][CNS” ]= a(a + 5) 
1x 10°? = a(a+b) (i) 
K,, AgBr=[Ag* ][Br- ]= (a +) 
 $x103 = b(a + b) 
Dividing eq. (i) by (ii), 


... (ii) 


1x10? a 
sx108 6 
=— or a=2b 


Putting the value of a in eq. (i), 

‘6b? =1x10°” 

bp? =4 x10? 
6 
- b= 4.08107 mol Lt 
a=2x4.08x 107 
~ =8.16x107? mol L! 
Example 27. The K ,, of Ca(OH), is 4.42.10" at 25°C. 


500 mL of saturated solution of Ca(OH), is mixed with equal 


volume of 0.4 M NaOH. How much Ca(OH), in mg is 
precipitated? _ (LIT 1992) 
Solution: Let S be the solubility of CatOl; in saturated 


solution. 


Ca(OH), === Ca”* + 207 


' Kg Ca(OH), =[Ca” [OH ]’ 
442x105 =S x48? =45? 


| 665 
S = 0.0223 mol L"! . 
After mixing the two solutions, the total volume becomes 
| litre. 
[Ga |= 0.0223 500=0.01115 mol L” 
“1000 
0.0223 x 2 x 500 " 
1000. 
[From Ca(OH), ] 
Under the high concentration of OH” ions, some Ca(OH), 
will be precipitated. : 
** Vien [OH]? = K 


0.4x 500 


1000 
(From NaOH) 


[OH ]= = 0.2223 mol L! 


[Ca 
[Ca** Jia ee 8.94 1074 mol L7! 
(0.2223) 


Moles of Ca(OH), precipitated = Moles of Ca a precipitated~—~ 


=[Ca Y Jinitit ~ [Ca** lhett 

= 0.01115- 8.94 x 10 

=111.5x 10 — 8.94 x 10 
= 102.56x 10 M = 102.56x 104 x 74g 


= 7589,44 x 10 g = 758.944 mg 


6. The solubility product of sparirigly soluble salt Ag,CrO, is 
4x10. The molar solubility of the salt is: 
(a) 1x10 mol L! (b) 2x 10°° mol L™! 
(c) 1x 10° mol L™! (d)2x 10 mol L7! 


[Ans. (a)] 
(Hint: K,, =[Ag* }*[CrOz ] 
If sélubility of Ag,C10, is S”, then[Ag* ]= 25 and[CrOZ ]= S. 
Ky =4S° 
4x10" +453 
S=1x10% M] 
7. The solubility of PbSO, at 25°C is 1.1x 10 mol/L. Then its | 
Key is: 
(a): 1.21x 10° (b) 12.1x 10° 
(c) 121x107"! (d) 1.21 10°! 
[Ans. (a)] . 
[Hint: PbSO, is a binary electrolyte, hence its K,, can be 
calculated as: 


1 Ge = §? =[L1 x10 =1.21x104} 


8. The solubility of CaF, (K, = 3.4 x 10"'!)in 0.1 M solution of 
NaF would be: 
(a)3.4x10" M 
(c) 3.4.x 10° M 
[Ans. (c)] 
[Hint: Oh = — CoP + 2F 


(b) 3.4 x 107° M 
(d)3.4x 10? M 
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NaF ——> Na* + F” 

0.1 . OL 

[F ]=[2x + 0.1]=0.1M 
K, =[Ca™ [F-}? 


[Ca** ]= x, 


3.4 x 107! = x(0.1) 
x=3.4x10° M] 


The solubility product of AgCl is 1.8 x 10°. Precipitation of 


AgCl will occur only when equal volumes of which of the 
following solutions are mixed ? 


(a) 10* M Ag* and 10% M C17 
(b) 10”? M Ag* and 1077 M C17 
(c) 10° M Ag* and 10° MC1~ 
(d) 107" M Ag* and 107° MCl~ 
[Ans. (a)] | 

[Hint: After mixing, 


[Ag ]=5 x10 = 5x10 M 
[Cr ]=5 x 104 = 5x10" M 


~ 52 -9 
Ky =[Ag" ICI" ]= 6 x 10° = 2.5 x 10 


Since, ionic product is greater than solubility product, hence 
precipitation will take place.] 
If x mol L”’ is the solubility of KAI(SO, ), then K,, is equal 


to: 


(a) x° (b) 4x4 (c)x* (d) 4x° 
[Ans. (b)] 
[Hint: KAK(SO,),-—>» K* + AI** + 2807 

x x 2 


Kg =[K* ][Al™* ][80% }? 
=xxxx (2x) = 4x4] 


For which of the following sparingly soluble salt, the 
solubility (S') and solubility product (K,, ) are related by the 


expression: 
K. 73 
S= Ea [PET (Kerala) 2006] 
(a) BaSO, (b) Ca,(PO,), (c)Hg,Cl, (d) Ag,PO, 
(e) CuS 
[Ans. (@)] 


(Hint: Hg,cl, —> Hg; + 2Cl 
§ § 28 


K, =(Hg}" [cr ? =[S][2s)’ = 48° 


The solubility of Sb,S, in water is 1x 10° moV/L at 298 K. 
What will be its solubility product? [PMT (Raj) 2006] 
(a) 108 x 10° (b) 1.0 x 10° 

(c) 144 x 10° (d) 126 x 10° 

[Ans. (a)] 
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[Hint: Sb,S, —> 2Sb** + 3S? 
s 


PAY 38 
K, =[Sb™ [8] =[28 [38]? = 108 8° 
=108 x (10°) = 108 x 10°] 


Applications of Solubility Product 
(i) Purification of common salt 

Natural common salt consists of many insoluble and soluble 
impurities. Saturated solution of common salt is prepared and 
insoluble impurities are filtered off. Hydrogen chloride gas (HCI) 
is circulated through the saturated solution. HCl and NaCl 
dissociate into their respective ions as: 

NaCl === Na* +Cl- 
HCl===H* +c 

The concentration of Cl” ions increases considerably in. 
solution due to ionisation of HCl. Hence, the*ionic product™ — 
[Na™ ][Cl” ] exceeds the solubility product of sodium chloride 
and, therefore, pure sodium chloride precipitates out from 
solution. 
(ii) Salting out of soap 

Soap is a sodium salt of higher fatty acids. From the solution, 
soap is precipitated by the addition of concentrated solution of 
sodium chloride. Soap and sodium chloride are present in the 
form of ions. 

Cy Han + CQONa == C,Hz,4{COO™ + Na* 
oap 


NaCl == Na* + Cl” 


Thus, the concentration of Na” ions increases considerably on 
addition of NaCl solution. Hence, the ionic product 
[C,,H2, +; COO” |[Na* ] exceeds the solubility product of soap 


and, therefore, soap precipitates out from the solution. 
(iii) Manufacture of sodium bicarbonate (baking soda) 

In Solvay’s soda process, CO, gas is passed through 
ammonical brine to precipitate out NaHCO,. 

NH,OH+ CO, ——»> NH,HCO, 
NH,HCO, + NaCl ——> NaHCO, + NH,Cl 

NaHCO, is precipitated first because of its lower solubility 
product as compared to those of NH,Cl, NH,HCO, and NaCl. 

Thus, baking soda (NaHCO, )can be quantitatively estimated. 
(iv) Application of solubility product in quantitative 

analysis 

1. Estimation of barium as barium sulphate: H,SO, as 
precipitating agent is added to the aqueous solution of BaCl,. 

BaCl, +H,SO, -—> BaSO, + 2HCI 

Precipitation of BaSO, takes place when its ionic product 
exceeds solubility product. H,SO, is added in slight excess to 
ensure complete precipitation. Large excess of H, SO, is harmful 
for complex formation. 

2. Estimation of silver as silver chloride: NaC] solution 
is added to the silver nitrate solution; slight excess of NaCl is 
added to ensure complete precipitation. 

AgNO, + NaC] ——~ AgCl + NaNO, 
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Again, precipitation of AgCl takes place when ionic product 
of AgCl exceeds its solubility product. 

3." In a similar manner, we estimate lead as lead chromate, 
calcium as calcium oxalate, etc. 


(v) Precipitation of the sulphides of group land IV 


Hydrogen sulphide is a weak electrolyte and is used for the 
precipitation of various sulphides of group II and IV in 
qualitative analysis. 

It ionises to a small extent in water: 

HS "2h +s” 

Applying law of mass action, 

_*Y(s* ] 
[H,S] 

The concentration of S?~ ions can be decreased by increasing 
concentration of H” ions and it can be increased by decreasing 
concentration of H* ions. In group II, lower concentration of 
sulphide ions is required as the solubility products of the 
sulphides of group II are low while higher concentration of 
sulphide ions is required in group IV as the solubility products of 
the sulphides of group IV are high. The values of solubility 
products of various sulphides at are given below: 


/ Solubility siaaice “é 
~1.6x 1077 
4x10" 
Group II ~CuS 1x 10-4 
PbS 5x10 
CdS 1.4 x 10°78 
CoS 3x 10°76 
NiS 1.4x10°% 
Croup’ ZnS 1.0x 10° 
Mn - 14x10 


The concentration of S*~ ions in group II is lowered by 
maintaining acidic medium. In the presence of HCI, the ionisation 
of H,S is suppressed due to common ion effect. The concentration 
is so adjusted that only ionic products of the sulphides of group II 
exceed their solubility products and, therefore, get precipitated. 
However, CdS has somewhat higher value. For its precipitation, 


dilution of the solution is done which increases ionisation of H,S' 


and thereby increasing concentration of $?- ions. 

In group IV, higher concentration of S*- ions is needed. This 
is done by changing the medium from acidic to alkaline. 
Ammonium hydroxide is added, the OH™ ions furnished by 
NH,OH remove H* ions from solution in the form of water 
molecules as, 

H* +OH” =H,0 

More of the ionisation of H,S occurs and, thus, concentration 

of S*" ions increases. It becomes so high that ionic products of 


the sulphides of group IV exceed their solubility products and — 


they get precipitated. 


(vi) Precipitation of Ill group hydroxides 


When NH,OH is added in presence of NH,Cl then 
precipitation of III group hydroxides takes place, i.e., AI(OH);, 
Fe(OH), and Cr(OH), are precipitated. Solubility product of II 
group hydroxides is less than those of higher group hydroxides. 

NH,Cl—> NH,’ + CI- 


NH,OH== NH,’ + OH™ 


NH, ion furnished by NH,Cl lowers the ionisation of 
NH, OH and hence the concentration of hydroxide ion OH™. At 
low concentration of hydroxide ion only III group hydroxides 
precipitate. 


Fractional Precipitation 


It is a technique of separating two or more ions from a 
solution by adding a reagent that precipitates first one ion and — 
then the second. 


Let us suppose 0.1. M@- oe -and 0.1 M-Sr?*- in aqueous-— 


solution. K,CrO, is added as precipitating agent. K, of BaCrO, 


is 1.2x 107" and K,, of SrCrO, is 3.5x 10°. 


[Crop ] concentration required to precipitate BaCrO, 


Ke- 12x17" 
—- 9 ~9 
ee nf =1.2x10 


BaCrO, will precipitate first because it requires low _ 


concentration of CrO{ ions. On addition of chromate ions, 
BaCrO, starts precipitating when chromate ion concentration 
reaches 1.2 x 10-? M. When CrO7" ion concentration reaches up 


to 3.5x 10 M, then SrCrO, also starts precipitating. 


Remaining concentration of Ba** when SrCrO,_ starts 


precipitation 
K,,BaCrO i 
pink, uatarinit ele =3.4x107 M 
[CrOZ ] 3.5x10™ 
7 
% remaining concentration ae x 100 
= 0.00034% 
Stability Constant 


Let us consider dissociation of the ion FeBr*. 
FeBr* === Fe”* + Bro 
Dissociation constant for above equilibria may be given as: 
_(Fe*" ][Br“ ] | 
[FeBr* ] 
Reciprocal of dissociation constant is called stability constant. 
_ [FeBr*] 
[Fe** ][Br~ ] 

Let us consider the formation of complex K,Cd(CN),. 
Complex ion is Cd(CN)2" where oxidation state of central metal 
Cd?" is (+2). Complexing process proceeds in four steps as: 

Cd?* +CN” == CACN*; clin. 

[Cd?*][CN™ ] 


| esr 
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CaCN* + CN" == CA(CN),; __[Ca(CN), ] 
[CdCN™ ][CN™ ] 
Cd(CN), + CN" == Cd(CN);; ee [Cd(CN); ] 
[Cd(CN), ][CN™ ] 
[Ca(CN)F 


Cd(CN); + CN" =—=CA(CN)G| KG = 4S 
[Cd(CN)3 ][CN™ ] 
Overall reaction may be given as: 


ca* +4cn7 ==[CaCN)P J; K, =e 
[Cd ][CN™ ] 
Here, K,=K,K,K3K, . 

Significance of stability constant: Greater will be the value 


of stability constant more stable will be the complex. 
Note: (a) Ifon addition of a common ion in a salt solution (sparingly 
soluble), formation of complex ion takes place, then ionisation 
_.increases, i.e., equilibrium shifts towards right hand direction to 
maintain the value of K,, constant. It means, addition of 
common ion in the case of complex formation increases the 
solubility of the sparingly soluble salt which is against the 
concept of common ion effect. 
(b) When we add an electrolyte to another electrolyte solution 
having no common ion, then ionisation of the latter increases. 
(c) Fora given electrolyte solubility product i is always constant at a 
particular temperature. 


Solubility of Metal Hydroxides in Acid Medium 


H* ion furnished by the medium affects the solubility of 


metal aoe say M(OH), , because of penalization of OH 
ion by H* 
M (OH), —=M”* + 20H” 
K, of M (OH), =[M** ][OH 
K 
= ... (i) 
[OH]? 
210-7 
10728 
[HP 
From eqs. (i) and (ii), we have 
K, [H*) 
10-28 


10.5 ACIDS AND BASES 


| The earliest criteria for the characterisation of acids and bases were 
the experimentally observed properties of aqueous solutions. An 
acid* was defined as a substance whose water solution tastes sour, 
turns blue litmus red, neutralises bases and so on. A substance was 
a base if its aqueous solution tasted bitter, turns red litmus blue, 
neutralises acids and so on. Faraday termed acids, bases and salts 
‘as electrolytes and Liebig proposed that acids are compounds 
containing hydrogen that can be replaced by metals. . 
Different concepts have been put forth by different 
investigators to characterise acids and bases but the following are 
the three important modem concepts of acids and bases: 


[M**]= 


[H" OH |= kK 


[OH ]* = w. (ii) 


[M**]= 


* Acid is a Latin word—acidus, meaning sour. 


(1) Arrhenius concept 


According to Arrhenius concept, all substances which give 
H" ions when dissolved in water are called acids while those 
which i ionise in water to furnish OH” ions are called bases. 

HA =H’ + A7™ (Acid) 
BOH=—= B* + OH” (Base) 

Thus, HCl is an acid because it gives H* ions in water. 

Similarly, NaOH is a base as it yields OH” ions in water. 
HCl==H’ +cI- 
NaOH = Na* + OH © 

Some acids and bases ionise almost. completely in solutions 
and are called strong acids and bases. Others are dissociated to a 
limited extent in solutions and are termed weak acids and bases. 


-HCl, HNO, , H,SO,, HC1O,, etc., are examples of strong acids 


and NaOH, KOH, (CH; ), NOHare strong bases. Every hydrogen 
compound cannot be regarded as an acid, ¢.g., CH, is not.an. 
acid. Similarly, CH,OH,C,H;OH, etc., have OH groups but they 
are not bases. 

Actually free H* ions do not exist in water. They combine with 
solvent molecules, i. e., have strong tendency to get hydrated. 

HXY¥+H,O=—= H,O0° +X7 
(Hydronium ion) 

The proton in aqueous solution is generally represented as 
H’ (aq. ). It is now known that almost all the ions are hydrated to 
more or less extent and it is customary to put (aq. )after each ion. 

The oxides of many non-metals react with water to form acids 
and are called acidic oxides or acid panycrdes , 
CO, + H,O—> H,CO, — 2H" (aq.)+ co?" (aq. . 

N,O, + H,O——=> 2HNO; == 2H" (ag. ) + 2NO; (aq. ) 

Many oxides of metals dissolve in water to form hydroxides. 
Such oxides are termed basic oxides. 

Na,O+H,0—> 2NaOH == 2Na* (aq. )+ 20H (aq. )- 

The substance like NH, and N,H, act as bases as they react 
with water to produce OH™ ions. 

NH, + H,O——> NH,OH == NH? (aq. )+ OH (aq. ) 

The reaction between an acid and a base is termed - 

neutralisation. According to Arrhenius concept, the 


‘neutralisation in aqueous solution involves the reaction between: 


H* and OH™ 
represented as 


ions or hydronium and OH” ions. This can be 
H,0* + OH” = 2H,0 

Limitations: (i) For the acidic or basic properties, the - 
presence of water is absolutely necessary. Dry HCI shall not act 
as an acid. HCI is regarded as an acid only when dissolved in 
water and not in any other solvent. 

(ii) The concept does not explain acidic and basic character of 
substances in non-aqueous solvents. 

(iii) The neutralisation process is limited to those reactions 
which can occur in aqueous solutions only, although reactions 
involving salt formation do occur in the-absence of solvent. 

(iv) It cannot explain the acidic character ag certain salts such 


as ee im aquedtis pues 


IONIC EQUILIBRIUM 669 


(v) An artificial explanation is required to explain the basic nature 
of NH, and metallic oxides and acidic nature of non-metal oxides. 


(2) Bronsted-Lowry concept—The proton-donor- 
acceptor concept 


In 1923, Bronsted and Lowry independently proposed a 
broader concept of acids and bases. According to 
Bronsted-Lowry concept an acid is a substance (molecule or 
ion) that can donate proton, ie.,a hydrogen ion, H’, to some 
other substance and a base is a substance that can accept a 
proton from an acid. More simply, an acid is a proton-donor 
(protogenic) and a base is a proton acceptor (protophilic). 
Consider the reaction, 

HCl+H,0=—H,0* + cl 

In this reaction, HCI acts as an acid because it donates a proton 
to the water molecule. Water, on the other hand, behaves as a base 
by accepting a proton from the acid. 

The dissolution of ammonia in water may be represented as 

NH, +H,O== NH; + OH” 

In this reaction, H,O acts as an acid as it donates a proton to 
NH, molecule and NH, molecule behaves as a pase: as it accepts 
a proton. 

When an acid loses a proton, the residual part of it has a 
tendency to regain a proton. Therefore, it behaves as a base. 

Acid == H" + Base 

The acid and base which differ by a proton are known to form 

a conjugate pair. Consider the following reaction: 
CH,COOH + H,O == H,0* +CH,COO™ 
It involves two aad pairs. The acid-base pairs are: 


+H* 
CH,COOH —*CH,COO™ and H,0 ==H,0* 
Acid +Ht Base Base -H* Acid 


' Such pairs of substances which can be formed from one 
another by loss or gain of a proton are known as conjugate 
acid-base pairs. 

If in the above reaction, the acid CH, COOHis labelled acid, 
and its conjugate base, CH,COO™ as base,. H,O is labelled as 


base, and its conjugate acid H,O* as acid ,, the reaction can be 
written as: 
Acid, + Base, == Base, + Acid, 

Thus, any acid-base reaction involves two conjugate pairs, 
i.e., when an acid reacts with a base, another acid and base are 
formed. Some more examples are given below: ~ 

Acid, + Base, == Acid , + Base, 
H,O+NH, == NH; + OH™ 
HCN + H,O == H,0° + CN" 

HF + CH,COOH == CH, COOH; + F 
CH;COOH+ NH; == NHj + CH;COO- 
NH, + NH, = NH; + NHS 

H,0+H,0==H,0° + OH 
HCO; + H,O==H,0° + Coy 


NH, + H,0=——H,0* + NH, . 

Thus, every acid has its conjugate base and every base has its 
conjugate acid. It is further observed that strong acids have weak 
conjugate bases while weak acids have strong conjugate bases. 

HCl Cl” CH,COOH CH,COO 

Strong acid Weak base Weak acid Strong base 

There are certain molecules which have dual character of an 
acid and a base. These are called amphiprotic or amphoteric. 

Examples are'NH; , H,O,CH;COOH, ete. 


—H* ~H* 
H,0=——= OH” NH, === NH, 
Acid +yt Base Acid +t Base 

+H” : +H* 7 
H,O=— H,;0 NH, == 
Base _H* Acid Base -H* Acid 


The strength of an acid depends upon its tendency to lose its 


proton and the strength of the base depends upon its tendency-to— 


gain the proton. — 


Acid-base chart containing some common 
conjugate acid-base pairs 


HCIO, — (Perchloric ClO; Perchlorate 


acid) ion) 

H,SO, (Sulphuric HSO, (Hydrogen en oe 
acid) sulphate ion) 

Hcl (Hydrogen cr (Chioride ion) 
chloride) 


NO3 (Nitrate ion) 
H,O (Water) 


HNO; — (Nitric acid) 

H,0* (Hydronium 
ion) 

HSO; (Hydrogen 


so? —_ (Sulphate ion) 
sulphate ion) ; 


Increasing order of acid strength 


HPO,  (Githo- H,PO,  (Dihydrogen 
phosphoric phosphate ion) 
acid) 
CH,COOH (Acetic acid) CH,COO (Acetate ion) 
H,CO, . (Carbonic HCO; (Hydrogen 
- acid) carbonate ion) © 
H,S (Hydrogen HS” (Hydrosuiphide . 
sulphide) ion) 
NH; (Ammonium NH, (Ammonia) 
; ion) , 
HCN (Hydrogen CN. (Cyanide ion) 
cyanide) — 


C,H,OH (Phenol) 

H,0. (Water) 
C,H,OH (Ethy! alcohol) 
NH, (Ammonia) 
CH, (Methane) 


C,H;O~ (Phenoxide ion) 
OH (Hydroxide ion) 
C,H,O” (Ethoxide ion) 
NH, (Amide ion) 
CH;  _— (Methide ion) 


SOROS OEE ITTY 


att ER OS AE ATT P LE 


— Increasing order. of basic strength 


i 
‘ 
i 
{ 
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In acid-base strength series, all acids above H,0* in aqueous 
solution fall to the strength of H, O° . Similarly, the basic strength 


of bases below OH™ fall to the strength of OH™ in aqueous 
solution. This is known as levelling effect. 

The strength of an acid also depends upon the solvent. The 
acids HCIO,, H,SO,, HCl and HNO, which have nearly the 
same strength in water will be in the order of HCIO, > H,SO, 
>HCI>HNO, in acetic acid, since, the proton accepting 
tendency of acetic acid is much weaker than water. So, the real 
strength of acids can be judged by solvents. On the basis of 
»roton interaction, solvents can be classified into four types: 

(i) Protophilic solvents: Solvents which have greater 
tendency to accept protons, i.e., water, alcohol, liquid ammonia, 
etc. 

(ii) Protogenic solvents: Solvents which have the tendency 
to produce protons, i.é., water, liquid hydrogen chloride, glacial 
acetic acid, etc. 


(iii) Amphiprotic solvents: Solvents which act both as 


_protophilic or protogenic, e.g., water, ammonia, ethyl alcohol, 


etc. 


(iv) Aprotic solvents: Solvents which neither donate nor 
accept protons, e.g., benzene, carbon tetrachloride, carbon 
disulphide, etc. 

HCl acts as acid in H,0, stronger acid in NH,, weak acid in 
CH; COOH, neutral in C,H, and a weak base in HF. 

HCl + HF —>H,CI?+ FOO ye, 
Base Acid Acid -* Base 


Periodic Variations of Acidic and Basic Properties | 

(a) Hydracids of the elements of the same period: Consider 
the hydracids of the elements of II period, viz., CH,, NH, ,H,O 
and HF. These hydrides become increasingly acidic as we move 
from CH, to HF. CH, has negligible acidic properties while HF 
is a fairly stronger acid. The increase in acidic nature is due to the 


fact that the stability of their SpaNaite bases increases in the 
order 


CH, <NH; <OH” <F- 
The increase in acidic properties is supported by. the 
successive increase in the dissociation constant. 
CH, (=10°* )<NH, 10° )<H,O (10 )<HF 107) 
(b) Hydracids of the elements of same group: (i) Hydrides 


of V group elements (NH;, PH;, AsH,, SbH, and BiH; ) show 
basic character which decreases due to increase in size and 


decrease in electronegativity from N to Bi. There is a decrease in 


electron density in sp?-hybrid orbital and thus electron donor 
capacity decreases. 
(ii) Hydracids of VI group elements (H,O, H,S, H,Se and 
H, Te) act as weak acids. The strength increases in the order 
H,O<H,S<H,Se<H,Te 
The increasing acidic character reflects decreasing trend in the 
electron donor capacity of OH”, HS”, HSe” or HTe™ ions. . 


(iii) Hydracids of VII group elements (HF, HCl, HBr and HD 
show acidic nature which increases from HF to HI. This is 
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explained by the fact that bond energies decrease. (H—F = 135 
kcal/mol, HC] = 103, HBr = 88 and HI = 71 kcal/mol) ; 

(c) Oxyacids: (i) The acidic character of oxyacids of the 
same element which is in different oxidation states increases with 
increase in oxidation number. 


+1 fe) +5 +7 
HClO <HCIO, <HCIO, <HClO, 


+4 +6 43 +§ 
H,S0, <H,S0,; HNO, <HNO,, 
But this rule fails in oxyacids of phosphorus. 


(ii) The acidic character of the oxyacids of different elements 
which are in the same oxidation state decreases as the atomic 
number increases. This is due to increase in size and decrease in 
electronegativity. 


HCIO, >HBrO, > HIO, 
H,SO, >H,SeO, 


Limitations: There are number of acid-base reactions in 
which no proton transfer takes place, e.g., 
SO, +SO, == so” + $0? 
Acid; Base Acid Base} 
Thus, the protonic definition cannot be used to explain the 


reactions occurring in non-protonic solvents such as COCI,, 
SO,,N,0,, etc. 


(3) Lewis concept 

This concept was proposed by GN. Lewis, in 1939. 
According to this concept, a base is defined as a substance 
which can furnish a pair of electrons to form a coordinate 
bond whereas an acid is a substance which can accept a pair 
of electrons. The acid is also known as electron acceptor or 
electrophile while the base is electron donor or nucleophile. 

A simple example of an acid-base is the reaction of a prion 


with hydroxyl ion. 
H* +°O°H =H'O!H : 
Acid Base ” 
Some other examples are: 
H,N.+ BF, =H,;N— BF, 


Base Acid F 
H’ + $ NH, =[H<NH,]° 
Acid Base ; 
BF, + [F]” =[F > BF, ]* 
Acid Base 


Lewis concept is more general than the Bronsted Lowry 
concept. 

According to Lewis concept, the following species can act as 
Lewis acids: 

(i) Molecules in which the central atom has incomplete 
octet: All compounds having central atom with less than 8 
electrons are Lewis acids, ¢.g., BF;, BCl,, AICl,, MgCl,, 
BeC1, , etc. 
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(ii) Simple cations: All cations are expected to act as Lewis 
acids since they are deficient in electrons. However, cations such 
as Na*, K*, Ca**, etc., have a very little tendency to accept 
electrons, while the cations like H*, Ag*, etc., have greater 
tendency to accept electrons and, therefore, act as Lewis acids. 

(iii) Molecules in which the central atom has empty 
d-orbitals: The central atom of the halides such as SLY ,,GeX ,, 
TiCl,, SnX,, PX,, PF;, SE,, SeF,, TeCl,, etc., have vacant 
d-orbitals. These can, therefore, accept an electron pair and act as 
Lewis acids. 

(iv) Molecules having a multiple bond between atoms of 
dissimilar electronegativity: Typical examples of molecules 
falling in this class of Lewis acids are CO, ,SO, and SO,.Under 
the influence of attacking Lewis base, one 7-electron pair will be 
shifted towards the more negative atom. 


OH 


O=C=0+ OH ——> “O—C==O or HCO; 
Lewis acid Lewis base 
The following species can act as Lewis bases: 
(i) Neutral species having at least one lone pair of 
electrons: For example, ammonia, amines, alcohols, etc., act as 
Lewis bases because they contain a pair of electrons. 


°NH,;, —NH,, R—O—-H 


(ii) Negatively charged species or anions: For example, 

chloride, cyanide, hydroxide ions, etc., act as Lewis bases. 
CN", Cl’, OH” 

It may be noted that all Bronsted bases are also Lewis bases 
but all Bronsted acids are not Lewis acids. 

Limitations: Since, the strength of the Lewis acids and bases 
is found to depend on the type of reaction, it is not possible to 
arrange them in any order of their relative strength. 

The choice of which definition of acids and bases one wishes 
to. use in a particular instance depends largely on the sort of 
chemistry that is studied. But Arrhenius concept is perfectly 
satisfactory and simplest for dealing with reactions in aqueous 
solutions. It explains satisfactorily the strength of acids and bases 
in aqueous solutions, neutralisation, salt hydrolysis, etc. 


6 RELATIVE STRENGTH OF ACIDS 
AND BASES 


According to Arrhenius concept, an acid is a substance which 
furnishes H* ions when dissolved in water. All the acid 
properties on an acid are due to H” ions present in the solution. 

_ The extent to which an acid property is given by an acid is 
a measure of its strength. The strength of the acid solution 
does not depend on its concentration but on the number of 
H* ions present. The concentration of H* ions depends on the 
ionisation of an acid in solution. On dilution, the ionisation 
increases and more of H* ions come to solution with the result 
that the strength of the acid increases. Thus, strength of the acid 
increases on dilution while its concentration decreases. At 


infinite dilution the dissociation of an acid is nearly complete and 
all acids are equally strong at infinite dilution. 

The concentration of H* ions at all other dilutions of 
equimolar solutions of the acids may not be equal and depends on 
their degree of dissociation. Thus, to measure the relative 
strength of the two acids, the measurements of hydrogen ion 
concentration, i.e., degree of dissociation is made of equinormal 
solutions of the two acids. Various methods are used for this 
purpose. Some are described below. 


(i) The conductivity method: The degree of dissociation 
of a weak acid is equal to conductivity ratio He. Thus, the 


degrees of dissociation a, and a, for two equinormal acids are 
given by: 


: A 
For acid I, a, =—b 
Ag, 
hareok ees 
and For acid II, Oo, =— 
Aw, 


At infinite dilution, all weak electrolytes have almost the same 
value of A.,; hence, 


Aas, 
1000 x sp. cond. acid I 
StrengthofacidI a, A, C.. 
Strength ofacidII 0, A,  1000Xsp.cond. acid II 
C 


_ Sp.cond.acid I 
Sp. cond. acid II 


The relative strength of two acids is, thus, equal to the ratio of 
their equivalent conductance or specific conductance of 
equinormal solutions which can be determined experimentally. 


(ii} Comparing dissociation constants: Let K, and K, be 


the dissociation constants of two acids and leta, anda, be their 
degree of dissociation in equinormal solutions. 


Applying Ostwald’s dilution law, a, = yo anda, = “ 
Thus,. Strength of acid] _@, _ {Ky 
Strength ofacid II a, VK, 
Dissociation constants of some weak acids are given in the 
table: 


Acid-ionization constants at 25°C 


‘Substance = Formula Ky 
Acetic acid HC,H,0, 1.7x10° 
Benzoic acid HC,H,O, 6.3x10% 
Boric acid H,BO, 59x10"? 
Carbonic acid H,CO, 43 x 1077 

HCO; 48x10" 

Cyanic acid HOCN 3.5x 107 


672 |. - GR.B. PHYSICAL CHEMISTRY FoR COMPETITIONS 


Substance. >... Formula aa + 
‘Formic acid HCHO, 17x 10-4 
Hydrocyanic acid HCN 49x10" 
Hydrofluoric acid HF 6.8x 107 - 
Hydrogen sulphate ion HSOj — 1Ax 107 - 
Hydrogen sulphide H,S 8.9 x 10° 
HS” 1.2x 1073 
Hypochlorous acid © HCIO 3.5x10% 
Sitrous acid HNO, 4.5x10~ 
Oxalic acid H,C,0, 5.6x 107 
HC,0, 5.1x107 
Phosphoric acid HPO, 6.9x 103 
HPO, 6.2x10° 
“HPOS 48x10 
Phosphorous acid H,PHO, 1.6 x 107 
HPHO; 7.0 x 107 
Propionic acid HC,H,O, 1.3x10° 
Pyruvic acid HC;H,0, 14x107 
Sulphurous acid H,SO, 1.3 x10? 
HSO; 6.3 x 10% 


(ii) Thomson thermal method: In this method, heat of 
neutralisation of two acids is first determined separately with 
NaOH. Let it be ‘x’ and ‘y calorie. The one gram equivalent of 
each of the two acids is mixed and one gram equivalent of NaOH 
is added. Let the heat evolved in this case be ‘z’ calorie. The two 
acids will neutralise a fraction of the base proportional to their 
relative strength. ‘Suppose n gram equivalent of NaOH is 
neutralised by acid I and the rest (1— 2) by acid II. 

Total heat evolved, z = nx + (1— ‘n) y 


=mx+y-ny 
or z-y=n(x- y) 
or gee e) ® 
(x- y) 
. (z-y) 
Strengthofacid] nn | (x-y) _(z-Yy) 
, Strength of acid II (I-n) ,_@-y) (=z). 
(x- y) 


Relative strength of bases:. A base is a substance which 
gives OH™ ions when dissolved in water. The strength of the 
base depends on OH ~ ion concentration. The above methods can 
be used for measuring relative strengths of bases also. In the 
Thomson thermal method, the two bases and their mixtures will 
be neutralised by strong acid, say HCI. 

The relative strengths of some of the acids are as follows: 

(i) HCIO, > HBr > HCl > HNO, >H,SO, >H,0* >H,SO, 

>H,CO, >CH;COOH 

“ (i) HCIO, > HCIO, > HCIO, > HClO 

(iit) HI > HBr > HC1> > HE 


(iv) HClO, > HBrO, > HIO,; 
(v) CC1,COOH > CHC1, COOH > CH, CICOOH 
> CH,COOH 
(vi) HCOOH> CH, COOH > C,H;COOH © 
The relative strengths of some of the bases are as follows: 
(i) KOH> NaOH > Ca(OH), > NH,OH 
(ii) (CH, ), NH > CH; NH, > (CH; );N >NH; 
(iii) (C,H; ). NH>C,H,;NH, >NH; >(C,H; ),N 
(iv). NaOH > NH, >H,O 
(v) NH, > NH, -NH, >NH,OH 
(vi) NH, >C;H;N>C,H,;NH, 
me 33 


13. Which one is correct statement? (DCE 2007) 
(a) Basicity of H,PO, and H,PO, are 3 and 3 respectively 
(b) Acidity of H,PO, and H,PO, are 3 and 3 respectively 
(c) Acidity of H,PO, and H,PO, are 3 and 2 respectively. 
(d) Basicity of H,PO, and H,PO, are 3 and 2 respectively 
[Ans. (d)] 


fe) 
(Hint: | HO—~ i OH | === 3H* + PO? Basicity =3) 
OH 
O- Oo 


T lic 
HO— ie OH | == 2H* + O — ‘aaa (asicity = 2)] 


14; In the reaction, ‘ 
HC,0;, + POF == HPOF + C,07° 
[PET (Raj.) 2004] 


the Bronsted base are: ; 

(a) POF, C,0F (b) PO; , HPOZ” 
(c) HC,0, , HPO; (d) HC,0, , C,0F° 
[Ans. (@)] es 
{Hint: Acid ~H* = Conjugate base] 

15. Conjugate base of HCO; is: — [PET (Raj.) 2005] 
(a) CO, (b)H,CO, (c) H,O (d)COR 
[Ans. (d)] 

.  [Hint: Acid - H* = Conjugate base, HCO; — H* = COF J 

16. Four species are listed below: 
()HCO; (ii)H,;O iii) HSO,_—(iv) HSOF 
Which one of the following is the correct sequence of their 
acid strength ? (AIEEE 2008) 


(a) (ili) < (i) < Gy) < (ii) 
" (c) Gi) < (iii) < (i) < (iv) 
_ [Ans. (d)] .. 

[Hint : 


(b) (iv) < (ii) < (iii) < 

(d) (i) < Gill) < Gi) < Gv) 
HCO; ‘< HSO;< H;O< HSO,F 

. , + 7 

HSO,F is super acid and it is most acidic. H, Ois more acidic than 
anions because. anions (HCO;, HSO7) do not release H* io 


easily. HSOj is more acidic than HCO} because ‘sulphur i is more 
electronegative than carbon.] ; 
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17. Identify Bronsted-Lowry acids in the reaction given: 
[Al(H,0), }°* + cae === [AI (H,0),(OH” )P* + H,CO, 


(A) ce) (D) 
The correct answer is: (EAMCET (Med.) 2008] 
(a) 4, C (b) B, D .(c) A, D (d) B,C 
[Ans. (c)] 
[Hint : [Al(H,0),]** and HCO, are proton donor or Bronsted 
acids] 

18. Conjugate base of H,PO; is: [Comed (Karnataka) 2008] 
(a)HPO; = (b) POY (c) HPO, =) HPO, 
[Ans. (a)] 
[Hint : Acid—H* = Conjugate base 
H,PO; - H* = HPO?"] 


~ ACID-BASE NEUTRALISATION—SALTS 


When aqueous solutions of hydrochloric acid and sodium 
hydroxide are mixed in the proper proportion, a reaction takes 
place to form sodium chloride and water. 
HCl(aq. ) + NaOH(aq. ) === NaCl(aq. ) + H,0(/) 
Sodium chloride 

Such a reaction is termed neutralisation because both acidic 
(H*) and basic (OH™ ) properties are eliminated during the 
reaction. The hydrogen ion, which is responsible for the acidic 
properties, has reacted with the hydroxyl ion which is responsible 
for the basic properties, producing neutral water. The Na* and 
Cl” ions have undergone no chemical change and appear in the 
form of crystalline sodium chloride upon evaporation of the 
solution. Sodium chloride is an example of the class of 
compounds called salts. , 


H™ (ag. )+ Cl (ag. )+ Na* (aq. )+ OH (aq. ) 
=== H, O(1) + Na* (aq. )+ CI (aq.) 


or Ss H* (ag.) + OH (ag.) == H, 0(/) 


Thus, the neutralisation of a base with an acid invelves the 
interaction between OH and H * ions. 


Or 

The reaction between an acid and a base to form salt and 
water is termed neutralisation. 

The process of neutralisation does not produce the resulting 
solution always neutral; no doubt it involves the interaction of H* 
and OH” ions. The nature of the resulting solution depends on 

the particular acid and a particular base involved in the reaction. 
The following examples illustrate this point when equivalent 
amounts of acids and bases are reacted in aqueous solution. 

(i) A strong acid plus a strong base gives a neutral solution 
because both are completely ionised and the reaction goes to 
completion. 

H* +Cl” +Na* +OH” =H,0+Na* +Cl- 

(ii) A strong acid plus a weak base gives an acidic solution as 
the weak base is net completely ionised. The reaction does not go 
to completion and there is an excess of hydrogen ions in solution. 

H’ +Cl” +NH,OH=—H,0+ NH; + Cl 


Gii) A weak acid plus a strong base gives a basic solution as 
the weak acid is not completely ionised. The reaction does not go 
to completion and there is an excess of hydroxy] ions in solution. 


CH,COOH + Na* + OH” ==" H,0+ CH,COO™ + Na* 


(iv) A weak acid plus a weak base gives an acidic or a basic or 
a neutral solution depending on the relative strength of acid and 
base. In case, both have equal strength, the resulting solution is 
neutral in nature. 


CH, COOH + NH,OH 


Salts: Salts are regarded as compounds made up of positive 
and negative ions. The positive part comes from a base while 
negative part from an acid. Salts are ionic compounds. Salts may 
taste salty, sour, bitter, astringent or sweet or tasteless. Solutions 
of salts may be acidic, basic or neutral. Fused salts and aqueous 
solutions of salts conduct electricity-and undergo electrolysis:- 
The properties of salts in aqueous solutions are the properties of 
ions. The salts are generally crystalline solids. 

The salts are classified into the following classes: 

(i) Simple salts: The salt formed by the neutralisation 
process, i.e., interaction between acid and base, is termed as 
simple salt. These are of three types: 

(a) Normal salts: The salts formed by the loss of all 
possible protons (replaceable hydrogen atoms as H *) are called 
normal salts. Such a salt does not contain either a ie ac 
hydrogen or a hydroxyl group. 

Examples are: NaCl, NaNO;, K,50,, Ca;(PO,)., 
Na,BO,,Na HPO, (one H atom is not replaceable as H, PO, is 
a dibasic acid), NaH,PO, (both H atoms are not replaceable as 
H,PO, is a monobasic acid), etc. 

(b) Acid salts: Salts formed by incomplete neutralisation of 
poly-basic acids are called acid salts. Such salts still contain one 
or more replaceable hydrogen atoms. These salts when 
neutralised by bases form normal salts. 

Examples are: NaHCO,, NaHSO,, NaH,PO,, Na,HPO,. 
etc. 

(c) Basic salts; Salts formed by incomplete neutralisation 
of polyacidic bases are called basic salts. Such salts still contain 
one or more hydroxyl groups. These salts when neutralised by 
acids form normal salts. 

Examples are: Zn(OH)Cl, 
Bi(OH), Cl, etc. . 

(ii) Double salts: The addition compounds formed by the 
combination of two simple salts are termed double salts. Such 
salts are stable in solid state only. - 

Examples are: Ferrous ammonium 
(NH, }, SO, -6H,0O, Potash alum, K,SO, - 
and other alums. 

Properties: (a) When dissolved in water, it furnishes all the 
ions present in the simple salts from which it has been constituted. 

(b) The solution of double salt shows the properties of the 
simple salts from which it has been constituted. 

(iit) Complex salts: These are formed by combination of - 
simple salts or molecular compounds. These are stable in solid 
state as well as in solutions. 


<= H,0+ NH? + CH,COO™ 


Mg(OH)Cl, Fe(OH), Cl, 


sulphate, FeSO, - 
Al, (SO, )3 - 24H,O 
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FeSO, + 6KCN —> K,Fe(CN), + K,SO, 
Neer pe 


Simple salt Complex salt 


CoSO, + 6NH, —> Co(NH; ), SO, 


Simple salt Molecular . Complex salt 
~ ‘compound’ 


Properties: (a) On dissolving in water, it furnishes a 
complex ion. 
K4Fe(CN), === 4K* +[Fe(CN), ]* 
Complex ion 


Cu(NH; ),SO, == [Cu(NH, ),]?* + SOP 
Complex ion 


(b) The properties of the solution are different from the - 


properties of the substances from which it has been constituted. 
(iv) Mixed salts: The salt which furnishes more than one 

cation or more than-one anion when dissolved in water is called a 

mixed salt. , 
Examples are: 


soe mame ere Cl : "Na oe _ ae ween se hha ey Na’ faa pan ok ae . 
Ca : 804 NH, PO, 
cl K H 


Acidic, Basic and Amphoteric oxides 


(i) Non-metal oxides are acidic, they dissolve in water to form 
acid. These oxides form salt with bases. 
€.8., S0,, S03, P,Oi),CO,, NO,,N,05 7 : 

“$10,027 Non-metal oxides 
Some Transition metal oxides are also acidic. 
@g., CrO;, MoO,;, WO;,Mn,0,_ 
CO, : + H,0 —_——> H, co, (Carbonic acid) 
2NO, + H,O—> HNO, + HNO, (Nitrous and nitric acid) 
P,O; +3H,O—> 2H;PO, 
(Phosphoric acid) 


NaOH + SO, ——> NaHSO, 
Salt 


2KOH + CO, —~>K,CO; + H,0 
Salt . 

(ii) Usually, oxides of highly electropositive metals are basic. 
These oxides dissolve in water to form base and they form salt 
with acids. 
€2., Na,O, K,0, MgO, CaO, Sc,0;, TiO, , ZrO, 

Na,0+ H,O—> 2NaOH 
(Sodium hydroxide, a base) 


CaO + 2HCI ——> CaCl, + H,O 
Salt 
Salt , 

(iii) Oxides of metalloids and less electropositive metals are 
amphoteric. These oxides form salt with both acids and bases. 
2.£., BeO, Al,O,, GeO, SnO, Sb.0,, PbO 

ZnO, Cr, 03 
Al,0, + 6HC1 —> 2AlCl, + 3H,O 
Al,O, + 2NaOH ——> 2NaAlO, + H,O 


10.8 IONIC PRODUCT OF WATER 


Pure water is a very weak electrolyte and ionises according to the 
equation, _ 


H,O=—=H" + OH” 


Applying law of mass action at equilibrium, the value of 


dissociation constant, K comes to 


x al OH 
{H,0] 
or (H* [OH- ]=K [H,0] 


Since, dissociation takes place to a very small extent, the 
concentration of undissociated water molecules, [H,O], may be 
regarded as constant. Thus, the product K [H,O] gives another 
constant which is designated as K,,.So, 

{HOH ]=K,, ; 

The constant, K ,,,is termed as ionic product of water. 

The product of concentrations of H* and OH” ions in 
water at a particular temperature is known as ionic product 
of water. The value of XK, increases with the increase of 
temperature, i.e. the concentration of H* and OH™ ions increases 
with increase in temperature. 


Temperature (°C) Value of K,, 
nn!) _ 0.11x10 
10 0.31x 1074 

25 1.00x 107!4 

100 7.50x 107" 


The value of K,, at 25°C is 1x 1074. Since, pure water is 


neutral in nature, H* ion concentration must be equal to OH ~ 
ion concentration. 


[H* ]=[OH™ ]=x 
or [H* [OH ]=x? =1x10°4 
“or - x=1x107 M 
or - [H* ]=[OH- ]=1x 107 mol litre! 


This shows that at 25°C, in 1 litre only 10’ mole of water 
is in ionic form out of a total of approximately 55.5 moles. 

When an acid or a base is added to water, the ionic 
concentration product, [H.* |[OH™ ], remains constant, i.e., equal 
to K,, but concentrations of H* and OH™ ions do not remain 


equal. The addition of acid increases the hydrogen ion 
concentration while that of hydroxyl ion concentration 
decreases, i.e., 


[H* ]>[OH ]; (Acidic solution) 
Similarly, when a base is added, the OH ™ ion concentration 
increases while H * ion concentration decreases, 


ié., [OH ]>[H*]; (Alkaline or basic solution) 
[H* ]=[OH™]=1x10" M@ 
[H* ]>[OH™ ] 


In neutral solution, 


In acidic solution, 
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or [H"]>1x 107 M 
and [OH ]<1x107 M 
In alkaline solution, [OH™ ] >[{H"] 

or [OH ]>1x 107 M 
and [H* ]<1x107 M 


Thus, if the hydrogen ion concentration is more than 
1x 107’ M, the solution will be acidic in nature and if less than 


1x 10°’ M, the solution will be alkaline. 


[H*]=10% 10 107 10% 10 10° 10° — (Acidic) 
([H"]= 107 (Neutral) 
(H*]=10% 1078 107! 10°"! 10° 10°? 10% (Alkaline) 


We shall have the following table if OH ~ 
taken into account: - 

[OH ]=107* 107? 10-2 107! 107 10° 10° 

[OH” ]= 107 (Neutral) 

[OH™]=10° 107! 10° 10° 10% 10° 107° (Alkaline) 

It is, thus, concluded that every aqueous solution, whether 
acidic, neutral or alkaline contains both H* and OH ~ ions. The 
product of their concentrations is always constant, equal to 
1x107'* at 25°C. If one increases, the other decreases 


accordingly so that the product remains | x10 at 25°C 

If (H*]=10° M, then [OH”]=10'* M; the product, 
[H* ][OH- ]=107 x 107 = 107; the solution is acidic. 
Tf [H*]=10'° M, then [OH”]=10"* M; the product, 
[H* [OH J=107° x 10 = 107"; the solution is alkaline. 


ion 1 concentration is 


(Acidic) 


JES HYDROGEN ION CONCENTRATION— 
pH SCALE 


It is clear from the above discussion that nature of the solution 
(acidic, alkaline or neutral) can be represented in terms of either 
hydrogen ion concentration or hydroxyl ion concentration but it 
is convenient to express acidity or alkalinity of a solution by 
referring to the concentration of hydrogen ions only. Since, H * 
ion concentration can vary within a wide range from | mol per 
litre to about L0x 107 mol per litre, a logarithmic notation has 
been devised by Sorensen, in 1909, to simplify the expression of 
these quantities. The notation used is termed as the pH scale. 
The hydrogen ion concentrations are expressed in terms of the 
numerical value of negative power to which 10 must be raised. 
This numerical value of negative power was termed as pH, i.e., 


[H"]=10" 
or log [H* ]=log 10°" =~ pH log 10=— pH 
or pH=— log (Ht ] 


‘pK value: 


1 
or pH =log —— 
nd! fH" 


pH of a solution is, thus, defined as the negative logarithm of 
the concentration (in mol per litre) of hydrogen ions which it 
contains or pH of the solution is the logarithm of the reciprocal 
of H * ion concentration. 

Just as pH indicates the hydrogen ion concentration, the pOH 
represents the hydroxyl i ion concentration, i.e. , 


pOH = - log [OH ] 
Considering the relationship, 
[H* [OH ]=K,, =1x 10-4 
Taking log on both sides, we have 
log [H*] + log [OH ]= log K,, =log (1x 10"'*) 

or ~log[H*]~log[OH ~]=-log K, =-log(1x107%) 
or | pH+ pOH=pK,=14 . 
i.e.,sum of pH and pOH is equal to 14 in any aqueous solution at 
25° C. The above discussion can be summarised in the following 
manner: — 


STE sh ater ae — 


ppeenia Se ARE wei 


sip te _ pon 
Acidic solution i e197 - “SF 
Neutral solution 1077 7 4 
Basic Solnnoe: 


‘> 107 >7 <7 


14 Strongly aide 


10° 107” 0 

107 10°? 2 12 Acidic 

10° = 10 5 9 Weakly acidic 
10: or? 7 7 Neutral 

10° 10° 9 5 Weakly basic 

lo! = 49° 11 3 - Basic 

10°'* 10° 14 0 ; Strongly basic 


The following table shows tt the pH range for a few common 
substances: 


Substance. pH range. Substance’ ¢: pH range | 
Gastric 1.0-3.0 Milk (cow) 6.3 ~ 6.6 
contents 

. Soft drinks 2.04.0 Saliva (human) 65-73 
Lemons 2.2-—2.4 Blood plasma(buman) 7.3 ~7.5 
Vinegar 2.4~—3.4 Milk of magnesia 10.5 
Apples 2.9 —3.3 Seawater 8.5 
Urine 4.8-8.4 
(human) 


B stands fot negative logarithm. Just as H* and OH- ion concentrations range ¢ over -r matty negative powers of 10, ‘itis convenient to 


express them as pEt or pOH, the dissociation constant (K ) values also range over many negative powers of 10 and it is convenient to write them as pK- 


THRE, pK i is the negative logarithm of dissociation constant. 


. pK, =—log kK, and 
Weak acids have higher pK, Gaines Similarly, weak bases have higher pX,, values. 


pk, =—logK, 
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Any method which can measure the concentration of H* ions 
or OH” ions in a solution can serve for finding pH value. 

Limitations of pH Scale: (i) pH values of the solutions do 
not give us immediate idea of the relative strengths of the 
solutions. A solution of pH = lhas a hydrogen ion concentration 
100 times that of a solution of pH=3 (not three times). A 
4x10° N HCl is twice concentrated of a 2x10° N HCl 
solution, but the pH values of these solutions are 4.40 and 4.70 
(not double). 

(ii) pH value of zero is obtained in 1 N solution of strong acid. 
In case the concentration is 2 N, 3 N, 10 N, etc. The respective 

‘pH values will be negative. 

(iii) A solution of an acid having very low concentration, say 
10°® N, cannot have pH 8, as shown by pH formula, but the 
actual pH value will be less than 7. 

[Note: (i) Normality of strong acid =[H,0° ] 
Normality of strong base=[OH ] 
pH =— log[N ] 
pOH =—log[N]_ for strong bases 

(ii) Sometimes, pH of acid comes more than 7 and that of base 

comes less than 7. It shows that the solution is very dilute; in 


such cases, H* or OH contribution from water is also 
considered, e.g. in 10° N HCI, 


[H* Trott = [10 Tncia +107 water 
=11x10* M=1.1x107 M 


for strong acids 


(iii) pH of mixture: Let one litre of an acidic solution of pH 2 be 
mixed with two litre of other acidic solution of pH 3. The 
resultant pH of the mixture can be evaluated in the following 


way: 
[H* ]=107 M [H*]=10° M 
V =1 litre V =2 litre 


MV, + MoV, = Ma(V, + V2) 
107 x 14 10 x 2= M,(1+ 2) 
-3 
12x10 =M, 
4x10°=M, (Here, M, = Resultant molarity) 
pH = - log (4 x 10°) 


(iv) Total concentration of [H* Jor [H; 0] in a mixture of weak acid 


and a strong acid 
_ Cyt {cis ek, 
2 
where, C, is the concentration of weak acid (in mol litre”) having 
dissociation constant K, and C, is the concentration of strong acid. 
(v) Let us consider mixture of two weak acids HA and HB. 
HA == H* + A™ 
HB==H" +B 
On applying charge balance 


[H”]=[47 ]+[B™]+[OH™] 
_ K,{H4]  K,[HB], K, 
[H"] [H*] [H"] 
[H"]=/K,[H4]+K,[HB]+K,, 
= |CK, +CK,+K, 
(vi) Let us consider mixture of two weak bases AOH and BOH 


with dissociation constant K,,K., and concentration C,,C, 
respectively 


[OH ]= C,K, +C,K, +K, 


pH OF WEAK ACIDS AND BASES 


Weak acids and bases are not completely ionised; an equilibrium 
is found to have been established between ions and unionised 
molecules. Let us consider a weak acid of basicity ‘n’.. - 


AH, —— ao nit. : ae 


¢=0 0 0 
teq C(L- a Ca na 
_ [H°]=nCa; pH=-logig[nCa] __ ... (i) 
For monobasic acid, n=l 


oe. PHS — logy (Cah... 
Dissociation constant of acid K,, may be calculated as: 
_(4™ IH) _ [Cal[nca]" 


ww (Gi) 


a 


(4H, ] C(l-a)- 
Rn 
= afnca]" [for weak acids, a << 1 
(l-a@) 
“(-a)=1). 
=a[nCa]” 
nCK , =nCa[nCa]" =[nCo]*” 
[nCo.] =[nCK., 9 
[H*]=[ncK, }°*? 
1 ie, 
pH=- Gat log ig (nCK , ) | ; . (iil) 
For monobasic acid, n=l a 
pH=-— logiy) JCK, (iv) 
Since, K, =a[nCoa]" 
Ka =(nCa y" 
a 
ljn 
[nCa]= E | =(H"] 
o 
1 K 
pH= —— logy (*| wf) 
n a 
Forn=1, pH= — logig (<] ... (Vi) 
a. 


IONIC EQUILIBRIUM 677. 


5 (S888 SOME SOLVED EXAMPLES\ $8334 °° = 


Example 28. The hydrogen ion concentration of a solution 
is 0.001 M. What will be the hydroxyl ion concentration of 
solution? 


Solution: 


We know om [H* OH ]=1.0x 10°" 


Given that,  [H*]=0.001M=10° M 
; 14 14 
So, [on =" at =10! 
[H"] 10° 


Example 29, What is the pH of the following solutions? 
(a) 10° M HCI (b) 0.0001M NaOH (c) 0.0001M H,SO, 


Solution: 


HCI is a strong electrolyte and is completely 
ionised. 


HCi===H' +1. 
So, [H*]=10° M@ 
pH =-— log [H* ]=— log (10° )=3 
(b) NaOH is a strong electrolyte and is completely ionised. 
NaOH === Na* + OH™ 


So, _. [OH*]=0.0001M =10% 
. pOH =- log (107 )=4 
As pH+ pOH=14 _ 
So, ' pH+4=14 or pH=10 
Alternative method: [OH ]= 10-4 M 
We know that, [H*][OH ]=1.0x 107% 
~14 

So,  [H*]= a =10"° 4 

10 


pH =— log [H* ]=— log (107° )= 10 
(c) H,SO, is a strong electrolyte and is ionised completely. 


H,SO, === 2H" + SO7 
One molecule of H,SO, furnishes 2H * ions. 
So, [H*]=2x10"* M 
. pH=- log [H"] 


=~log (2x 10) =3.70 
Example 30. Calculate the pH of the following solutions 
assuming complete dissociation: 
(a) 0.365g L7' HCI solution 
(b) 0.001M Ba(OH), solution. 
Solution: (a) Mole. mass of HCI = 36.5 


Concentration of HCl = ‘= 1.0x 10 mol L? 


HCI is a strong electrolyte and is completely ionised. 
So, [H*]=1x107 mol L? 
pH=- log [H * ]=— log (1x 10) =2 
(b) Ba(OH), is a strong electrolyte and is completely ionised 


Ba(OH), === Ba** + 20H" 
One molecule-on dissociation furnishes 2 OH ions. 
So, [OH ]=2x 10° M 
pOH =-- log [OH ] 
=~log (2x 10° )=2.7 
We know that, pH+pOH=14 
So, pH=(14-2.7)=11.3 


if it is 2.3% ionised at a given dilution. 


Solution: Degree of dissociation, a = x = 0.023 


Concentration of acetic acid, C = 0.002 
The equilibrium is, 


CH,COOH == CH,COO- + Ht 
C(i- a Ca Ca 
So, [H* ]=Co =0.002 x 0.023 


=46x10° M 
~ pH=—log [H"] 
=— log (4.6 10%) = 4.3372 
Example 32.. Calculate the PH value of a_ solution 


NaOH. 
Solution: Number of milli-equivalents of the acid 
= 50x 0.2=10. 
Number of milli-equivalents of the base 
. =50x0.1=5 
Number of milli-equivalents of the acid left after the addition 
of base 
=(10-5)=5 
Total volume of the solution = 50+ 50=100 mL 


Thus, 5 milli-equivalents of the acid are present in 100 mL of 
solution. 


or 50 milli-equivalents of the acid are present in one litre of 
solution. 


or 0.05 equivalents of the acid are present in one litre of 
solution. 


The acid is monobasic and completely ionised in solution. 
0.05 N HCl =0.05 M HCl 


So, [H *]=0.05 M 
pH =- log [H* ]=— log 5x 10 =—[log 5.0+ log 107] 
=—[0.70- 2]=13 


Example 33. What will be the pH of a solution obtained by 


mixing 800 mL of 0.05 N sodium hydroxide and 200 mL of 0.1N 


HCl, assuming the complete ionisation of the acid and the base? 
Solution: Number of milli-equivalents of NaOH 
— = 800 x 0.05 = 40 
Number of milli -equivalents of HCl = 200 x 0.1 = 20 


~ Number of milli-equivalents of NaOH left after the addition of 
HCL 


= (40 -20)= 20 = 


‘xample 31. Find the pH of a 0.002N acetic acid solution, 


0 tained by mixing 50 mL of 0.2 N HCl with 50 mL of 0.1 N 


"i 
3 
fi 


bad 


ES be teat 
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Total volume = (200+ 800) mL =1000 mL = 1 litre 
20 milli-equivalents or 0.02 equivalents of NaOH are present 
in one litre, i.e., 


0.02 N NaOH = 0.02 M NaOH (Mono-acidic) ait the base is 
completely ionised. 


So, [OH™ 1 =0.02M@ 

or [OH” ]=2x 10° M 
pOH =- log (2x 10 )=1.7 

We know that, pH+ pOH= 14 

So, pH=(14 - 1.7)=12.3 
Example 34. What is the hydrogen ion concentration of a 
solution (i) whose pH is 12, @ whose pH is 5.6? 

Solution: ' 


(i) pH =~ log [H*] 
or log [H* ]=— pH=~ 12 
[Ht] =10-? M 
(ii) pH =~ log [H"] 
or log [H* ]=— 5.6 


(H* ]=107 =10 x 104 =2.5x 10° M 


xample 35. How many moles of calcium hydroxide must 
be dissolved to produce 250 mL of an aqueous solution of pH 
10.65? Assume the complete ionisation. 


Solution: We know that, 
pH+ pOH=14 
So, pOH = (14 — 10.65) =3.35 
[OH ]=102°5 =10 x 10° - 
=4.47x10*M 


One molecule of Ca(OH), furnishes 20H ~ ions. 
Hence, concentration of 


4.47x 104 


Ca(OH), = =2.235x107 M © 


2.235x 107 


No. of moles in 250 mL = =5. 58x 10° 


“Example 36. The pH of 0.1M hydrocyanic acid solution is 
5. 2. What is the value of K , for hydrocyanic acid? 


pH=-— log [H"] 

or log [H* ]=— pH=- 5.2 
[H*]=102 =10° x 10° 
= 6.3x10° M 


Solution: 


{H'] _ 6.310% 
0.1 

According to Ostwald’s formula for weak electrolyte, 
K, =0°C=6.3x 10° x6.3x 10% x 0.1 


‘o,’ , degree of dissociation = =6.3x 10° 


=3.69x 107! 

“Example 37. Calculate the pH of the following solutions: 
(i) 1.0x 10° M HCl, (i) 10x 10° M NaOH 
Solution: (i) The neutral water has. [H* j=1x 107 M- 

By adding 1.0 x 10°* M HCI, a concentration of 1.0x 10° M@ 

H * ions has increased in solution. 

Thus, total [H*]=(1x 107 +1x 10°8 \M- 
=(1x107 +0.1x 107) M 
sllxl7M 
pH=-~ log (1.1x 1077 )=—[log 1.1+ log 107 ] 
= ~[0.0414 - 7.0] = 6.9586 
(i) The neutral water has [OH ]=1x 107? M@ 
By adding 1.0x 10° M NaOH, a concentration of 7 

1.0 107° M OH7™ ions has increased in:solution. 

Thus, _ total [OH™ ]=(1x 107’ + 1.0x 10%) mM 
=11x107 M 
pOH=— log 1.1x 107’ 
=6.9586 
pH =(14 — pOH) = (14 — 6.9586) = 7.0414 
-» Example 38. Calculate the S 2- jon concentration in a 


saturated solution (0.1M )ofH,S whose pH was adjusted to 2 by 
the addition of HCI. (Kg =1.1x10") 


Solution: H,S === 2H* +8* 


_(H'P [s*] 
{H,S] 
or . [s>- joes [H,S] 
[H*}? 
pH=2; So, [H*]=1x 10? M 
H,S is a weak electrolyte, So, [H,$]=0.1M 


1.1107! x 0.1 


So, [S* ]=——_____ 
1x10 x 1x 107 


=L1x1078 vw 


. Example 39. What is the hydrogen ion concentration of 
0.1 N CH;COOH solution? The ionisation constant of 
CH,COOH is 1.8x10~>. What is the pH of the solution? — 


Solution: Let the degree of disscz-aiion be ‘a’. 
CH, COOH is a weak electrolyte; thus, 
a’C=K, 
a? x0.1=1.8x 10> 
or a =1.34x 107 
[H* ]=o0.-C =1.34x 107 x 0.1=1.34x 10 M 
pH =— log [H* ]=— log 1.34 x 10° = 2.8729 


19. 


20. 


21. 
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At 90°C, pure water has [H,0°]=10° M. What is the 
value of K,, at this temperature? [CBSE (Med.) 2006] 
(a) 10° (b) 10°? (ce) 10°? (d) 1074 

[Ans, (b)] 


[Hint: [H,0* ]=[OH” ]=10° M@ 
K,, =[H,0* [OH ~]=10°7] 
The pH of 0.5 M aqueous solution of HF (K, = 2x 10“ )is: 


(a)2 (b) 4 (c) 6 (d) 10 
[Ans. (a)] 


[Hint: a Lee = 05x2x104 =10? M 


~ logy [H* ]= - log 107 = 2] 


The nao ion n concentration ina solution having pH value 
...3 willbe: - 

(a)10''M  (b)107 M ie 103 M~ (d)10"%M 

[Ans. (a)] 

[Hint: pH + pOH = 14 


22. 


23. 


24. 


pOH =14-pH=14-3=11 
[OH™] = 10°! = 107! a4] 
A50 mL solution of pH = lis mixed with a 50 mL solution of 


pH = 2. The pH of the mixture will be nearly: 


(a) 0.76 (b) 1.26 (c) 1.76 (d) 2.26 
[Ans. (b)] : 
[Hint: pH =1,[H*]=10'M 


pH =2,[H* ]=10°? M 
MV, + MiV,= MpV, + V2) 
10°! x 50+ 10° x 50 = Mp x 100 
Mp =5.5X10°M 
(Resultant molarity of H” ions) 
pH = —log 5.5 x 10° = 1.26] 

The pH of a solution obtained by mixing 50 mL of 0.4 N HCl 
and 50 mL of 0.2 NW NaOH is: 


(a)-log2 — (b) - log 0.2. (@)1 
[Ans. (c)] 


(Hint: Ny Vj acid N22 base = Np Vy + ¥2) 


(d)2 


0.4 x 50-0.2 x 50= Np x 100 
Np = 0.1 
[Ht ]=0.1M 
pH = —log[H* ]=—log 0.1=1] 
What will be the pH value of 0.05 7 Ba(OH), solution? 


_ [PMT (Raj. 2006} 
(a) 12 (b) 13 (c) 1 (d) 12.96 
{Ans. (b)] 
[Hint: Ba(OH), —> Ba” + _ 20H” 
0.05 M 2x 0.05 M 
=O.1 M@ 
pOH =—Jog[OH™ ]= ~ log 0.1=1 


pH =14-1=13] 
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25. Equal volumes of three acid solutions of pH 3,4 and 5 are 
mixed ina vessel. What will be the H* ion concentration in the 
mixture ? [CBSE (PMT) 2008] _ 
(a) 3.7x10°°M 


(c) L.11x 10° 4M eee 


[Ans. (d) ] 
[Hint: [H*]=10°M, [H* ]=10-* M, pH )=10" M for the 
given acids. 
Mix mix = MV, + MV, ag MW; 
Moyig X 3 =1073 x14 10°4 x14 107° x1 
-5 -5 
u,,, = 12 [10010 +1) 1X10"? as aie say 
3 3 
=3.7x10 4M] 


i4 BUFFER SOLUTIONS 


For.-several purposes, we need solutions which -should.-have-— 
constant pH. Many reactions, particularly the biochemical 
reactions, are to be carried out at a constant pH. But it is observed 
that solutions and even pure water (pH=7) cannot retain the . 
constant pH for long. If the solution comes in contact with air, it 


will absorb CO, and becomes more acidic. If the solution is.. - 


stored in a glass bottle, alkaline impurities dissolve from glass 
and the solution becomes alkaline. 

A solution whose pH is not altered to any great extent by the _ 
addition of small quantities of either an acid (H* ions) or a base 


(OH ~ ions) is called the buffer solution. It can also be defined as a 


solution of reserve acidity or alkalinity which resists change of pH 
upon the addition of small amount of acid or alkali. 


General Characteristics of a Buffer Solution 
(i) It has a definite pH, ie, it has reserve acidity or 
alkalinity. 
(ii) Its pH does not change on standing for long. 
(iii) Its pH does not change on dilution. 
(iv) Its pH is slightly changed by the addition of small 
quantity of an acid or a base. 
Buffer solutions can be obtained: 
(i) by mixing a weak acid with its salt with a. srong base, 


€.8., 
(a) CH, COOH + CH,COONa 
(b) Boric acid + Borax 
(c) Phthalic acid + Potassium acid phthalate 
(ii) by mixing a weak base with its salt with a strong acid, 
@g., 
(a) NH,OH + NH,Cl 
(b) Glycine + Glycine hydrochloride 
Gii) by a solution of ampholyte. The ampholytes or 
amphoteric electrolytes are the substances which show properties 
of both an acid and a base. Proteins and amino acids are the 
examples of such electrolytes. — 


(b) 1.11 x 10734 srr agg 
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(iv) by a mixture of an acid salt and a normal salt of a 
polybasic acid, e.g.,Na,HPO, + Na,PO, ora salt of weak acid 
and a weak base, such as CH; COONH,. 


The first and second type are also called acidic and basic 
' buffers respectively. 


Explanation of Butter Action 


.(@ Acidic buffer: Consider the case of the solution of 
acetic acid containing sodium acetate. Acetic acid is feebly 


ionised while sodium acetate is almost completely ionised. The | - 


<mixture thus contains CH,COOH molecules, CH,COO™ ions 
Na* ions, H* ions and OH™ ions. Thus, we have the following 
equilibria in solution: 
CH,COOH == H* + CH,COO™ (Feebly ionised) 
CH,COONa == Na* +CH,COO™ (Completely ionised) 
H,O==H* + OH” _ (Very feebly ionised) 
When a drop of strong acid, say HCI, is added, the H* ions 


furnished by HCI combine with CH,;€OO™ ions to form feebly- 


ionised CH, COOH whose ionisation is further suppressed due to 
common ion effect. Thus, there will be 4 very slight effect in the 
overall H* ion concentration or pH value. 

When a drop of NaOH is added, it will react with free acid to 
form undissociated water molecules. 

CH,COOH + OH” == CH;COO + H,0O 

Thus, OH” ions furnished by a base are removed and pH of 
the solution is practically unaltered. 

(ii) Basic buffer:- Consider the case of the solution 
containing NH,OH and its salt NH,Cl. The solution will have 
NH,OH molecule, NH; ions, Cl” ions, OH™ ions and H” ions. 


NH,OH == NH; + OH™ (Feebly ionised) 
NH,Cl == NH, + Cl” (Completely ionised) 
H,O==H* + OH” (Very feebly ionised) 


When a drop of NaOH is added, the added OH ~ ions combine 
with NH, 4 ions to form feebly ionised NH, OH whose ionisation 


is further suppressed due to common ion effect. Thus, pH is not 
disturbed considerably. 


NH; + OH™ 
er 
(From strong base) 
When a drop of HCI is added, the added H * ions combine 
with NH,OH to form undissociated water molecules. 


NH,OH+ H* <=NH,; +H,0 


<= NH,OH 


(From rot acid) 
Thus, pH of the buffer is practically unaffected. 
Diagramatic Representation of Buffer Action 


Acid Buffer (CH,COOH + CH; COONa) 
Base Buffer (NH,OH + NH,Cl) 


+OH- 


Henderson’s Equation (pH of a buffer) 
{i) Acidic buffer: [t consists of a mixture of weak acid and 


its salt (strong electrolyte). The ionisation of the weak acid, HA, 
can be shown by the equation, 


H4 =" H* +47 


Applying law of mass action, 


H*][47 : 
_ CIA] .@ 
[H4] 
or [H']=K, Lia ... (ii) 
oA lt 9 
It can be assumed that concentration of 4A~ ions from 


complete ionisation of the salt BA is too large to be compared 
with concentration of A~ ions from the acid HA. 
BA == Bt + A7 
Thus, [HA]= Initial concentration of the acid as it is feebly 
ionised in presence of common ion 
and [A™~ ]= Initial concentration of the salt as it is completely 
ionised. 


So, rHty=x, Aad _. (ti) 
be [Salt] 
Taking logarithm and reversing sign, 
| [Acid] 
log [H *]=— log K, — lo | 
g[H*] 8 Bis all 
[Salt] 
or H = log ——— — log K 
P g [Acid] BA, 
[Salt] : 
or H=pK , 216 w. (IV). 
pH=p Sl eeere [Acid] (iv) 
This is known as Henderson’s equation. 
When [Bets = 10, then 
[Acid] 
pH=1+ pK, 
and when eae then 
[Acid] — ee 


pH= pK, = 
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So, weak acid may be used for preparing buffer solutions 
having pH values lying within the ranges pK, + land pK, — 1 
The acetic acid has a pK, of about 4.8; it may, therefore, be used 
for making buffer solutions with pH values lying roughly within 
the range 3.8 to 5.8. 

(ii) Basic buffer: It consists of a weak base and its salt with 
strong acid. Ionisation of a weak base, BOH, can be represented 
by the equation, 

BOH== Bt + OH™ 

Applying law of mass action, 


_ [Bt [OH] - 

| K, = TBOH] v. (i) 

or [OH ]=K, (Bon! -.. fii) 
[Bt] 


As the salt is completely ionised, it can be assumed that whole 


of B* ion concentration comes from the salt and contribution of 
weak base to Bri ions can be ignored. . 
BA == B* +A™ (Completely ionised) 
So, [oH j=K, Basel .. (ii) 
> [Salt] 
or pOH = log ——= [Salt] —log K, 
[Base] 
or - pOH=pK;, + log a (iv) 


Knowing pOH, pH can be calculated by the application of ane 
formula, 
pH+ pOH =14 
Buffer capacity: The property of a buffer solution to resist 
alteration in its pH value is known as buffer capacity. It has been 
found that if the ratio —— alll ¢ LSaltl 
[Acid] " [Base] 
particular buffer does not change at all. Buffer capacity is defined 
quantitatively as number of moles of acid or base added in one 
litre of solution as to change the pH by unity, i.¢., 


is unity, the pH of a 


Buffer capacity , 
= Ce No. of moles of acid or base added to | litre 
Change in pH 
or 0 = ob 
(pH) 


where, db ——> number of moles of acid or base added to 1 litre 
solution and d(pH) —— change in pH. 

Buffer capacity is maximum: 

(i) When [Salt] = [Acid], i.e.,pH =pX,, for acid buffer 

(ii) When [Salt] = [Base], 22, pOH = pX, for base buffer 
under above conditions, the buffer is called efficient. 


Utility of Buffer Solutions in Analytical Chemistry 


Buffers are used: 
(i) To determine the pH with the help of indicators. 


(ii) For the removal of phosphate ion in the 
qualitative inorganic analysis after second group using 
CH, COOH + CH,COONa buffer. 

For the precipitation of lead chromate quantitatively 
in gravimetric analysis, the buffer, CH,COOH+ 
CH,COONa, is used. 

For precipitation of hydroxides of third group of 
qualitative analysis, a buffer, NH,Cl + NH,OH, is used. 
(v) A buffer solution of NH,Cl, NH,OH and (NH, ). CO; is 
used for precipitation of carbonates of fifth group in 
qualitative inorganic analysis. 

The pH of intracellular fluid, blood is naturally 
maintained. This maintenance of pH is essential to 
sustain life because, enzyme catalysis is pH sensitive 
process. The normal pH of blood plasma is 7.4. 
Following two buffers in the blood help to maintain pH 
(7.4): 

(a) Buffer of carbonic acid (H.,CO; and NaHCO;) . 
(b) Buffer of phosphoric acid (H,PO3, HPO; ) 

Buffers are used in industrial processes such as manufacture 
of paper, dyes, inks, paints, drugs, etc. Buffers are also employed 
in agriculture, dairy products and preservation of various types of 
foods and fruits. 
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iple 40. The DH of a buffer is 4.745. When 0.01 mole 
of NaOH is added to | litre of it, the pH changes to 4.832, 
calculate its buffer capacity. 

Solution: From definition, 


(iii) 


(iv) 


(vi) 


0b 
o[pH] 
O(pH) = (4.832 — 4.745) = 0.087, db = 0.01 


Substituting given values, 
o= ae 0.115 
0.087 
cxample 41. Suppose it is required to make a buffer 
solution of pH = 4, using acetic acid and sodium acetate, How 
much of sodium acetate is to be added to \ litre of N/10 acetic 
acid? 
Dissociation constant of acetic acid = 1.8 10°. 


Solution: 


Buffer capacity ( o)= = 


Applying Henderson’s equation, 


[Salt] 
Hep, ea 
Do esa 


4 =log [Salt] — log (0.1) - log 1.8x 10° 


~log K, 


So, log [Salt] =(4— 1- 5 + 0.2552) = 2.2552 
[Salt] =0.018g mol L™ 
The molecular mass of CH, COONa = 82 
Amount of salt = 0.018 x 82 = 1.4762 


Example 42. What is the pH of the solution when 0.2 mole 
of hydrochloric acid is added to one litre of a solution containing 
1M acetic acid and acetate ion? Assume that the total volume is 
one litre. (K , for CH,COOH = 1.8x 107) 
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Solution: On adding HCl, the free hydrogen ions will 
combine with CH,COO™ ions to form CH,;COOH. Thus, the 
concentration of acetic acid increases while that of CH,COO™ 
ions decreases. 

[CH, COOH] = (0.2+ 1)=1.2 mol litre” 
[Salt] = (1— 0.2) =0.8 mol litre 
Applying Henderson’s equation, , 
[Salt] 


=log 2"! _ log K, 
SiAcid] 


0.8 ? 
Sieg he t0 
a ae 


— log 1.8x 107° = 4.5687 


“Example 43. 20m of 0.2 M sodium hydroxide is added to 
50 mL of 0.2 M acetic acid to give T0mL of the solution: What is 
the pH of the solution? Calculate the additional. volume of 0.2 M 


= log 2- log 3 


NaOH required to make the pH of solution 4.74. The ionisation- 


constant of acetic acid is 1.8 x 10°. 
No. of moles c NaOH in 


20 mL =—22_ x 20 = 0.004 
1000 


No. of moles of acetic acid in 50 mL ~000 5 x 50=0.01 


Solution: 


When NaOH is added, CH, COONa is formed. 


CH,COOH + NaOH == CH,COONa + H,O 
i mole mole -L mole imole 


No.of moles of CH,COONa in 70 mL solution = 0.004 
No. of moles of CH;COOH in 70 mL solution 
= (0.01 — 0.004) = 0.006 
Applying Henderson’s equation, 


HS top ie 
[Acid] 
=log oe log 1.8107 = 4. 5687 
006 
On further addition of NaOH, th®pH becomes 4.74. 
[Salt] 
H = lo —log K, 
Bee Acidy 
g perl — log 1.8x 10° 
[Acid] 
[Salt] _ be 
or log --—~ = pH + log 1.8x 10° =(4.74 — 4.7448) =~ 0.0048 
[Acid] 
So, [Salt] 7 9952 
°F T Acid) 
[Salt] _ 9 991 
[Acid] 


Let ‘x’ moles of NaOH be added. 
[Salt] = (0.004 + x) mole 
[Acid] = (0.006 — x) mole 


[Salt] _ 0.004 + x 

[Acid] 0.006— x 

or. 0.004 + x = 0.9891 x 0.006 — 0.9891x 
x = 0.000972 mole 


Volume of 0.2 4 NaOH solution having 0.000972 mole 


=“ x 0.000972 = 4.86 mL 


=0.9891 


txample 44. Calculate the pH of the buffer solution 
containing 0.15 mole of NH,OH and 0.25 mole of NH,CLK, for 
NH,OH is1.98x10°, 


Solution: Applying the equation, 


7 [Salt] 
oe lg [Base] 


0.25 5s _ 
= log —— — log 1.8x 10 : oer 
eos log LSX107 tones 


~ log K, 


= log 5~ log 3— log 1.8x 10° 
= 0.6989 — 0.4771+ 4.7448 = 4.966 
pH= (14 — 4.966) = 9.034 


- ample 45. What volume of 0.10 M sodium formate 
solution should be added to 50'mL of 0.05 M formic acid to 
produce a buffer solution ofpH 4.0? pK , for formic acidis3.80. __ 
(1iT 1990} 
Let x mL of 0.10 M sodium formate be added. 


No. of moles in x mL of 0.10 M sodium formate = ot) Xx 


Solution: 


No.of moles in 50 mL of 0.05 M formic acid = ail x 50 
0.10x x 
[Sod. formate] 1000 0.10x 
eo = 004 
_[Formicacid] 9.05x50 2.5 
: 1000 
Applying the equation, 
pH = log Bae +pK, 
[Acid] 
= log 0.04x + 3.8 
x= 39.6 mL 
Example 46. How many gram moles of HCl will be 


required to prepare one litre of a buffer solution (containing 
NaCN and HCN ) of pH 8.5 using 0.01 g formula mass of NaCN? 
K, for HCN =4.1x10, 


Solution: Let a mole of HCI be added. It will combine with 
NaCN to form HCN. 


NaCN + HCl ——> NaCl + HCN 
a a a 
[NaCN] = (0.01— a) 
[HCN] = 
Applying the equation, 


[NaCN] 
H = lo 
p. g [HCN 


—log K, 
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0.01- 


8.5= log — log 4.1x 107° ee MY _0.1x10 
_ (001-4) ae Number of moles of CH,COOH = ine ao 0.001 
So, 2) - 9 54.0.6127—100= 1.1127 MY 0.1x20 
a Number of moles of CH,COONa - Fe a = 002 
ei 01-2) are 1000 1000 
a [Salt] A 
pH = pK, + log [Acid] 
or a =—— = 0.0089 mole 0.002 
1.1296 =4.744 14+ tog| 00 - 5.04] 
ee 0.001 


31. 40 mL of 0.1 Mammonium hydroxide is mixed with 20 mL of 


26. The pH of a solution that is 0.1 M NaA and 0.1 MH 0.1 Mf HCl. What is the pH of the mixture? (pK, of ammonia 
(K,=1x 10°) would be: solution is 4.74.) ; (ATIMES 20083 
(a)5 -(b)6 ©3 @7 an ee, ee ee 
Lane 0] : [Hint: Since, ammonium hydroxide is 50% neutralised, hence 
[Hint: pH =pX, + log —— [Salt] = age Ne + log se [Salt] = [Base] 

[Aci d) [Acid] 


~ [Salt] 
= + = Pe enn : 
=~ og 10 + log 2 = 6] pOH = pK, + logig [Base] 4.74 + logy 1= 4.74 


: H = 14 - 4.74 = 9,26] 
27. pK, for acetic acid is 4.74. What should be the ratio of p 
Ges ¥ : pias bases oe, 32. The pK, of a weak acid (HA) is 4.5. The pOH of an aqueous 
concentrations of acetic acid and acetate ions to have a : . ' Treatane 
solution with pH 5.74? buffered solution of HA, in which 50% of the acid is ionised, 
eae ; is: , (AREER 2067) 
a) 1:10 10:1 c) 1:1 d) 2:1 rs : 
a és (6) (c) (d) (a) 7.0 (b) 4.5 (c) 2.5 (d) 9.5 
: Ans. (d 
[Hint: He pk log OO) gn [2] 
, a Sia [Acetic acid] (Hint: pH = pK, + logig —— [HA] 
5.74 = 4.74 + log Nena Since, acid is 50% ionised, hence [ 4” ]=[H4] 
etic aci 
or H = pK, + log 1 
[Acetic acid]: [Acetate] = 1:10] re 7 a : 
28. What is the pH of the buffer solution containing 0.15 mol of oa 
NH,OH and 0.25 mol of NH,CI? K, for NH,OH is POH = 14 ~4.5 = 9.5] 
1.98 x 107°: 33. pX,, value of acetic acid is 4.75, If the buffer solution contains 
(a) 10 (b)9 (c) 9.2 (d) 10.2 ~ 0.125 M acetic acid and 0.25 M sodium acetate, the pH - 
[Ans.° (b)] buffer solution is : [Comed (iaruataka) 2008 
[Salt] (a) 5.05 (b) 5.5 (c) 4.9 (d) 5.75 
(Hint: 14 ~ pH =pK, + log [Base] [Ans. (a)] 44 
u [Salt] 
0.25 [Hint : pH = pK, + log Acid 
= —log (1.98 x 1075) + log 928 “a [Acid] 
0.15 0.25 
; = 4.75 + log 
| pH=9) 0.125 
29. The pH of a buffer solution of 0.1 CH,COOH and 01M 505] 
CH,COONa is ......... (pK, = 4.745). “esExample 47. The dissociation constants for HCOOH and 
(a) 4.745 (b) 3.745 ‘ (c) 5.745 (d) 3.255 CH.COOH are 21X10 and 1.8107 respectively. Calculate 
{Ans. (a)] : the relative strengths of the acids. 
ae _ -, _ [CH,COONa] Solution: The strength of the acid is directly proportional to 
DHints DH= pig. +108 [CH,COOH] the square root of the dissociation constant. 
Of ae Strength of the acid » ./dissociation constant 
= 4.745 + log —— = 4.745] ee 
0.1 Hence, _sttengthof HCOOH __ | Kucoox 
30. The pH of a buffer solution prepared by adding 10 mL of 0.1 ” ‘Streneth of CH,.COOH AK 
M CH,COOH and 20 mL of 0.1 M sodium acetate will be: ss mt Mipee bait 


(Given: pK, of CH,COOH = 4.74) “4. 

a 2.1 10 
(a) 4.05 - (b) 3.04 (c) 5.04 (d) 3.05 a rarer ce 3.415 
[Ans. (c)] ‘ ;  V¥i8xi1d 
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xample 48. Freshly precipitated aluminium and 
magnesium hydroxides ae stirred vigorously in a puller solution 
containing 0.05 mol L"' of NH,OH and 0.25 mol E' of NH,CL 


Calculate the concentration of aluminium and magnesium ions ih 
mel 


K,, AI(OH); = 6x 10""; K, NH,OH =1.8x 10” 
K,, Mg(OH), = 6x10" 


Solution: 


[Salt] 
OH = lo —log K 
p g [Base] BAL 


! 0.25 - 
—log [OH ]=log —— — log 1.8 10 
g [OH ]=log nos 


1.8x 10° 
5 


[OH™ ]=0.36 x 10° mol L"! 
6x 10° 


or log [OH ]=log 


¢ Example 49, Calculate the pH at which Mg(OH ), begins 
to precipitate from a solution containing 0.10 M Mg** ions. 


(K,, Mg(OH), =1.0x 10"'') (IT 1992) 
Solution: K,, Mg(OH), =1.0x 10"! =[Mg”* [OH 7? 


=(0.10)[OH” ]” 


i 
or [oH ? = 10x10" 1x 107!° 
0.10 
or [OH ]J=1x 107 © 
[H*]= Hees =1x 10° 
1x 10> 


pH =- log [H* ]=— log (1x 10° )=9.0 


Example 50. An aqueous solution of metal bromide, 
MBr, (0.05 M_.)is saturated with H,S. What is the minimum pH 
at which MS will precipitate? K ,, for MS = 6.0x 10, conc. of 
saturated H,S =0.1M. 

K, =107 and K, =1.3x10" forH,S 


(IT 1993) 


Solution: The minimum concentration of S* ions required 
to precipitate M S is, 
KMS pet 
igh a UN ix i0- 
[M*] 0.05 


H, S ionises in solution in two steps: 
H,S===H* +HS; K, =107 


HS" == H*+8*; K,=1.3x10" 
+ a oe 2- 

[H™}[HS"] _ K, and [ATMS "I _y 
[H,S] [HS"] 
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Hence, K,K,= [H"YIS"] 
[H,S] 
a IH p= K,K[H)S] _ 1077 x 13x10? x01 
(s?7j 1.2x 107? 
=1,08x 107 | 


So, [H*]=1.04x107 
_____ DH =~log [H" ] =~ log (1.04 x 10°") = 0.98 


The pH of blood stream is maintained by a 
proper balance of H,CO, and NaHCO, concentrations. What 
volume of 5 M NaliCO, solution should be mixed with a 10 mL 
sample of blood which is 2M in H,CO,, in order to maintain a 
pH of 747? K , for HCO, in blood is 78x10". ar 1993) 
Solution: Let ¥ mL of 5 Mf NaHCO, solution be mixéd.. 


Total volume = (V + 10) mL 
‘Cane: of H,CO, and NaHCO, in the solution becomes 


_ SxX¥V 
ny Os Fp 


and _ [H,CO,]= 


Now applying Henderson’s equation, 
[NaHCo, ] 


[H,CO; ] 
5xV 
(V +10) 


pH =- log K, + log 


ye VY #10) 


= —log 7.8x 107 + lo: 
6 . 2x10 


=-log 7.8x 1077 + log ‘ 


or _ log ~ =7.4+ log 7.8x 107 


V = 78.32 mL 
‘ample 52. The pH of 0.05 M aqueous solution of 


diethylamine is 12. Calculate its K ,. (IT 1993) 
Solution: We know that, pH+pOH=14 
or pOH = 14 - pH=14-12= =2 
So, (OH j= 10°? 
- (C,H, )o NH+ H, —— (C,H, )2 NH,” + OH 
At equilibrium (0.05 ~— x) x x 
© (0.05 ~ 0.01) 0.01 0.01 
C,H, ),NH," ][OH™ 
x, ="! 2H; )2 I ]_0.01x0.01 5493 
[(C,Hs do NH] 0.04 ss 
Example 53. 100 mL of HCI gas at 25°C and 740 mm pre- 


ssure were dissolved in one litre of water. Calculate the pH of 
solution. Given, vapour pressure of H,O at 25° C is 23.7 mm. 
Solution: Given, VY =100mL=0.1L 

ee a — 23.7 
760 

R = 0.0821 

T = (254+ 273) K = 298K 

= nRT 


atm = 0.9425atm 


Applying, 
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or , as cae CIE ee mol 


Molarity = es 2 = 3.85x107 M 
HCl is a strong electrolyte. It is completely dissociated. 
So, [H* ]= 3.85x 107 M 
pH=— log [H* ]=- log 3.85x 107 = 2.4146 
‘Example $4. Calculate the [CI” |, [Na*], [H*], [OH™] 


and pH of the resulting solution obtained by mixing 50 mL of 
0.6 N HCl and 50 mL of 0.3 N NaOH. 


Solution: HCl + NaOH -——»NaCl+ H, 0 
Milli-equivalents 50x 0.6 50 x 0.3 0 
before reaction - = 30 =15 
Milli-equivalents (0-15) 
after reaction =15 0 15 15 
Total volume = 50+ 50=100 mL 
(o-y=5415 203.0 
100 - 


[Na*]= 19 ~0.15m 


[H*]= 5 = 0.15 
100 


z o 4 


[OH ]= rage 6x10! 


ee [H" ]=— log 0.15 = 0.8239 


Example 55. What is the pH of a 1.0 M solution of acetic 
acid? To what volume of one litre of this solution be diluted so 
that the pH of the resulting solution will be twice the original 
value? Given, K, =1.8x 10°. (IT 1990) 


Solution: We know that degree of dissociation, 


K, 
C. 


2 [18x10 
Z| 


= 4,2426x 107 


as 


[H* ]=C xa =1x 4.2426x 107 
= 4.2426 x 107? mol L! 
pH =- log [H* ]=— log 4.2426x 10° =2.3724 


So, pH of the acetic acid solution after dilution = 2 x 2.3724 
= 4.7448 
New [H* ]=10°478 =1.8x 10° 
Let the new concentration be C9. 


CH,COOH=—= H” +CH,COO . 
At equilibrium Cg - 1.8 x 107 18xio® 1.8105 


a ~5 ~§ 
x, - ICH,;COO™} _1.8x 10 x1.8x 10 sass 
[CH, COOH]. (Cy ~1.8x 107) 
So, Cy =3.6x 10° 
Let the new volume be V litre 
1x1=3.6x10° xV 
1 


~ 36x 10° 


xample 56. Calculate the change in pH of one litre 
uffer solution containing 0.10 mole each of NH, and NH,Cl 
upon addition of (i) 0.02 mole of dissolved gaseous HCl, (ii) 0.02 
mole of dissolved NaOH. 

Assume no change in volume (K , for NH, =1.8x 107°). 


= 2.78 x 10* litre 


(IIT 1992) 
Solutién: pOH of NH, and NH, Cl buffer 
=-log K, + log [salt 
Nig 
=—log 1.8x 10% lon a yas 


pH =(14— 4.75) =9.25 
First case: = NH, + HCl—> NH,Cl 
[Salt] =(0.1+ 0.02)=0.12.M@ 
[Base] = (0. 1- 0.02)=0. 08M 


pOH=~ log K, + eS a 


= 4.75 + 0.176 = 4,926 
pH = (14 - 4.926) = 9.074 
ApH =(9.25— 9.074) = 0.176 pH unit 
NH, Cl + NaOH —> NH, + NaCl 
[Salt] =(0.1— 0.02) = 0.08 M 
[Base] = (0.1+ 0.02) =0.12M 
0.08 


OH = —log K, + log —— 
p BK, arte) 


= (4.75 — 0.176) = 4.576 
pH =(14 — 4.574) = 9.426 
ApH = (9.426 — 9.25) = 0.176 pH unit 
=< Example $7... Saccharin (K, = 2x 107") is a weak acid 
represented by formula HSac. A 4x 10% mole amount of 
saccharin is dissolved in 200 cm? water of pH = 3, Assuming no 


Second case: 


change in volume, calculate the concentration of Sac” ions in the 
resulting solution at equilibrium. (AIT 1994) 
Solution: Concentration of saccharin 


_ 4x10" 


x 1000= 2x10 mol LD? 


[H*]=10°# =107 mol L! 
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. + = 
—— ' H 


(07 +x) 
_[H" ][Sac7]_ 10 +x)[Sac7] 
~ [HSac] [2x 10% -x] | 
2x10? x (2x 107 — x) 
(10°? + x) 
Since, x is very small, it can be neglected. 
2x 10°? x 2x 107 
10° 
“Example 58. An aqueous solution contains 10% 


ammonia by mass and has a density 0.99 g cm™. Calculate 
hydroxyl and hydrogen es concentration in this solution. 
(K, forNH, = 5.0x 107° 'M) (HIT 1995) 
Mass.of 1 litre solution.= 1000 x 0.99 g 

= 990g 
NH, present in 990g solution = 99g 


HSac 
[(2 x 107%) - x] 


+ Sac 


a 


[Sac ]= 


[See c= =4x10" mol L? 


Solution: 


1 litre solution contains = oo =5.8 mole 


NH, +H,0— NH; + OH 
[NH, WOH] = xxx x? 


Ken 
(S.8-x) 5.8 


So, 2x 10° = 


x=1.078x 10? mol L 
[OH- ]=x=1.078 x 107 M 
19°!4 


ae 27x10 M 


[H"]= 


- Example 59. 0.15 mole of pyridium chloride has been 
added into 500cm? of 0.2 M pyridine solution. Calculate pH and 
hydroxyl ion concentration in the resulting solution assuming no 
change in volume. . 

(K, for pyridine =1. 5: x10°° M) (LIP 1995) 
Solution: - Concentration of pyridium chloride 


=0.15x2=0.3M 


- [Salt] |. 
pOH log [Base] log K, 


0.3 _9 
= log — — log 1.5x 10 
5 0.2 & 


=9 
[OH ]=10°°# =10° 


pH =(14— pOH)=(14- 9)=5 


‘ Sxample 60. How many moles of acetic acid and sodium 
acetate each should be dissolved to prepare one litre of 0.063 
molar buffer solution of pH 4.5 ? 


‘(K, forCH,COOH =1.28x 10°) 


Solution: Applying Henderson’s equation, 
-log K, 


jog StH 454 tog 18x 107 =~ 0.2447 
[Acid] 


[Salt] ; 
——- =antilog (— 0.2447) = 0.5692 
aa ee 

[Salt] = 0.5692 x [Acid] 
[Acid] + [Salt] = 0.063 


[Ac id] = SS =0.040 mol L! 
5692 


Given: 


[Salt] = (0.063 — 0.040) = 0.023 mol L™! 


SALT HYDROLYSIS 


Pure water is a weak electrolyte and neutral in nature, ie., H ~ 
ion concentration is exactly equal to OH ~ ion concentration 
[H*]=[OH™ ] 

When this condition is disturbed by decreasing the 
concentration of either of the two ions, the neutral nature changes 
into acidic or basic. When [H* ]>[OH™ ], the water becomes 
acidic and when [H* ]<[OH™ ]; the water acquires basic nature. 
This is exactly the change which occurs during the phenomenon 
known as salt hydrolysis. It is defined as a reaction in which 
the cation or anion or both of a salt react with water to 
produce acidity or alkalinity. . 

Salts are strong electrolytes. When dissolved in water, they 
dissociate almost, completely into ions. In some salts, cations are 
more reactive in comparison to anions and these react with water 
to produce H * ions. Thus, the solution acquires acidic nature. 


M* +H,0——~ MOH +H" 
Weak base 


In other salts, anions may be more reactive in comparison to 
cations and these react with water to produce OH ~ ions. Thus, 
the solution becomes basic. 


A” +H,0s— HA 


feak acid 

The process of hydrolysis is actually the reverse of 

neutralisation. 
Salt + Water == Acid + Base 

If acid is stronger than base, the solution is acidic and in case 
base is stronger than acid, the solution is alkaline. When both the 
acid and the base are either strong or weak, the solution is 
generally neutral in nature. 

As the nature of the cation or the anion of the salt determines 
whether its solution will be acidic or basic, it is proper to divide 
the salts into four categories. 


+OH” 
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(1) Salt of a strong acid and a weak base. 

Examples: FeCl, , CuCl,, AICI, , NH,Cl, CuSO, , etc. 

(ii) Salt of a strong base and 4 weak acid. 
Examples: CH,COONa, NaCN, NaHCO, ,Na,CO,j, 
etc. 

(ili) Salt of a weak acid and a weak base. 
Examples: CH,COONH,, (NH, ),CO,,NH,HCO,, 
etc. 

(iv) Salt ofa strong acid and a strong base. 
Examples: NaCl, K,S0,, NaNO, , NaBr, etc. 


1. Salt of a strong acid and a weak base 
The solution of such a salt is acidic in nature. The cation of the. 
salt which has come from weak base is reactive. It reacts with 
water to form a weak base and H * ions. 
B*+H,O=—— BOH +H* 
Weak base 
Consider, for example, NH, C1. It ionises in water completely 
into NHj and Cl” ions. NHj ions react with water to form a 
weak base (NH, OH) and H* ions. 
NH, +H,O=— NH,OH + H* 
Cl — x) Cx Cx 
Thus, hydrogen ion concentration increases and the solution 
becomes acidic. 
Applying law of mass action, 


+] (=x) 


where, C is the concentration of salt and x the degree of hydrolysis. 
Other equilibria which exist in solution are 


* [OH™ 
NH,OH=—= NH,’ + OH, K, ~ INH, OH] . (ii) 
[NH,OH] 
H,O==H* +0OH™, K,, =[H’ ][OH ] ... (iii) 
From eqs. (ii) and (iii), 
+ 4 
me x, ... iv) 
Ky [NH, ] 
pat j= KalNHy 1 _ Ky [NH, ] 
[NH,OH] &, [NH,OH] 
ine (alge B= oe Re toe 
[Base] 
[Salt] 
—pH=-— pX,, + pK; + lo 
Pp. pa y Pp. 5 © Base] 
[Salt] , 
K - pH= pK, + lo 
pk ,.~ pH= pA, 8 Base] 
[Salt] 
OH= pK, + lo 
P pa, g [Base] 


Relation between Hydrolysis Constant 
and Degree of Hydrolysis , : 

The extent to which hydrolysis proceeds is expressed as . 
degree of hydrolysis and is defined as the fraction-of one mole of 
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the salt that is hydrolysed when the equilibrium has been 
attained. It is generally expressed as A or x. 


h= Amount of salt hydrolysed 
Total salt taken 
Considering again eq. (1), 
2 2 
a xC oe A°c 
(i-x) (l-hA) 
When A is very small (1-2) 1, 
h? = K,, x I 
Cc 
or h= Ka 
C 
is kK, 
K,xC 


[H* ]=hxC= CxKy 
Ky 


1 1 1 
log [H* ]=— log K,, += log C -—log K 
g [ ] 7B w 2 gs 3 gz b 
as= K dds es) K 
; 1 1 
=7-— pK, -—logC 
3? b 3 gs 


2. Salt of a weak acid and a strong base 


The solution of such a salt is basic in nature. The anion of the 
salt is reactive. It reacts with water to form a weak acid and OH 
ions. 

A~+H,O=— HA 
Weak acid 

Consider, for example, the salt CH, COONa. It ionises in water 

completely to give CH,COO™ and Na* ions. CH,COO™ ions 


+ OH™ 


react with water to form a weak acid, CH,COOH and OH ions. 


CH,COO” +H,O== CH,COOH + OH™ 
C(l- x ; Cx Cx 


Thus, OH” ion concentration increases, the solution becomes 
alkaline. 


Applying law of mass action, 

_[CH,;COOH][OH”]_ CxxCx Cx? » 

~ -(CH,COO"] ss C(I= x) (I-x) 

Other equilibria present in the solution are: 

_ [CH;COO™ j[H"] 

~ [CH;COOH] 

i 

-... (ii) 


K, .» (i) 


CH,COOH == CH,COO- +H*,K, 


H,O==H* +O, K,, =[H* JOH] 


From eggs. (ii) and (iit), © 


K,, _ (CH,;COOH][OH™ ] 


= =K, — ... (iv) 
Ke [CH,COO™ ] : 
four j= KaICHsCOO™] _ Ky [CH;COO™ ] 
[CH;COOH]  K, [CH,COOH] 
x [Salt] 
log [OH ]=log K,, —log K, + lo 
og [OH ]=log K,, — log K, ® Acid] 
: [Salt] 
—pOH=~pkK,, + pK, +lo 
P PK, + PK, +108 ay 
[Salt] 
K, -pOH= pK, +lo 
pa, —Pp P&G © Acid] 
[Salt] 
H= pK, +lo 
Pe Bes OE idl 
Considering eq. (1) again, 
Cx? Ch? 
(1-x) (l-h). 
When Ais very small, 1- 4)-——> 1 
or peak 
; of 
or se ee 
Cc 
[OH ]=4xC=JCK, = (cfs 
eee eS 
i \-=—— 
[OH ] 


2 ey (Kak Ky..» 
CXxK, Cc 
K, 
- log [H* }=-$ log K, ~ 5 log K, += = log C 


| Le 1 
H=~— pK, +—pkK, +—logC 
P P w 5 ats g 


7 1 | 
=7+—-pK, +—logC. 
gre Ngee 


3. Salt of a weak acid and a weak base 


Maximum hydrolysis occurs in the case of such a salt as both’ 


the cation and anion are reactive and react with water to produce 
H* and OH ™ ions. The solution is generally neutral but it can be 
either slightly acidic or slightly alkaline if both the reactions take 
place with slightly different rates. Consider, for example, the salt 
CH, COONH,. It gives CH,COO” and NH < ions in solution. 


Both react with water. 
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NH, + H,O== NH,OH +H* 
Weak base 


| Both the reactions 
occur with sarne 
== CH,COOH + OH’ | speeds. The solu - 


CH,COO™ + H, 


Weak acid tion is neutral. 


or CH,;COO™ + NH,* +H,0 


<= CH, COOH + NH,OH 
C(l-A) 


CUl-A Ch Ch 
_ [CH,;COOH][NH, OH] 
[CH,COO™ ][NH; ] 
Other equilibria which exist in solution are: 


CH, COOH==CH,COO” +H", K, 2 C00, TEE 


[CH, COOH] 
Gi) 
NH,OH==NHi +OH", K,= a (ii) 
4 


H,O=—=H*+OH, K,, =[H*][OH"] _... Gii) 
From eqs. (4), (ii) and (iii), 
K,, __ [CH,COOH][NH, OH] 


K,= ~ 
[CH,COO (NH; J 


. (iV 
KK; (iv) 


Let C be the concentration and h be the degree of hydrolysis 
2 
d-4y 
When A is small, (1-4) 1, 
K,=h? 


Sn ae ee 


\K, xK, Te 
[H*]=K, xh 


K,= 


=K, xX _ Kw 
K, XK, 
K, xK,, 
Ky 


—log [H™ J=~ 5 lo K, ~ 5 log Ky + ilo K, 


1 1 
H=— pK, +—pK 
pH=— pK, +52 


1 
Pe 


1 
w Se PG 
1 
-— pK 
5P b 


When pK, =pK,, pH=7, ie. solution will be neutral in — 
nature. 

When pk, > pK, the solution will be alkaline as the acid 
will be slightly weaker than base and pH value will be more than 
7. In case pK, < pX,, the solution will be acidic as the acid is 
relatively stronger than base and pH will be less than 7. 
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4. Sait of a strong acid and a strong base 

Such a salt, say NaCl, does not undergo hydrolysis as both the 
ions are not reactive. The solution is thus, neutral in nature. 
5. Hydrolysis of amphiprotic anion 


Let us consider hydrolysis of amphiprotic anion only, ie., 
when counter cation is not hydrolysed example of some salts of 
this category are NaHCO,, NaHS, Na,HPO,, NaH,PQO,. 


_ + 
(i) H,PO, = H,PO, +H"; K,, - OPO | 
. [H; PO, ] 
2- + 
Gi) H, PO; —— HPO? +H; us [HPO; tH ] 
[H,PO; ] 
3- + 
Gi) HPO} —=PO} +H"; K,, = (PO, |[H"]. 
[HPO] ] 


Here, H,POj and HPO?” are amphiprotic anions, pH after their 
hydrolysis can be calculated as, 


H of H KK, + pk 

pH of H,PO; in aqueous medium = Sa 
H of HPO: KK, + pk 

pH of a in aqueous medium = oe 


Here, HPO{ is conjugate base of H,PO; and HPO, is 
conjugate Be of H,PO;. 
Similarly, PO; is conjugate base of HPO? and HPOz 
conjugate acid of PO] . 
(iv) Let us consider amphiprotic bicarbonate anion. - 
HCO? +H,O = CO} +HjO  (lonization) 


Acid Conjugate base 
HES +H,O =— H,CO, +OH (Hydrolysis) 
Conjugate acid 
H,CO, == H* +HCO;; K,, = [H" J[HCO5 | 
[H,CO,;] 
+ 2- 
HCO; — 4 He + coz; % a {H [C03 ] 
[HCO; ] 
pH of HCO, ion after hydrolysis in aqueous medium 
= pk ay) + pk ag 
2 


(v) Let us consider the hydrolysis of amphiprotic anion along 
with cation, e.g., NH,HCO,, NH,HS. 

In above examples both cations and anions are derived from 
weak base and weak acids respectively, hence both will undergo 
hydrolysis in aqueous medium. 


When these salts are dissolved in water, [H,O* ]concentration 
can be determined as, , 


Table 10.1 Hydrolysis at a Glance 
Salt Nature| : Degree _ Hydrolysis a of 

1. NaCl No 7 a 
(Strong acid + Neutral | hydrolysis ‘ 

Strong base) 

2. CH,;COONa K lar Kw ee! 
(Weak acid + [Basic h= CK, Ki : pi “[PKy 
Strong base) +pK,+ logC : 
(Strong acid + Acidic BS CK, Kr K, ie 2 31PK., 
Weak base) ~pK, —logC ] 

4.CH,COONH, __ Ky eke 
(Weakacid+ | * |) [K, Ba = XK, [PHS glPAw 
Weak base) K, x K, +pK,—pK, ] 


*In the case of salt of weak acid and weak base, nature of 
medium after hydrolysis is decided in the following manner: 
(i) IfK, =K,,the medium will be neutral. 
(ii) IfK, > K,,the medium will be acidic. 
Gii) IfK, <X,, the medium will be basic. 
The degree of hydrolysis of salts of weak acids and weak bases is 
unaffected by dilution because there is no concentration term in 
the expression of degree of hydrolysis. 
[Note: Degree of hydrolysis always increases with increase in 
temperature because at elevated temperature increase in K,, is 
greater as compared to K, and K,.] 


7228388 Q@Some Soiveo Exampces\ $832: : 


: Example 61. Calculate the degree of hydrolysis and OH of 

0.1 M sodium acetate solution. Hydrolysis constant of sodium 

acetate is 5.6x107"”. 

CH,COO™ + H, 
0.10) = A) 


Solution: === CH,COOH+ OH 


(O1x#) (0.1 x A) 


[CH, COOH][OH ] 
[CH,COO™ ] 


i (O.1x A)OLXx hk), 


K, = ‘ ? 
ON (1-h) 


his small (1-4) 1 
5.6x 107° =0.1x hh? 
5.6x 107° 


or h? = = 56x107!° 
0.1 
h=748x10> 
- [OH™ ]= Ch =0.1x 7.48x 10 = 7.48x 10° M 
; ~14 
[ pe a 1 eae a 
[OH] 7.48x10° 

pH =-— log [H* ]=-— log (1.33 x 10°? )=8.88- 


Example 62. When 0.2 M acetic acid is neutralised with 
0.2 M NaOH in 0.5 litre of water the resulting solution is slightly 
alkaline. Calculate the pH of the resulting solution. K, for + 
CH,COOH =1.8x 10°. 
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Solution: 0.2 M acetic acid will form 0.2 @ CH,COONa in 


0.5 litre of water.. Hence; concentration of sodium acetate, 
ee eas 0.1mol L7?. 


- CH,COO" +H,0==CH,COOH+ OT 


CUl-x) Cx Cx 
2 
a ee d=) 
(i-x) TAs 
14 
See xis = 55x10 
Ky. 1.8x10° 
So, -K, =Cx? =5.5x107 
~10° 
or = one = 55x10"! 


or x= Thar: 105 


[OH™ ]= Gc Tan 0.12 74210" M 


(Ht pe ee sero? M~ 
on) (742x10 


pH=— log tt = ~log (1. 3477 x 10 )= 8.87 


i sai 63. Calculate the hydrolysis constant for NH. 4 Cl, 
pi value and [OH™ Jin 0. | MNH,CI solution. 


(K neon = 1.95% 10", K yw E1Xdonl4y . 


~ Solution: We know that, Kye Ke 
- Ky 
~14 
So, o:2 We 5.7% 19° 
1.75x 10° 


Hydrolysis of NH,Cl can be represented as, 
NH, +H,0==NH,OH+ H 


c= o Cx Cx . 
rd 
Thus, . kpe Cx 
(i- x) 
Neglecting ‘x’ in denominator, 
~10 i 4 
pie ho AWN oho wig: 
Cc 0.1 
or x=7.55x10° 


[H* ]=Cx= nr cree Te ay 


pH =- log [H" ]= = log (7.55x 10) = 5.12 
-aq-l4 
Again, [OH™ j= Ke = PO 1.32% 10 
[H*] 7.55x10°% 


ample 64. Calculate the pH at the equivalence point 
when a solution of 0.1M acetic acid is titrated with a solution of 
01M sodium hydroxide. 


K , for acetic acid =1.9x 10° (IT 1990) 


Solution: Concentration of sodium acetate = s = 0.05 M 
as equal volumes of the acid and the base will be used. 

The equilibrium is, 

CH,COO” +H,O== no CHG a + OH 
ca x) Cx 
where, x is the degree of hydrolysis, sa, 
5 Cx? 
* d=3) 
We know that, 
-14 
pone =~ = 5.26x 10" 
K, 19x10" 
So, K,=Cx? as (l-x)—>1 
5.26x 107" = 0.05 x x* 
-10 
or gp SOA aie 
0.05. 
or x=1.025x 10“ 
[OH™ ] =Cx =1.025x 10% x 0.05=5.125x 10° M 
~|4 : 
1: eee =1,95x10 M 
53.125 x 10 
pH = ~ log [H* ]=— log (1.95x 10°’ )=8.71 


‘Example 65. Calculate the amount of ammonium chloride 
required to dissolve ia 500 mL water to have pH = 4.5. (K b fer 


NH ,O8 is 1.8x 10°) 


10° antilog 0.5 
= 3.162x 10° M 
Let C be the concentration of NH, Cl 


NH, + H,O>=NH,OH+ H* 
CU-A Ch . Ch 


If Ais small, then 


Solution: 10° 


(a j=10 


' 14 
K, =Ch? Kye 5x 
¢ K, 1.8107 
Kn Kn _ 
Ch [Hy 
—-10 
= ge hTB9x 10 
3.162 107 
Ch=[H*] 
+ Soe eS «“- 
_ {Ht} _ 3.16210 =1.8mn1 L 


Ah 1.739x 10% 
500 mL of water contains = + = 0.9 mole 


Mass in g = 0.9x 53.5=48.15¢ 


. , Example 66. Calcium lactate is a salt of a weak organic 
acid and represented as Ca(Lac),. A saturated solution of — 


JONIC EQUILIBRIUM 


Ca(Lac), contains 0.13 mole of this salt in 0.50 litre solution. The 
POH of this solution is 5.60. Assuming a complete dissociation of 
salt, calculate-K , of the lactic acid. (IIT 1991) 


Solution: Ca(Lac), = Ca7* + 2Lac™ 
0.13 x2 M 2x2x 0.13 M 
Lac +H,O=— HLac+ OH 
At equilibrium (0.52 ~ x) x x 
2 a 
K, =————— = —— as x is small 
(0.52—x) 0.52 
— [OH- ]=10°* =2.51x 10 =x 
~6 -6 
ele x 2.51x 10 =12.12x 10-2 
0.52 
-14 , 
eee” = 8.26x 1074 
K,  12.12x10°? 


ae .¢ Example 67. _ K, for butyric acid is 2x 10°. Calculate pH 
and hydroxyl ion concentration of 0.2 M aqueous solution of 
sodium butyrate. (IIT 1994) 
Solution: Butyrate ion hydrolysis in solution into -butyric 
acid and OH™ ions. Let x mole of butyrate ion be hydrolysed. 
. -C;H,CO@: i me OH 
O: 2 = x)> x 


os (x being small is neglected 
2 as compared to 0.2) 


So, Kee 


ae = 2249710. pe x=10> mol L! 


[OH ]=10° M 


pH =~ log [10° ]=9 


-- "Example 68,° Calculate the pH of an aqueous solution of 
1.0M ammonium formate . assuming complete dissociation. pK , 
for formic acid = 3.8 and pK, of ammonia =4.8. (IT 195) 

Solution: Ammonium formate is a salt of weak acid and 
weak base. Hence, 


J 1 
H=7+-— pK, -— pK 
Pp P a 3P “b . 
= 7+ (1/2)x 3.8-(1/2)x 4.8 


SPELIo24 
=6.5 
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- Example 69. 4 certain weak acid has K, =1.0x 10%. 
Calculate the equilibrium constant for its reaction with a strong 


base. (IIT 1991) 
Solution: HA + BOH=— BA + H,0 
Weak Strong . 
H4+B* +OH” = B*+A™> +H,0 
or HA+OH™ =—A™ +H,0 
_ 7) 
[HA ][OH ] 
In the above reaction, 
x, ~ HANH} 
[Ao] 
So, =~ s 
: -14 
We know that, K, or ee Fi =j0'° 
K, 1.0x10 
Ia: fugt 
7 rT 10 


Example 70. . Calculate for 0.01 N solution of sodium 
acetate: ; 
(a) Hydrolysis constant, (b) degree of hydrolysis, (c) pH. 


(Given, K, =1.9x10°) (MLNR 1991) 
-14 
Solution: K, = = Sea =5 26x 10°!° 
1.9x 107 
—10 
ho yah = 526x10" = 2.29104 
0.01 


CH,COO” + H,O==CH,COOH+ OH 
: Ch 


[OH ]=C x h=0.01x 2.29x 107% 


=2.29x10° M 
K -14 
[H* ]}=— ape ane =437x10° M 
[OH] 2.29x 10° 


pH = — log [H* ]=— log (4.37x 10°? ) = 8.36 


Example 71. H,CO, ionises as, 
HCO, —H* +HCO;;  K, =4.3x107 
HCO; = H*+CO}; K,=5.6x10"! 
Calculate the degree of hydrolysis and pH value of 0.12 M 
* Na,CO, solution. 
‘Solution: Na,CO, is a salt of strong base and weak acid. 
Thus, co; ion is hydrolysed. 


CO{ +H,O0— HCO; + OH” 
0.12(1 — A) 0.12h 0.12h 


Ky, =h?C 
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or h? Ki _ Kan 
Cc 0.12 
—14 
We know that, K, =<" =A = 10 _ 1.785710 
K, .K, 56x10! 
4 : 
So, jo ROS = ane e104 
0.12 
h=3.85x 107 
[OH ]=CxA=0.12x 3.85x 107 
= 0.462 x 10°? =4.62x 1077 
19714 ; 
[H* ]=———-— = 2.164 x 10°” M 
4.62x 10" 


pH = — log [H* ] = — log (2.164 x 107!” ) = 11.665 


Xample 72. How much must a 0.2 M solution of sodium 

acetate be diluted at 25°C in order to double the degree of 

hydrolysis? 
Solution: 


Let A be the initial degree of hydrolysis 
K, =Ch? =0.2xh? w (i) 
Let the concentration be C, when degree of hydrolysis is 2h. 
K, =C,Qry .. (ii) 
Dividing both the equations, 
0.2x(h*) 
4C, x (Ay 


C, = 92 = 0.05M 


l= 


MV, =M2V, 
0.2V, = 0.05 x V, 
0.2 
¥,=——V, =4V 
Fn Opor or, ee 
The solution be diluted four times. 


Applying, 


ple 73. Calculate change in pH upon ten-fold 
dilution of the following solutici:s: 
(a) 0.1 HCl (6) 0.1 M acetic acid 
K, CH,COOH =1.8x10%, 
Solution: 
in solution. 


(c) 0.1 MNH,Cl 
K,, NH; =1.8x10° 


HCcl=—=H* +cl~ 
[H*]=0.1=10° 
pH =~ log [H” ]=— log (107) = 
[H* ]=0.01=107 M@ 
pH =~ log [H* ]=—log 10 =2 
pH change from | to 2. 


(b) CH,COOH == CH,COO™ + Ht 
{0.1 ~ x) 


_ After dilution, 


Ge COOH is a weak acid) 


2 
~ 51.810 or x? =1.8x10 or x= 1.34107 
pH =—log x = — log (1.34 x 107 ) = 2.87 


(a) HCl is a strong acid. It is completely ionised | 
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After dilution, 


=1.8x 10° orx? =18x 10 orx, =4.24x 107% M 


pH = — log x =— log 4.24 x 107 = 3.37 
pH change from 2.87 to 3.37. 
(c) NH,Clis a salt of weak base and strong acid. 


NH, +H,O=NH,OH+ H* 


(0.1- A) h h 
h? 
otk or h* =0.1xK, 
K “14 & 
poo e le sssx10- 
K, 1.8x10° 


=0.1x 5,55x 107!" 
h=7A45x 10° =[H*] 
pH = — log (7.45 x 10° ) = 5.128 
h? =0.01x K, = 0.01x 5.55x 107! 
h=2.35x10° 
pH=— log 2.35x 10° =5.627 - 
Be change from 5.128 to 5.627. 


After dilution, 


—>—K<_*{{&{____ho 


34. The pH of a solution obtained by mixing 100 mL of 0.2 M@ 
CH,COOH with 100 mL of 0.2 44 NaOH would be: 
(Given: pK, for CH,COOH = 4.74) 


(a) 4.74 (b) 8.87 (c) 9.10 (d) 8.57 
[Ans. (b}] 
[Hint: Concentration of salt formed will be 0.1 47. 


CH,COOH + NaOH == CH,COONa + H,O 
pH = ; [pK,, + pK, + logC] 


= ; [14 + 4.74 -1]= 8.87 ] 
35. The pH of 0.02 MNH,Cl(aq.) (pK; = 4.73) is equal to: 


(a) 3.78 (b) 4.73 (c) 5.48 (d) 7.00 
[Ans.” (c)] 
{Hint: pH == PK, — pK, -logC] 


2) Wa agss 
2 


=; [14 - 4.73 + 1.698] = 5.48 ] 


36. pH of 0.05 M(CH;COO),Ca (pK, = 4.74 )is: 


log 0.02] 


(a) 8.72 (b) 8.87 (c)7 (d) 1.30 
[Ans. (b)] 
(Hint: [CH,COO” ]=2 x 0.05 = 0.1 


1 
PH = > [pK,, + pK, + logC] 


=5[4 + 4.74 + log 0.1] 


37. 


38. 


39. 


40. 


41. 
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=5t4 + 4.74 ~1]= 8.87] 


The degree of hydrolysis of which of the following salt is 
independent of the concentration of salt solution? 


(a) CH,COONa (b) NH,Cl 
(c) CH,COONH, (d) NaCl 
[Ans. (c)] 
[Hint: It is the salt of weak acid and weak base, hence its degree 
of hydrolysis will be independent of concentration. 

eS Sa 

K,XxK, 

The pH of 1 @ PO; (aq.) solution will be: (given pK, of 
PO} = 1.62) 
(a) 1.62 (b) 12.38 (ce) 13.19 (d)7 
[Ans. (c)] 
[Hint: pK, =14-pK, =14 - 1.62 =12.38 


pH=<[ pK, + pK, + logC] 


= ; [14 + 12.38 + 0]=13.19 } 
For the following equilibrium: 
NH, + H,O == NH, + OH” 
calculate the equilibrium constant, if for the equilibrium, 
NH; + H,O == NH,OH + H* 


the equilibrium constant is 5.5 x 107°, 


(a)1.8x10% (b)1.8x 10% (c)1.8x 10° ()1.8x 107 
[Ans. (b)] 
[Hint: K,=K,xK, 


10° =5 5x10 x Ky 
K,=18x 10° ] 


Which of the following expressions is not applicable on the 
hydrolysis equilibrium? [PET (Raj.} 2004| 


CN” + H,O0 == HCN + OH” 
x IK 
KS b) A=.j/—% 
(@) Ki = GND OAK 


(©) pH =< pK, (HCN) 


a [Ky XK 
(d) (H")= Go 
[Ans. (c)] 


[Hint: For the salt = weak acid and strong base: 
pH =51PK, + pK, —logC] - 
The pK, of weak ‘Gl HA is 4.80 and the pK. b ofa Sail base 


_ BOHis 4.78. The pH of an aqueous solution of corresponding 


salt BA will be : ; (ATER.E 2608} 
(a) 9.22 (b) 9.58 (c) 4.79. (d) 7.01 
[Ans, (d)] 


. 1 
[Hint: pH = 3 [pK,, + pK, — pK; ] 


= ; [14 +4.8-4.78]= 7.01] 
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An indicator is a substance which is used to determine the 
end point in a titration. In acid-base titrations, organic 
substances (weak acids or weak bases) are generally used as 
indicators. They change their colour within a certain pH range. 
The colour change and the pH range of some common indicators 
are tabulated below: 


‘Indicator ‘ 

Methyl orange 3.2 -—4.5 Pink to Swellow 
Methyl red 44-65 Red to yellow 
Litmus 5.5 -—7.5 Red to blue 
Phenol red 6.8 — 8.4 Yellow to red 
Phenolphthalein 8 3 ~ 10.5 Colourless to pink 


Theory of acid-base indicators: “Two theories have been 
proposed to explain the change of colour of acid-base indicators 
with change in pH. 

1. Ostwald’s theory: According to this nee 

(a) The colour change is due to ionisation of the acid-base 
indicator. The unionised form has different colour than the 
ionised form. 

(b) The ionisation of the indicator is largely affected in acids 
and bases as it is either a weak acid or a weak base. In case, the 
indicator is a‘weak acid, its ionisation is very much low in acids 
due to common H” ions while it is fairly ionised in alkalies. 
Similarly, if the indicator is a weak base, its ionisation is large in 
acids and low in alkalies due to common OH ions. 

Considering two important indicators phenolphthalein (a 
weak acid) and methyl orange (a weak base), Ostwald’s theory 
can be illustrated as follows: 

Phenolphthalein: It can be represented as HPh. It ionises in 
solution to a small extent as: 

HPh 
Colourless 

Applying law of mass action, 

_ {A }[Ph"] 
{HPh] 


The undissociated molecules - of phenolphthalein are 
colourless while Ph™ ions are pink in colour. In presence of an 
acid, the ionisation of HPh is practically negligible as the 
equilibrium shifts to left hand side due to high concentration of 
H* ions. Thus, the solution would remain colourless. On addition 
of alkali, hydrogen ions are removed by OH” ions in the form of- 
water molecules and the equilibrium shifts to right hand side. 
Thus, the concentration of Ph~ ions increases in solution and 
they impart pink colour to the solution. 

Let us derive Henderson’s equation for an indicator 

Hin +H,O0==HjO+ In™ 
‘Acid form’ “Base form’ 


=<" H* + Pho 
Pink 


Conjugate acid-base pair 


- + 
ancien (K,, = Ionization constant of indicator) 
n , x 


In 
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[Hjo]=K, x 
In” ] 
HIn 
pH = — log jg [H3 0] =— logy [Kin ]— B10 | z ne 
. [In 


pH=pK,,, + logy a (Henderson’s equation for indicator) 
In). 


At equivalence point; 
[in7 ]=[HIn] and pH= pK, 


Methyl orange: It is a very weak base and can be represented 
as MeOH. It is ionised in solution to give Me” and OH ions. 
MeOH == Me* + OH™ 
Yellow Red 
Applying law of mass action, 
[Me™ ][OH™ ] 
_ [MeOH] 


In presence of an acid, OH ions are removed in the form of 
water molecules and the above equilibrium shifts to right hand 
side. Thus, sufficient Me* ions are produced which impart red 
colour to the solution. On addition of alkali, the concentration of 
OH ions increases in the solution and the equilibrium shifts to 
left hand side, i.e., the ionisation of MeOH. is practically 
negligible. Thus, the solution acquires the colour of unionised 

' methyl orange molecules, i.e., yellow. 

This theory also explains the reason why phenolphthalein i is 

not a suitable indicator for titrating a weak base against strong 


K= 


acid. The OH ions furnished by a weak base are not sufficient to - 
shift the equilibrium towards right hand side considerably, i.e.,. 


pH is not reached to 8.3. Thus, the solution does not attain pink 
colour. Similarly, it can be explained why. methyl orange is not a 
suitable indicator for the titration of weak acid with strong base. 
2. Quinonoid theory: According to this theory: 
(a) The acid-base indicators exist in two tautomeric forms 
having different structures. Two forms are in equilibrium. One 
form is termed benzenoid form and the other quinonoid form. 


CH——CH © CH==CH 
Va Wo ee BS 
\cH=—=cit .. CH==CH 


(b) The two forms have different colours. The colour change 
is due to the interconversion of one tautomeric form into other. 


(c) One form mainly exists in acidic medium and the other in . 


alkaline medium. 


Thus, during titration the medium changes from acidic to . 


alkaline or vice-versa. The change in pH converts one tautomeric 
form into other and thus, the colour change occurs. 


KR? 
#Qt 
sa oe 


QKS3 


Phenolphthalein has benzenoid form in acidic medium and 
thus, it is colourless while it has quinonoid form in alkaline 
medium which has pink colour. 

Methyl orange has quinonoid form in acidic solution and 
benzenoid form in alkaline solution. The colour of benzenoid 
form is yellow while that of quinonoid form is red. 


-0s-{7) ne en 


Quinonoid form — Acidic solution (red) 


(@) 
ale 
‘ CH; 
ae ee 
: : CH3° 


‘Selection of suitable indicator or choice of indicator 
The neutralisation reactions are of the following four types: 
(i) Astrong acid versus a strong base. [Fig. 10.1 (a)] 
(ii) Aweak acid versus a strong base. [Fig. 10.1 (b)] 
(ii) A strong acid versus a weak base. [Fig. 10.1 (c)] 
(iv) A weak acid versus a weak base. [Fig. 10.1 (d)] 
In order to. choose a suitable indicator, it is necessary to 


understand the pH changes in the above four types of titrations. 


The change in pH in the vicinity of the equivalence point is most 
important for this purpose. The curve obtained by plotting pH as 
ordinate against the volume of alkali added as abscissa is known 
as neutralisation or titration curve. The titration curves of the 
above four types of neutralisation reactions are shown in Fig. 
10. 1 (a), 10.1 (b), 10. 1 (c) and 10.1 (d). 

Strong acid 


and strong base 42 
11 - WF 
: #10 . * 10 
o 9 » 2 
Ss BF B38 . 
Ss 7 - & 7 ; ae " 
x 6 r 6 Weak acid and 
Gs as strong base 
4 4 : 
3F 3b. 
2 : 2 - 
22.5 25 275 22.5 25 27.5 
mL, of base —» mL of base —> — 
| @) en) 
ie Strong acid é a Weak acid and 
4 4 and weak base - weak base 
0 #10 
“9 » 2 
28 28 
$7 $7 
x6 xz.6 
a5 Bg 
4 AF 
3 3h. 
2 : 2 
22.5 25, 27.5 22.5 25 27.5 
“mL of base —» _ mLof base —» 
(), <: (d) 
Fig. 10.1. 


ap each case 25 mL of the acid (/ 10) has been titrated against 
a standard solution of a base (N/10). Each curve becomes almost 
vertical for some distance [except curve Fig. 10.1 (d)] and then 
bends away again. This region of abrupt change in pH indicates 
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the equivalence point. For a particular titration, the indicator 
should be so selected that it sod its colour within vertical 
distance of the curve. 

(i) Strong acid vs. strong base: pH curve of strong acid 
(say HCI) and’ strong base (say NaOH) is vertical over-almost the 
pH range 4-10. So, the indicators phenolphthalein (pH range 8.3 
to 10.5), methyl red (pH range.4.4—6.5) and methyl orange (pH 
range 3. 2-4.5) are suitable for such a titration. 

(ii) Weak acid vs. strong base: pH curve of weak acid (say 


CH,COOH or. oxalic acid). and- strong base (say NaOH) is 


= _ 
Oot N: 


ic pH valle ——» 


Re A TO. Ow © 


200 300 400° 500. . 
; _ mL of HCl ——> ee. 


Fig. 10.2 


ample 1. Ionisation constant of NH; in water is 
5. 6x 107! at 25°C. The rate constant for reaction of NH{ 4 and 
on. to form NH, and H,O at 25°C is 3.4x10"° litre mol“ 

sec”. Calculate rate constant for proton transfer from water to 


a (IIT 1996) 
ke 
Solution: NH; + H,O= NH; + OH”; k, =3.4x10" 
ky 
NH; + H,O=NH,OH + H*;k, =5.6x 107° 
k K ‘ 
Kee Sm a6) 
ky K acia : 
K acia X K Base =Ky ane (it) 
‘ky 197!4 
34x10 56x10 
kp =6.07x 10° 


= ample 2. K a for the acid ionisation constant of Fe** 
Fe(OH )3* and H* is 6.5x 10°. What is the maximum pH value 


which could be used so that at least 95% of total Fe** ion in 
solution exists free? 
Solution: Fe** +H, a +H 
2+ pyyt > fH *y 
x= e(OH). IIH) _ 100 =65%107% 


[Fe**] 95/100 
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vertical over the approximate pH range 7 to 11. So, 
phenolphthalein is the suitable indicator,for such a titration. 

(ii) Strong acid vs. weak base: pH curve of strong acid 
(say HCl or H,SO, or HNO ) with a weak base (say NH, OH) is 
vertical over the pH range of 4 to 7. So, the indicators methyl red 
and methyl orange are suitable for such a'titration.. 

(iv) Weak acid vs. weak base: pH curve of weak acid and 
weak base indicates that there is no vertical part and hence, no | 
suitable indicator can be used for such a titration.” 

- Titration of soluble carbonate with strong acid. 

pH curve of sodium carbonate with HCI shows two inflection 
poimts (Fig. 10.2). First inflection point (pH = 8.5) indicates 
conversion of carbonate into bicarbonate. 


Na,CO, + HCl» NaHCO, + NaCl 


As the inflection point lies in the pH range 8 to 10, 
phenolphthalein can be used to indicate the above conversion. 
The second inflection point (pH = 4. 3) indicates the following 
reaction: 

NaHCO, + HCl —> NaCl +CO, + H,0 


As the point lies between 3 to 5, Methyl orange can be used. 


Ie 0.12M 
log 0.12=0.91 


eee K, for ascorbie acid (HAsc) is 5x10" os 


Calculate the hydrogen ion concentration and percentage 
hydrolysis in an aqueous solution in which the concentration of 


Ase” ions is 0.02 M. (IT 1997) 
Solution: 
Degree of hydrolysis ‘#’ = Ky 
“Degr yaroly: “VeK 


a 


2 —14 
oS a - = 10% 
~ ¥0.02x5x 10° 


% hydrolysis = 0.01 
pH=5 [pK,, +pKq +logC] 


aes : [14 + (—log 5x 10° }+ log 0.02] 


pH= 8.3 
[Ht ]=5x10°M 
= xample 4. Determine the number of moles of Agi which 
way be dissolved in \ litre of 1M CN™ solution K ‘ for Agl and 


K, for Ax(CN)3. are 12x 1077 M? and 7.1x10'9 M~? 
GH4T 1998) 


respectively, 
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Solution: Agl(s) === Ag* +1" 

Kg =[Ag* JT ]=1.2x 10" 
Ag* +2CN” ==[Ag(CN).}° 
Ks [Ag(CN); ] 

_ [Ag* ICN"? 
K aq K ep X K f 
_[Ag(CN) IIT] 
[CN]? 
= 8.52 x 107 
Let us consider the following equilibrium: 


Agi(s) + 2CN” == =[Ag(CN), ] +1" 
t=0 FT 0 0 
fog 1 = 2x x x 


=7.1x 10 


=1.2x107 x7.1x 10" 


Let ‘x’ moles of AgI be dissolved in CN™ solution. 
Then, 
Agi + 2CN” === Ag(CN); +1" 


K qq = 8.510? = 
(1- 2x) 
1- 2x 
x= 0.49 mole 


: ample 5. Given 
K-=6.2 x10" and Ky 


Calculate concentration of the complex in 1M aqueous 
ammonia. GUT 1998) 


Solation: 


Ag(NH;)3 === Ag* + 2NH;, 


AgCl == Ag* + CI7 
On adding ammonia solution, complex formation takes place. 


Ag’ +2NH, ==[Ag(NH; ),]" @ 
@- y) 1 y 


x = solubility of AgCl in NH, 
y =amount of complex formed 
= + ee 
K,, of AgCl =[Ag” ][CI" ] 


where, 


1.8x107'° =(x- y)xx (i) 


[Ag(NH )2 1” 


K... for equation (i) = 
: | [Ag* ][NH, |” 


: -=— ... Gii) 
62x10" (@-y)l 

On solving equations (ii) and (iii), we get 

y=0.0539M 
‘Example 6. An aqueous solution of aniline of concentra- 
tion 0.24 is prepared. What concentration of sodium hydroxide is 
needed in this solution so that anilinium ion concentration 

remains at\1x 10° M? K, for C,H NH} is 2.410% M. 

- (HT 1996) 


of AgCl is 1.8x107!° at 298K. 
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Solution: C,H,;NH, +H,O0—=C,H,NH; + OH” 
. fy me * 
Thus, | ee [CsHsNH3 [OH] st) 
[C,HsNH) ] 
Also K, for 
14 
C,H;NH, = Ky = - see (ii) 


K, forCsHs;NH; 2.4x10™ 
Since, dissociation of C,;H;NH, occurs in presence of NaOH 
and thus dissociation of C;H;NH, will be suppressed. 
Thus, [OH” ]=?;[CgHsNH, ]=0.24 ; [C,H,;NH} ]=10° 
“14 ~8 - 
Therefore, oe = io" x{OH'] 
2.4.x 107 0.24 


~-l4 - 
[OH ]= 024 X10" 2661 
2.4x10° x10° 


[NaOH] = 0.01 


xample 7. 4 solution contains 0.05 mol litre” 
ions and 0.002 mol litre™' of Ag* 


precipitated by addition of chromate ions, CrO? 


precipitates first? What percentage of this ion remain in the 
solution when the second ion begins to precipitate? 


K, Ag,CrO, =3x10"", — K,, BaCrO, = 1x 10""° 


Solution: CrO7 ion concentration required for precipitation: 


of Ba** 
ions. The metals are to be 


For BaCrO,: 
K,, BaCrO,: 19°! 
[Croy ]= = = 10 = 20x10" ue 
~[Ba*] 008 
For Ag,CrO,: 
K., Ag,CrO, © “12 
[crop j= 2 —B2 Ts _ 3X10 75x 10° M 
[Ag*}? [0.002] 


Ba** will be precipitated first because it requires low 
concentration of Croz. Remaining conc. of Ba** when Ag* 
will start precipitation. 


K, BaCrO -10 
{Ba”* |pemaining = — ee = = 1.33x 10" M 
[Crof] 0.75 107 
_ 133x104 


% of remaining Ba?* xX 100 = 0.26% 


‘os Example 8. Calculate pH change which results when ce 
mL of 0.1. M HNO, is added to each of the following at 25°C 

(a) 1.00 litre of pure water. : 
(6) 1.00 litre of a solution containing acetic acid and sodium 
acetate each of 0.1 M concentration. 


Solution: 
(a) Molarity after dilution = M, 
MV, =M)V, 
0.1x 50=M, x 1050 
M, = 0.00476 


~. Which ion — 
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H = — log (0.00476) = 2,322 
Change in pH of water = 7 — 2.322 = 4.68 
[Salt] 
[Acid] 
0.1 
= 4.7447 + log wi = 4.7447 


(b) pH=pK, + log 


Moles of HNO; added = aig x 50= 5x 10°; it will convert 


sodium acetate to acetic acid. 


a 
pH=4,7447 + log | 24-310" |. 4.70123 
0.1+5x107 


Change in pH = 4.7447 — 4.70123 = 0.043 


Example 9. 4 certain monoprotic acid (weak) serves as 
indicator. Assuming that colour change is seen when 1/3rd of the 
indicator has been converted to ions and that at end point the pH 
of solution is 6, what is the value of pK ,,? 


Solution: HIn =—H* +In~  (lonization equilibrium of 
indicator) 
[In* ] 
H = pK, + lo 
pia=pAi, 810 Ta [Hin] 


6= pK, + 10810 Fe =| (1/ 3rd conversion) 


pK}, = 6.307 


Example 10. What is the minimum pH of a: solution 
0.10 Min Mg** from which Mg(OH), will not precipitate? Ky 
Mg(OH), =1.2x107'' M?. 

Solution: Given that, 


K , Mg(OH), =[Mg** ][OH” }’ 


1.2x 10°" =[0.1OH /? 
[OH” }? =1.2x10° 
[OH™ ]= 1.0954 x 10° M 
pOH = ~ log jg (1.0954 x 10° ) = 4.96 


pH= 14—- 4.96= 9.04 
‘Thus, at 9.04 pH, precipitation will not take place. 
xample 11. What is the pH of 10” mol litre”! 


HCl at 
25 


Solution: (H"J=[H" Jaca +H” Iwater 
=107 +107 =2x10" M 
pH =-—log (2x 107’ )= 6.70 
xample 12. A solution contains 0.1 MCT and 0.001 M 
CrO4. If solid AgNO, is gradually added to this solution, 
which wiil precipitate first, AgCl or Ag,CrO,? Assume that 


697 
the addition causes no change in volume. Given 
K,, AgCl=1.7x10°" M? and K , Ag,CrO, =1.79x10°? M°*. 


What per cent of CI” remains in the solution when Cro; 
starts precipitating? 
Solution: Ag* 


For AgCl: 
Ky, AgCl ra 
[Agt}]="2 gCl _1.7x10 
[cl] 0.1 
For Ag,CrO,: 


ion concentration required for precipitation: 


=1.7x10°M 


K,, Ag,CrO, 
[Croz ] 
[Ag* ]=[1.79x 10° M?]}/ 
=4.23x10°M 


AgCl will precipitate first because it requires low conc. 
of Ag’. 


_ 179x107? 


+972 
[Ag l= [0.001] 


K,, of AgCl 
[Ag*] 
1a7xto? 
~ 4.23x 10 
4.01x 10° 


Remaining conc. of [CI” ]= 


=4.01x10°M 


% Remaining conc. of [Cl” ]= x 100=4 x 107% 


“>s Example 13. 25 mL of 0.1 mol dm™> aqueous pide 
(K 5» = 17x 10° moldm™) is titrated with 0.1 mol dm? 
hydrochloric acid. Calculate the pH initially, at equivalence and 
afier 30cm? hydrochloric acid have been added. 


Solution: For salt of weak base and strong acid: 


1 7 
PH=~ [PK » — pK, -log C] 


pK, =14; pK, =—logy 1.7x 10% = 8.769; C= 0.05 


pH= ; [14 - 8.769+1.30102]=3.27 (pH at equivalence) 


S cc 0.1 M HCI will be considered for pH. 


Mole of HCl remaining = a x5=5x10* 


New molarity = x 1000 = 0.00909 


5x 107 
35 
pH = — log [0.00909] = 2.04 
"Example 14. If very small amount of phenolphthalein is 
added to 0.15 mol litre"! solution of sodium benzoate, what 
Sraction of the indicator will exist in the coloured form? State any 
assumption that you make. 


K,, (Benzoic acid ) = 6.2x 10°, K,, (H,0)= 1x10", 
K , (Phenolphthalein) = 3.16 x 10° 


698 7 G.R.B. PHYSICAL CHEMISTRY FOR COMPETITIONS 


Solution: Forme for pH of salt hydrolysis: 


pH=— 1K, +pK, + log Cl 


= , 14 — log yp 6.2X 10° + log 0.15] 
= 8.6918 

Formula for pH of indicator: 

. [In]. 


H= Ky, +1o 
P= P& ty £10 [Hin] 


2 [In7] 
8.6918 = —log,, (3.16 107!” ) + lo [ 
Bio ¢ ) + log io [Hin] 


0.16=[In7 ]/[HIn] = Fraction of indicator in coloured form. . 
Sos Example 15. How much NH 3 must be added to 0.004 M 
Ag” solution to prevent the precipitation of AgCl when (CT ) 
reaches 0.001 M? K,, for AgCl is 1.8x107'° and K for 
Ag(NH; )3 is 5.9 10°. . 


Solution: 


Ae ley o0or 8x 1077 M 


NH, is added to keep the conc. . of ‘Ag™ below 18x10" 7 M 
to prevent precipitation. _ 
[Ag(NH, ), ]* at above limiting condition 


“= 0.004 - 1.8 10°? ~ 0.004 M 
[Ag(NH; )2]" == Ag" + 2NH; 


_[Ag* INH, 77 
_ [Ag(NH, )2 J" 
s9x108 - [l. 8x 10-7 [NH 
[0.004] 
scaieaniey 
[NH3 |rotat = [NH Tp +[NH3 Icomptexed 


"= 0.036 + 2x 0,004 = 0.044 mol/litre 


Example 16. Calculate the percentage error in hydronium 
_ion concentration made. by ea ionization of water in 10° 
M NaOH. ; 


nel 
Solution: [H; Oo je S108 M 


[Neglecting ionization of water] i 
Consider ionization of water. 


[H,0* ]= y [OH ]=(y+10°) 
[H,0* [OH ]=K,, =10°4 
yl y+ 10° ]=10" 
y? +10° y-10°* =0 


_On solving for y, y=9.9x10° 


at 25°C is 8.35 g litre and 61.8 g litre"! 


10° -9.9x 107 
9.9x10° 


‘Example 17. Determine the silver ion concentration ina 


% error = 


x 100=1% 


(0.2M solution of [Ag(NH;, )> NO. 


. Ag(NH, yr == Ag* + 2NH, 


N. 
gee ET 68x10" 


_ [4g(NA3)3) © . 
Let concentration of Ag* at equilibrium be 'C°M. 
[NES T= =2C M 
_ [Ag* INH, ‘i 
[Ag(NH; )3] 
Cx4C? 
0.2 
C= 0.0015 M@ 
q xaimple 18. The solubility of siver acetate in pure eater 
in an acid solution of 


Solution: 


6.8x10°% = 


pH = 3. Calculate: 
(i) Ky, of silver acetate and 
(ii) dicodlation constant of acetic acid. 
Solution: (1) CH, COOAg (mw) = 167 
a gee) mol / litre = 0.05 M 
167 
K,, = S* = (0.05)? =2.5x 10% M 


(ii) Use expression of salt hydrolysis to calculate K ,. 


mae +pK, + log C] 


g =18x10° 


: eh 19. How many moles of NE; must be added to | 
litre of a 0.1 M AgNO, to reduce Ag* concentration to 
2x 1077 M? 


Ag(NH, ); == Ag* +2NH; 


+ 2 
K dies. = see =6.8x 10° 
- [Ag0VH3)3 1 
[Ag(NH; ), ]” = 0.1 
[Ag* ]=2x 107 
[Ag" JINH,]° 
[Ag(NH; ), |" 
2x 107’[NH; ] 
Ol 
[NH, ]=0.184 @ 
It is the concentration of free.NH3. | 
[NH Trotat = [NH Trree + [NH, Icomplexed 
= 0.184 + 2x 0.1= 0.384 M 


A buffer of pH. 8.50 is prepared from 
0. 02 mole of KCN. The desired volume of buffer solution is to be 1. 


‘Solution: 


K= 


6.8x 10% = 
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litre. How will you make this buffer by using HCI? What is the P 


change after addition of 0.5 x 10™* mole HCI to 100 cm? and same 
amount of NaOH in 100 cm? of buffer? (K, HCN =6.2x 10°) 
oo + HCl — KCl + HCN 


02 — x) 


‘Solution: 


[Salt] 


Hank 
Ee ees Oe aed 


+ log 


8.50=—log (6.2 10°") + logy 


0.02 — x 
x. 
x= 0.01672 


(Buffer is prepared by adding 0.01672 mole of HCI in salt 
KCN.) 


Calculation of pH change when HCl is added: 
Moles of HCl added in 1 litre buffer = 0.5 x 107? 
HCI will convert more salt into acid. 
0.00382 - 0.5x 107° 
0.01672+ 0.5x 10° 
pga 9.4156— 8. 50=0.9156 
Example 21. 


0.02 - | 


8.50= 9.2076 + log 19 | 


pH = 9.2076 + log 19 = 9.4156 


saturated H,S solution to precipitate Pb °*, but not Zn?* from a 
solution in which each ion is present at a concentration of 0.01M? 
(Kj HS =1.1x 10 and K,, ZnS =1.0x 107") 


Solution: : i 
2S SL Oocle— 


K,, ZnS =[Zn 
or 0.01 x [S* ]=1.0x 107! 
or : _ [S?-]=1.0x 1079 


To. start precipitation ot, ZnS, the ee concentration of 
sulphide i ions is 1.0 x 1o° 


Ky H)S= iW [8% ]=1.1x lo 
Lx 10° 
1.0x 107? 
or [H* ]=0.0331M@ 
Thus, the hydrogen ion concentration higher than 0.0331 M 
will reduce the concenitaHOn OF sulphide ions which will not 


allow the precipitation of Zn?* ions as ZnS and under this 
condition only PbS precipitation occurs. 


:; Example 22. The average concentration of SO, in the 
a osphere over a city on a certain day is 10 ppm, when the 


‘or [H* ]? = =1.1x107 


average temperature is 298 K. Given that the solubility of SO, in. 


- water at 298 K is 1.3653 mol litre™' and the pK , of H,SO; is 
1.92, estimate the pH of rain on that day. ~ (IIT.2000) 
Solution: pk, =1.92 
‘K,, =antilog (— 1.92) = 0.012 
_ H),SO, == 2H" + SOF 


1=0. C 0 0 
teg c-Ca 2Co. : ca 


What (H,O*) must be maintained in a ° 


(LIT 2000) 
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_ (HP [soy] 
[H,SO;] 


a 


0.012 = 4 x (1.3653) xa? 
or a =0.117 
[H* ]=2Co = 2x 1.3653 x 0.117= 0.3194 
pH = — log jo (0.3194) = 0.495 


Example 23. 0.16 g of N.H, are dissolved in water and 
the total volume made up to 500 mL. Calculate the percentage of 
NH, that has reacted with water at this dilution. The K, for 
NH, is 4.0x10° M. 


(IT 1998) 
Solution: Concentration of N,H,, 
[N>H4]= 0.16 16, 1000 001M 
Bo *500 
N,H, + H,O=——= NoHs + a 
At equilibrium l-a@ 
K, _4.0x10° 
K, =Ca? ora? Ks 40x10 | age 
Cc 0:01 
or ; a =2x107 
» 2% 


OE eile 24. What will be the resultant pH when 200 mL 
of an aqueous solution of HCl ( pH = 2)is mixed with 300 mL of 
an aqueous solution of NaOH ( pH = 12)? (IIT 1998) 

Solution: pHof HCl=2 . ..[HCI]=10? “@ 


pHof NaOH=12_ -.[NaOH]=107 
HCl + NaOH == 


100 x 107 
=1 


NaCl +H,O 


meq after reaction 0. 


[OH™ after reaction = t 3x03 uw 
: 500 


pOH = — log [OH™ ]= ~log 2x 107° =2.7 
: - pH=14-2.7=11.3 
=. Example 25. 500 mL of 0.2 M aqueous solution of acetic 
acid is mixed with 500 mL of 0.2 M HCI at 25°C. 

(a) Calculate the degree of dissociation of acetic acid i in the 
resulting solution and pH of the solution. 

(b) If 6g of NaOH is added to the above solution, heeriiine 
final pH. Assume there is no change in volume on mixing. K, for . 
acetic acid is 1.75x 10> M. (IT 2002) 

Solution: “ Conc. of HCl and oH COOH after mixing 
"will be 0.1. . 

CH,COOH == CH,COO™ + H* 
t=0 Mis, sO Ol 
t Ol-x 2° x 14x) 
_ [CH,COO7 ][H*]° 
~~ [CH,COOH] 


(from HCl) 


a 


700 G.R.B. PHYSICAL CHEMISTRY FOR COMPETITIONS 


iio? ee OES) 
(0.1- x) 
On approximation, x= 1.75x 10° 
[Ht ]=0.1+x=0.1M 
H = —log [0.1] =1 
-5 
Degree of dissociation of acetic acid = ee =1.75x 10 
(b) Number of moles of NaOH added = < = 015 
CH,COOH + HCl + NaOH === CH,COONa + NaCl + H,O 
t=0 0.1 0.1 0.15 0 0 0 
teq 0.08 0 60 0.05 0 0 
pH= pK, + log Bow 
pte 


=—lo eta —— = 4.757 
g Bo 


\. Example 26. Will the pH of water be same at 4°C and 
25° C? Explain. (ET 2063) 
Solution: We know that, 
K,, =[H" ][OH ] 
At 25°C, [H* ]=[OH ]=1.01x 10’ M 
pH = - logo [H* ]=— logo [10-7 ]=7 
At 4°C, ionization of water will be less than that at 25° C 
at 25°C K,, =[H* ][OH ] will be less than 107'*. Thus, pH 
of water will be more than 7 at 4°C. 
“. Example 27. 0.1 M NaOH is titrated with 0.1 M HA till the 
end point; K, for HA is 5.6x 10°° and degree of hydrolysis is 
less compared to |. Calculate pH of the resulting solution at the 
end point. (INT 2064) 


Solution: Neutralization of HA with NaOH may be given 
as, 


H4 + NaQH-——» Nad + H,O > 


Concentration of salt will be a M, i.e.,0.05 M, since volume 


will be double. pH of the salt after hydrolysis may be calculated 
as, 


pH=— 1K, +pK, + log C] .. (i) 


pK, = [ 
pK, =—log K, =~ log (5.6 10° )= 5.2518 


log C = log 0.05 = — 1.3010 
Substituting the values of pK,,,pX, and log C in eq. (i) we 
get, 


pH= : [14 + 5.2518 —- 1.3010] = 8.9754 
_.-Example 28. 4 solution of acetic acid is 1% ionised. 


Determine the molar concentration of acetic acid. (ionization 
constant for acetic acid = 1.8 x 10:* ) RCKCE (Mains) 2066) 


Solution: CH,COOH=—=CH,COO- + H* 
to C OF a 0 
too: C -Ca Ca Ca 
_[CH,COO7 ][H"] _ Co. x Ca 
[CH,COOH] C-Co. 
2 
_ ca (a = =001) 
l-a 100 
2 
ee pe a 
1- 0.01 
1.8x10° =Cx107 
C=0.18M 


- Example 29. 4 mixture of H,O and solid AgCl shaken to 

obtain saturated solution. The solid is filtered and to 100 mL of 

filtrate, 100 mL of 0.03 M NaBr is added, will a precipitate be 

formed? [CECE (Viains) 2666] 
K,, 4gCl=10", K,, AgBr=5x 10" 

Let solubility of AgCl is ‘S’ 

K,, AgCl= 


Saks 
= J10- =107 


When, 100 mL of both AgCl and NaBr are mixed then, 
concentration of Ag* and Br™ will be: 


100x 10° 


Solution: 


[Ag ]= =0.5x 10°M 


[Br- ]=———_—- = 0.015 M 
200 


Ionic product of AgBr = 0.5% 107 x 0.015 
=7.5x 10° 
-Since, ionic product of AgBr is greater than its solubility 


. product, hence AgBr will be precipitated. 


SUMMARY AND IMPORTANT. PoINTs TO REMEMBER, 


1. Streng and weak iictiewiea?- Electrolytes which 


ionise: almost completely when dissolved in water are termed 


strong electrolytes while those electrolytes which ionise to small 
extent are termed as weak electrolytes. The degree of ionisation 


and electrical conductivity of strong electrolytes have high values 


wt 


_ while weak electrolytes possess small values. NaOH, HCl, 


H,SO,,BaCl,,KCl, etc., are strong electrolytes while — 
NH, OH, CH,;COOH, 22a HEN, etc., are weak 


. electrolytes. 


Degree of i ionisation 


IONIC EQUILIBRIUM 


_ Number of molecules of the electrolyte dissociated into ions 
Total number of molecules of the electrolyte dissolved 
2. Ostwald’s dilution law: A dynamic equilibrium exists 
between ions and unionised molecules of the electrolyte in 


solution and law of mass action can be applied to this equilibrium 
also. Consider a binary electrolyte AB. 


_ = AT +B 
Initial concentration ¢ 0 0 
Conc. at equilibrium C(1 - a) Ca Ca 


_[4* IB] _ Ca x Ca _ Cx 
‘ (=a) 


[AB] C(l-a) 
K is termed ionisation constant. For a weak electrolyte, the 
value of o is very small in pconipeecd to 1. Thus, 1-a > L 


where, & is the degree of dissociation 
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K, is termed solubility product. For a general equation, 
A,B, == xA”* + yBY 
K,=[A”"*} [BY 

Thus, solubility product is defined as the product of 
concentrations of ions raised to a power equal to the number of 
times the ions occur in the equation representing the dissociation 
of the electrolyte at a given temperature when the solution is 
saturated. 


For the precipitation of an electrolyte, it is necessary that the 
ionic product must exceed its solubility product. 


Relationship between solubility and — solubility 
product: Salts like AgI, PbSO,, BaSO,, PbI,, etc., which are 


considered to be insoluble do possess solubility. It is assumed 
that whole of the dissolved-electrolyte is present in the form of 


K=Ca* Or 


= 5A? yB? 


Where, V is the volume containing one mole of electralyi 

The degree of dissociation of a weak electrolyte is 
proportional to the square root of dilution. It increases as V 
increases and approaches to one at high dilution. 


This law holds good for. weak-electrolytes_In the.case-of acids, - 


ionisation constant is represented as K , and in case of bases K ,. 
Polybasic acids -ionise stepwise and each step has its own 
ionisation constant. 


For example, HPO, ionises in three steps: 


Step 1: H,PO, ==H* +H,P0;;. K 
P gt U4 2tU4 TH;PO,] 
Step: H,PO; —=H' +HPo?; x, -L_IBPOs | 
. - [H, PO; ] 
f + 3 
Step WI: HPO? =H" +Poy; °K, =A IPOs] 
w= : : [HPOg 
: K =k, XK, XK; 
Generally, K, >K,>Kj; 


3. Common ion effect: The degree of dissodintien of a 
weak electrolyte is suppressed by the presence of another 
electrolyte (strong) containing a common ion. As a result of 
common ion effect, the concentration of the ion not in common in 
two electrolytes decreases: 

4. Solubility product: In a saturated solution of an 
electrolyte, two equilibria exist in solution. It can be represented 
as: 

AB == AB =AT+B 


Solid Unionised uu, 
(dissolved) Tons 
ATE] 
[AB] 


In saturated solution, the value of [AB] is fixed at a definite 
temperature. 


Thus, - KTAB] =[A*][B7] 


cD 


€ 
= K, (constant) 


_it WlHPOs] ; 


ee x8 ys 


Let ‘S’ mol per litre be solubility of the salt; then 
" K,=[4"* [By VP 


ce (xS. pS) Ae atme oh ene eos Smee e 


=x" (St? 
(a) 1:1 type salts et as AgCl, Agl, BaSO,, PbSO,, etc. _ 
K,=S? or: S=,K, 
‘(b) 1:2 0r2:1 type salts such as is Ag ,CO;, 282204. 


PbI, , CaF, , etc. 
K,=Sx(QS) =48? 
S=3 K, 
4 


(c) 1:3 type salts such as All, , Fe(OH), ; etc. 
ES OS )2 S018 2 as no co te ae 
° S= K, 
27 
The presence of common ion affects the solubility of salt. Let 
C be the concentration of strong electrolyte containing éommon 
ion and new solubility of salt be S’. For an electrolyte, AB, 
S? =K, =S’(S’+C) 
Applications of Solubility Product and Common i ion 
Effect 
(i) Purification of common salt. 
(ii) Salting out of soap. 
(iii) Precipitation of the sulphides of group (II) and avy 
: (iv) Precipitation of the hydroxides of group (III). 


(v) Using excess of precipitating agent in gravimetric 
estimations. . 


(vi) Predicting precipitation in ionic reactions. 
5. Acids and Bases: Three important concepts are: 


(@® Arrhenius concept: All substances which furnish H* 
ions when dissolved in water are called acids while those which _ 
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ionise in water to furnish OH i ions are e called bases. Actually free’ . 


H* ions-do not exist in. water. They combine with water to form 
‘ hydronium ions (H,0* _). The reaction between an acid and a 
base is termed as neutralisation. 


All aqueous solutions. contain both H* and. On ions. 
However; their relative amounts are different in different 
solutions. ; 


' H* >OH™ —solution will be sili 
H* <OH™ —solution will be basic _ 
H* =OH” —-solution will be neutral. 


(ii) Bronsted-Lowry concept: Any molecule, cation of 


anion, which provides proton to any other substance is known as 
an acid and any molecule, cation-or anion, which. can accept - 
proton fom any oities pecavonas is known as base. Conjugate 


. sete of disocuuen: “The. rel 
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ive strength is genseaily 
compared in terms of degree, of dissociation of equimolar 


’ solutions. | 


Strength of acid I a 2 K,, 
Strength ofacid I a, YK,, 


a2 7 
The strength of the base depends upon OH- ion concentration. 
Strength of basel _oj-_ [Ki 
Strength of baseII o 2S Ky, 


sss " Neutralisation: The neutralisation is the interaction of 

* ions furnished by an acid and OH -ions furnished by a base 
or a reaction between acid and base to form salt and water is 
termed neutralisation. 

Salts are regarded as compounds made up of amine and 


. hegative ions. The positive part comes from a base and negative 


Acid = +H" Base 


Base Ht Adid " 


“in a enfants pair, if acid is strong, the base will be weak an 
vice-versa. The substances which possess dual nature are termed 


amphiprotic: such as H, Oand NH,. The acid-base reaction: 


involves two conjugate pairs. 


a ~ Acid, + Base, hee + Base, 


~ Conjugate pair ; 


Conjugate pair - 


This bonnet fails to explain reactions between non-protic 
acids and bases. 

(iii) Lewis concept: A base is defined as a substance which 
can furnish a pair of electrons to form a coordinate bond whereas 
an acid is a substance which can accept a pair of electrons, i.e., 
base is a nucleophile and acid is an electrophile. All Lewis bases 


are Bronsted bases but all Lewis acids are not Bronsted acids. All- - 
simple cations, molecules whose central atom has incomplete 


octet, the molecules in which central atom can expand its valence 
cell and molecules having multiple bonds between atoms of 
different electronegativities can act as Lewis acids. All simple 


anions and molecules having one’ or more lone pairs of electrons 


can act as Lewis bases. 

Arrhenius concept is thost- cols pr explains satisfactorily 
reactions in aqueous solutions. |” 

6. Relative strength of acids and. baits: The extent to 
which. an acid property is given by an acid is a measure of its 
strength. The strength of the. acid solution does not depend on its 
concentration but on the number of ‘Ht i ions present. On dilution, 
as the: number. of H* ions’ ‘ihcreases, the strength of'an acid also 
increases. “At ‘infinite dilution, all acids are almost completely 
ionised and, therefore, tend to be equally strong. The 
concentration of H* ions at all other dilutions of equimolar 
solutions of the acids may not be equal and depends on their 


part comes from an acid. The saltsaré generally crystalline 


— solids. These are classified into the following classes: 


(i) Simple salts: 
are of three types: 

(a) Normal salts are ‘salts paanest by the replacement of all 
replaceable hydrogen atoms at H* ions. Examples are > NaCl, 
KNO;;,CuSO, FeSO, , ete: . as nf tet Sos 

‘(b) Acid salts are fered: ‘a sacomplets Se anuliadon of 
polybasic acids. mous are NaHCO, »NaHSO,,.Na,HPO,, 


The salts formed by neutralisation process 


-etc. 


(c) Basic salts are salts formed by incomplete neutralisation 
of polyacidic. bases. . Examples are: Z0(OH)CL, Me(OH)CI, - 
Fe(OH),.Cl; etc. - ; 

- Gi) Double salts are “the addition compounds formed by 


combination of two or more simple salts. Such salts are stable in 


solid state only. Examples. are FeSO, - (NH, ), 8O,-6H30, 
K,SO, - Al, (SO, );-24H,0, etc: These salts when cissolved i in 
water furnish all the ions present in simple salts... 
(iii), Complex salts are the salts. formed by combitiation of 
simple salts or molecular compounds. ‘These are stable in solid 


- State. On dissolving in water, they furnish at least one complex 


ion. 

Examples are. KFe(CNg, [Cute 14180,, etc. 

(iv) Mixed salts furnish more than one cation or more than 
one anion when dissolved in water. ‘cigiiee are: oe 


ocl 
“so, ete. 


aS _ 
~ “Cl ; 
8. Ionic product of water: Pure: water is a weak 
electrolyte and is very slightly dissociated into hydrogen and 
hydroxy] ions. 
H,O==H* + OH 
_[H" [OH] 
[H,0] 
[H, O] can be taken as constant. 
K[H,0]=[H" [OH ]=K,, 
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“Bee is constant ‘and known as ionic product of water. Its valug 
is Ix 1074. at 25°C. The value. increases with increases cs 


temperature. Since, water is neutral; [He = [OH] | 
tL: ‘J=[OH"]=107. : 
Whien [Ht }>[Or ], the solution i is aoidioe: 


‘Similarly, when [H* ] <{OH I; the solution i is 
Every aqueous solution, whether acidic, ingutrat 


both H*:and OH™ ions: The: product, of their: conic oe is” se 


always 1 x 197! ¢ at 25° e. Af one: increases, the other decreases. 
tas ee - and” [OH joke 7 
. (OH. Mn h ye act) lee eae 
9. | pH. seale: This a been devised d by Sorensen t in ie 


The e hegative I agar 


in-nature. » 


_ ROH }_ OxCh es 


=Ch? . (if his small) 


er a 
: . Hp 


pH= UpK, ~%pK, ~Ylogc . 
1. Summary, pH of mixtures of acids and bases: 


Let ‘y meq of. acid (HA) 2 and £ 2 meq of base (B (OH) be mixed, 


“log [Hr ia 


“7 


oe is on + logit of the cipal of: ee ion 
concentration. 


~ Silty ~pOH== ae ]=log — aa 
. -_ [OH] 
ae pOH= 14 


“Limitations of pH scale: pH values do not give any 
immediate: idea about the relative ‘strengths of the solution. pH’ 
value is zero for {N-solution-of strong:acid: In case of 2 N, 3 N,4 


Se N, ete., solutions, pH values. are negative. ‘A solution of an acid - 
having very low. concentration, say i0°8 N, cannot have pH 8 as as 


shown by pH formula but the actual pH value will be less: than’7. 
10, ‘Hydrolysis: It is the interaction of j ions of a ‘salt. with: 


~ water to give acidic, basic or neutral solution: It is found in the-: « ee ee 
salts of weak acids and strong: bases, in salts.of strong acids and: | * os 
' weak basés and in-salts-of weak acids and weak - bases: The toe 


process of row is actually: the reverse. of neutralisation, 
. __* “Salt + Water Acid + Base rae 


“Te acid is is’ stronger than base, the solution i is. acidic: ead a in case J [s 
base is stronger than acid, the. solution is: alkaline. ‘When both. 


acid and base are either sone: oF weak, the solution i beh generally 7 Sane of weak acid: and. strong’ base. ‘There will be a pH 


Cent after hydrolysis may be baleuletet as:. 
ae 


neutral i in nature. .. ie 


Salt of a strong: acid: and a weak bie: “The. solinians of bs 
such a Salt is acidic in nature. ‘The cation of the salt is Feactive and . 


reacts with water. 
- Bt ho BOK ae : 
cae a 


ee an 


degree of ieirelyie It is denoted.as horx. 
Amount. of salt hydrolysed © 


- Total salt taken 


Let C be the concentration of salt and ‘th be the eee of 
aa 


~” . Case i “Barong acid and: Vetrong base Se” 


_ (a): When x=. y, then:there will be complete neutralisation the 
solution will then be neutral with pH=7. 


(b) When x > y then acid will remain after neutralisation. 
_meq of remaining acid = Ge We: 


acre om teen ae T@=y) yy ; ie A neican ge Sel Se 
Na Val - 4 
x 
oo core acid = N, as ae 


pH=-1 eee 
nae Ba : 


a ‘When y > ‘Xx, ‘then biase will remain ‘after neutralization. 
meq of remaining base.= 9 Te x) , 
; ge x) 
Vv mL 
=). x) 


“Fimb. 


= x) 
OH= —lo i HH = 14- OH 
- po -- oro v i le . P p 


Case i, ‘Strong base: and ‘weak. acid 
‘(a) Ifx= Ys then after complete neutralisation there will be 


+ PK + oe C1 


to oh ee aie : ©) 1x > Y ‘then Weak avid will bei in excess... es 
- The extent to- sahich: hydrolysis proceeds is expressed: ‘as. A. ee ee 


" Weak acid =(x— y) meq” 
: Salt = y meq 
The resultant ‘solition will. be acid buffer; ‘its = pH may be 


me calculated as: a 


[Salt] | 


H= K+ Io pac 
ms pee 8 Taka] 


Conc. should be taken in mol litre7! 


- (or aes iasé = es 7 oS oe a 
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(c) When y> x, then excess of strong base will remain after 
neutralisation. Remaining base = (y — x) meq 


-—Xx 
ny, 22) -for] 
Strong V mL ; 
—x 
pOH= — logig mL 


Case Ill. Strong acid and weak base 

(a) When x= y, there will be salt formation after complete 
neutralisation. Salt of weak base and strong base will undergo 
nydrolysis. pH after hydrolysis may be calculated as: 


l 
pH= = [pK y ~ pK, ~ logy C] 


C = Conc. of salt in mol litre", 


(b) When x> y, then strong ‘acid will remain after 
~ neutralisation, z ae 
_.. Remaining acid =(x— y)meq. 


re 
, = oy 
: =e a . 
=~ oO ny 
Pp. Bie Y ml 


(c) When y>x, then weak base will remain after salt 
formation; the resultant mixture will be, therefore, base buffer. 
plata [Base] 


Remaining base =(y — x) meq 
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Salt =x meq 


Salt and base conc. should be taken in mol litre”. 


Case IV. Weak acid and weak base 

(a) When x= y, there will complete neutralisation forming 
salt of weak acid and weak base. pH after salt hydrolysis may be 
calculated as: 


1 
PH=—~[pK,, + PK, ~ pK, ] 


(b) When x> y, weak acid will remain after neutralisation; 
the mixture of weak acid and salt behaves as acid buffer. 

(c) When y> x, then weak base will remain after salt 
formation; the mixture thus behaves as base buffer. 

12. Acid-base indicators: In acid-base titrations, organic 
substances (weak acids or weak bases) are generally used as 


"Methyl orange ~—-—s pH range 3:2—- 4:5” Pink fo yellow 


_ Methyl red_ _PH range 4.4—6.5  Redto yellow ___ 
Phenolphthalein pH range 8.3-10.5 Colourless to pink 


Two theories have been proposed to explain the change of 
colour of these acid-base indicators. These theories are: _ 


~ (a) Ostwald’s theory ~_(b) Quinonoid theory 


The suitable indicators for the following titrations are: 
(i) Strong acid versus strong base—Phenolphthalein, methyl 
red and methyl orange. ee ee 
(ii) Weak acid versus strong base—Phenolphthalein. 
-» (ii) - Strong: acid-versus-weak-base—Methyl-red and- methyl- 
orange. 


IONIC EQUIUIBRIUN - . 
1. (a) Mention conjugate buss of each of the Agee ic] Match the List-1 with List- II: 
, H,0°, , HaPO,, HSO;, HF, CH,COOH, C,;H,OH, sae Bo Sie eile 1 eee, Y 
HCIO,,NH,;' ved Lied ee Bal Tse aes 


(b) Mention the conjugate acid of cach of the following: (a) sae acid’ “© > .3 (p) PH, 
OH, CH,COO", CI, CO}, H,PO;, CH;NH,, b) Lew a 
CH,COOH, NH; (b) Lewis base (q) [AI(H,0), OH] 
(c) Which of the following behave both as Bronsted acids as 


(c) Conjugate acid (rt) (CH;),B 
well as Bronsted bases? d : 5 if 
H,0, HCO;, H,SO,,H;PO,, HS”, NH, (d) Conjugate base = (s)_-H,0 

ee ang ais? ge 4+ Matrix-Matchaing Proibituns (arr THIT Avgpiteents)): 

Nat Ke a aaa ea ae a aa inc a cl tia a i [A] Match the List-I with Liselt 
(e) Which is stronger base in each of the following pairs? = Lied 

OH’, Cl’; OH”, NH3; OH", CH,COO"; CH,;COO™ CI; = eae 

____._NH;CH,NH, : (a) H,PO, (p) Monobasic 

. (f) . Classify the following into acids and bases according to (b) H;PO;- (q) Dibasic 


Lewis concept: c) HiPO - ‘Tribasi 
s?-, Ht, OH, BR Ni, NB: Aicl,, SnCl,, NH, ee Gy Anbaste 
(CH; ),0 (d) H;BO; - (8) sp?-hybrid state 
2. Predict whether the:. <following’ubstances will give acidic, 
’ basic or neutral solution? 


[B] Match the List-[ with List-II: 


(@)  K,CO, | (ii) NaCl (iii) FeCl, 
(iv) CuSO, (v) ICL (vi) NH,Cl, (2 S Oindleateay oo Rypsscdtttieestion) 
(vii) CH,COONH, (viii) NaCN (ix) NaS (a) Phenolphthalein (p) NaOH + HCI 
(x) _Na,B,0, — (b) Phenol red - (q) H,SO, +NH,OH 
3. [A] Match the Pat with List-II- , (c) Bromo cresol green (r) .CH,COOH + NH,OH 
List. 1 | (4) Methyl orange () KOH + H,S0, 
. Galt) 


[C] Match the acid/base in List-I with their nature in List-II: 


(a) Salt of strong acid snl o! 


‘ (a) HSO; Lewis acid 
(b) Salt of weak acidand (q) : [pK, + pK, + log C] a 4 () . ne 
strong base 2 . (b) BF, (q) Lewis base 
(c) Salt of weak base.and (r) 1 [pk = pk, log C] (c) NH; (t) ‘Bronsted acid 
“strong acid 2 (d) OH7 . (s) Bronsted base 


@) eo cat eae s) 3 pk, [Note:: . Consider the normal behaviour of species.] 
[Dp] igi the Colne, I fe Colurm-I: 
[B] Match the List-I a) List-II: 


Tr ken is - a Column 1 a cee 
Lists 8 se eM ee Balt) Gaia pra) 
- Gandieator) pH range)... ° (a) Zirconium phtaphante’ “© 27 54 
. (a) Phenolphthalein- (p) 4.2-63 (b) Aluminium phosphate (q) 108 5° 
(6) Litmus (q) 3.1-4.4 (c) Calcium phosphate (tr) 6912.57 
.(c) Methyl red (r) 8.3-10.0 


(d) Methyl orange (s) 5.0-8.0 ae! a a oS 
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[E] Match the Column-I with Column-II: 


Galt) (Natare of b 
(a) NH,CN -(p) Only cation hydrolysis 
(b) CH,COONa (q) Only anion hydrolysis 
(c) NaClo, (r) Both cation and anion 


hydrolysis 


(d) Fe(NO;), {s) No hydrolysis 
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[F] Match the Column-I with Column-I: 


~ Columa-t Colunn-I 
(Titration) (indicator used) 
(a) Strong acid versus (p) Methyl orange (3 ~ 4.4) 
strong base 
(b) Weak acid versus strong (q) Methyl red (4.3 — 6.3) 
base 
(c) Strong acid versus weak (r) Phenolphthalein (8-10) 


base 


(d) 


Weak acid versus weak (s) No suitable indicator 
base . 


aa 


Tt 


(a) S$"; 50; HPO{> S07, F-, CH,COO , C,H.0 , 


z. Acidic!” FeCl, , CuS0,, AICI, , NH,C1 


iy 


C10; NH, 
(b) H,O, CH,COOH, HCI, HCO;, H,PO,, CH;NH;, 
CH,COOH;, NH, 
(c) H,0, HCO; , HS” and NH; behave both as acids and bases. 
(d) HI> HCI; H,SO,>H,CO,; H,S > H,0; 
C,H;OH > C,H,OH; Na* > K* 
(e) OH” > Cl; NH; > OH~; OH™ > CH;COO"; 
CH,COO™ > Cl"; CH,NH, > NH; 
(f) Lewis acids: H*, BF,, Ni*, AICI,, SnCl, 
Lewis bases: S7~, OH” , NF,, NH,, (CH, ),O 


easter ame ae Oe 


Calculate the degree of ionisation of 0.1 M acetic acid. The 
dissociation constant of acetic acid is 1.8% 10°. 

[ans. @=1.34x107] 

Calculate the concentration of OH ~ ions of 0.01 44 NH,OH 
solution. The equilibrium constant of NH,OH is 1.8 x 10°. 
fans. 4.24104 mol LY] 

At 15°C, 0.05 N solution of a weak monobasic acid is 3.5% 
ionised. Calculate the ionisation constant of acid. 

fAns, 6125x107] 

0.02 M solution of NH,OH is 3% dissociated. Calculate the 
dissociation constant of NH,OH. 

[Ave 18x 107] 

A solution contains 0.4 44 CH,COOH and 0.2 4 CH,COONa. 
Calculate the concentration of H * ions. The ionisation constant 
of acetic acid is 1.8 10°. 

[4ns. 3.6107 mol LJ 

The dissociation constant of hydrocyanic acid (HCN) is 
4x 10°. Calculate the H* ion concentration of 0.01.44 HCN 
solution. : 

[ 2x10 mol LJ 


Neutral: NaCl, CH,COONH, 


3. [A] @s), 9), (+), (tp) 
[B} (2-1), (b-s), (c-p), (d-@) 
[C] (2-1), (b-p), (€-s). (da) ae 
4. [A] (at), (b-4, 9); (Cp, 8), depp 


[B] (a—p, s), (6-1), (c-q), (dp, s, q) 
[C] (a-t, s), (b-p), (c-q, s), (d-q, s) 
[D] (a4), (b-s), (c-q); (d-p) 

[E] (a-1), (b-), (cs), (d=p) 

[F] (a-p, q: r); (b-1), (c-p, q) (d-s) 


7. The degree of dissociation of a weak electrolyte in 0.1 M aqueous 
solution is 0.0114 at 298 K. Calculate the degree of dissociation 
- of the same electrolyté at 298 K in 0.001 MZ solution. ‘- 
[Ans. 0.114] 
Calculate K, for a dibasic acid if its concentration is 0.05 NV 
and hydrogen ion concentration is 1x 10° mol L?. 
fAns. 2x107°] 
[Hint: Conc.= 0.025 M,{H* ]=2C xa=1x10°, 
ie,0=0.02,K, =4xC* xo] 
K,, for HC,H,0, is 1.8 x 10°. What concentration of the acid 
must be taken so that it is 1% dissociated? 
fAns 0.18 mol LJ 
Calculate the degree of ionisation and hydroxyl ion 
concentration in 0.2 M NH, solution. (K, =1.85x 10° 
at 298 K) 
[Ans. ot = 0,962 x 10, [OH™ ]= 1.924 x 107 M] 
The dissociation constant of acetic acid at 18°C is 1.8 10°. 
Calculate the pH of 0.1 N and 0.001 N solution of acetic acid. 
fans. 2.873, 3.726] 


19. 


12. 


13. 


14. 
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Calculate the approximate pH of 0.1 4 aqueous H,S solution. 
K, and K, for H,S are 1.0 x 107? and-1.3 x x19" respectively 
at 25°C 

[Ans. PH=4] 

[Hint; Second dissociation constant is very small. H* ion 
concentration mainly depends on the first dissociation constant. 


K 
H,S == H" + HS7] 
The pH of a soft drink is 4.4. Calculate [H,O” ] and [OH ] of 
the drink. 
[Ans. 3.9810 mol L™, 2.5 x 107! mol L7] 
Calculate the pH of a 0.001 M solution of Sr(OH), assuming it 
to be completely ionised. 


[Ans, 11.301] 
(Mint; Sr(OH), == Sr** + 20H"; 


~-FOH=}= 2% 8,064 0002-44 


24, 


25. 


26. 


What happens to the pH of 500 mL of a solution that is 0.1 
molar in sodium acetate and 0.1 molar in acetic acid when 10 
mL of 0.1 M sodium hydroxide is added? 


[Ans, pH = 4.7447 and pH will increase] 


What ratio of acetic acid to sodium acetate concentration is 
needed to achieve a buffer whose pH is 5.70? The dissociation 
constant of acetic acid is 1.8 107. 


[ans. 1:9] 


Find the concentration of H*, HCO} and ‘COZ in a 0.01 M@ 


solution of carbonic acid if the pH of the solution is 4.18, 
K, = 445x107, K, =4.69x 10". 


[H* ]= 6.61 x 10° M, [HCO;]= 6.73 x 10° M, 
[CO?" ]=4.78 x10"! mol LY 


[Ans. 


; ay ; [Him 5 = eee HHCOs aa Kio” —_ 
—ooommmnnnnne—Phe-value of Kis 9.55 x10-——at-a-certain- temperate. [H,€0;}— 
Calculate the pH of water at this temperature. a 7 
me P P K, =P _gggxio! 8, 
[Ans, 6.51] ss , 3 [HCO; ] : 
[Hint: K,, =[H" ][OH™], So,[H" ]=yX, ] 


16. 


19. 


20. 


21. 


23, 


. Calculate [H,0* 


9.8 g of H,SO, is present in 500 mL of the solution. Calculate 


the pH of the solution. 
[Ans 9.3979] 


, The pH ofa 0.1 M solution of an organic acid is 4.0, Calculate 


the dissociation constant of the acid. 

[Ans, 11077] 

],[OH” ] and pH of 0.2 M solution of HCN. 
(K, =7.2x 10") 

[Ans, [H,O* ]=1.2 x 10° mol L', [OH”]=8.33x107" mol 
LU! pH = 4.92] 

Calculate pH of 0.002 4 CH,COOH if it is 2.3% ionised at 
this concentration. 

[Ans. 4.34] 


Calculate the pH of the solution obtained by mixing 150 mL 
of 0.2 M HCI and 150 mL of 0.1 M@ NaOH. 


[Ans. 1.30] 

pH of a0.1 M HCN solution is 5.2, What is the value of K, for 
the acid? 

(fans, 397x107] 


. The pH of a solution of B(OH), is 10.6. Calculate the 


solubility and solubility product of hydroxide. 
(Hint: pOH = 3.4, [OH™ ]= 3.98 x 107 mol L! 
Solubility = 4[OH™ }=1.99 x 1074 mol L! 
a 42 _ =e 
Ky =[B* [OH]? = 3.15x10"] 
Calculate the pH of a solution: 


(i) containing 2 g of sodium hydroxide in one litre; 


(ii) made by mixing 50 mL of 0.01 M Ba(OH), so lution with 
50 mL water. 


[Ans. (i) pH = 12.7, (ii) pH = 12) 


27. 


28. 


29. 


30. 


31. 


[H* ]=6.61x 10° M,[H,CO,]=0.01M 
[HCO} ]= 6.73 x 10° M, [COZ ]=4.78 x 107"! mol LD") _ 
What will be the pH value of a solution of 500 mL containing 
5 g acetic acid and 7.2 g of sodium acetate? K, = 1.8 10° at 
25°C. 
[Ans. 4.82] 
The concentration of HCN and NaCN in a solution is 0.01 M@ 


each. Calculate the concentration of hydrogen and hydroxyl 


ions if the dissociation constant of HCN is 7.2 x 107'°. 


(IIT 1991) 
[Ans. [H*]=7.2x107° mM: [OH ]=14x107 M] 
~ [Salt] 
int; pH=1 - log K, = - log[H’ ] 
[Hint: P. 8 racia) 08 Xe og [H" }] 


A buffer solution of pH=9 is to be prepared by mixing 
NH,Cl and NH,OH. Calculate the number of moles of NH,Ct 
that should be added to one litre of 1.0 44 NH,OH solution. 
(K,=18x10°) — (MLNR 1991) 
[Ans. 1.8 mole] ; 
Calculate the amount of (NH, ),SO, which must be added to 
500 mL of 0.200 NH; to yield a solution of pH 9.35. (K, for 
NH; =1.78x 10%) * (MENR 1992) 
[Ans. 10.494 g] 

Calculate the pH of the buffer containing 1.0 mol L! of weak 
acid HA and 0.1 mol L7! of its sodium salt Nad assuming K , 
to be 10°°. (Dhanbad 1993) 
Tans. PH=5] ; 

Calculate XK, for a base whose 0.1 M solution has pH of 10.5. 
[Ans. 10°] ; 

What is the maximum pH of a solution 0.10 Min Mg** trom 
which ates will not precipitate? Given, K ,, [Mg(OH),] 
=1.2x10™.: 


[Ans. PH=9.4] 
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34. 


35. 


A solution of HCI. has a pH = 5. If one mL of it is diluted to 1 
litre, what will be the pH of the resulting solution? 
[Ans. pH = 6.9586] 


3 5 
[Hint: pH = 5, (H*.]=107° M. After dilution = =10°M 
_ [Ht = 108 + 107 
=11x107 
pH = -log[H* ]=—log 1.1x 107 = 6.9586] 


Calculate the pH of the solution obtained by mixing 10 mL of 
0.1 M4 HCI and 40 mL of 0.2 MH,SO,. 


41. 


42. 


G.R.B. PHYSICAL CHEMISTRY FOR COMPETITIONS 


[Ans. 9.45] 
{Hint: — Total volume = 50+ 40+ 10= 100 mL 
Molarity of NH, = 22 *9° ~ 9.25. 
100 
Molarity of NH,Cl =: — = 0.16] 


pK, value of acetic acid is 4.76 at room temperature. How will 
you obtain buffers of 4.40 and 5.40 pH values from acetic acid 
and sodium acetate? 


Acetate 
Ans. = 0.4365 and Aeetate 
lar er 


Calculate the ratio of pH of a solution containing 1 mole of. 


_ Acetate = 4.364] 
Acid 


[Ans. pH = 0.4685] CH,COONa + Imole of HCI per litre and of the other solution 

: , containing | mole of CH,COONa + I mole of CH,COOH per 
(Hint: [H*]= 10x 0.14 40 x 0.4 = 0.34] eae 5 3 3 p 

50 . . : 
36. The degree of dissociation of a weak electrolyte in.0.1 Moo! [Hint: Ist case: CH;COONa + HCl —> CHES OH + NaCl 

: " aqueous solution is 0.0114 at 298°K, Calculate the degree of sr ee 
dissociation of the same electrolyte at 298 K in 0.001 M pH, = ~Jiog K, 
solution. 2 —— 
(Aus. 0.114] 2ndcase: pH, =— log K, + log [Salt] =—logK, 

‘ ay ; ; [Acid] 

(Hint: -O is proportional to pH, _1 

; pH, 2 ‘ ‘ Saeko dw Noe aig bag eo err 5 a sna sg 


37. 


38. 


39, 


40. 


The degree of dissociation of water is 1.8 x 10° at 298 K, 


. Calculate the ionisation constant and ionic paar of water at 
298 K. 


se 


(Hint: ' H,O = H* + OH, [H,0}= —— = $5.56 mol L", 


[H* ]=[OH ]=C xa= Geet oe 


¢ - HE OH] _ ise pa ty oe seseeanG? 
* [HO] 55.56 
=18x 1978 


K,, =[H® [OH ]= (55.56 x 1.8 x 10°? =1x 107] 
One litre of a buffer solution is prepared by dissolving 0.6 
mole of NH, and 0.4 mole of NH,Cl. What is s the pH of the 
solution? For NH,, K, = 1.8x 10°. 
(i) What is the pH of the buffer after addition of 0.1 mole 
of HCI? 


(ii) What is the pH of the buffer after addition of 0.1 mole 
of NaOH? 


‘Ans. 9.4314 (i) 9.2553 (ii) 9.6233] 

One litre of a buffer contains 40 g of NH,Cl and 20 g of NH. 
Calculate the pH of the solution. K,(NH,)=1.8x 10° at 
298 K. 

[Ans. 9.452 ] 

A buffer solution is prepared by mixing 50 mL of 0.5 molar 
ammonia solution, 40 mL of 0.4 molar NH, Cl solution and 10 
mL of distilled water. Calculate the pH of the buffer. 
K,(NH,)=1.8x 107° at 298 K. 


43. 


44, 


45, 


46. 


47. 


48. 


49. 


Calculate the composition of an acidic buffer solution 
(H4 + Na 4) of total molarity 0.29 having pH = 4.4 and 
K, =18x10°. 


[Ans. [Salt] = 0.09 .M; [Acid] = 0.20 M] 
' {Salt] 
t: H =—log K, + | 
(Hint: p og og [Aci A 
=- log K, + log ———— 
Be Ee os a! 


Calculate the pH of a solution obtained by mixing 100 mL of 


an acid of pH = 3 and 400 mL solution of pH =I. 
(Ans. 1.096]. 
The solubility product of AgCl in water is 1.5x 107! 
Calculate its solubility in 0.01 4 NaCl aqueous solution. 

(IT 1995) 
[Ans. 1.510 mol L"'] 
Calculate the pH of a 0.02 M aqueous solution of NH,Cl? 
Given, pKyy,0n = 4.73. 
fAns. _ 3.78] 
Determine the pH value of 0.1 M aqueous solution of 
ammonium cyanide (pK, = 9.04, BES: 4 = 4.73). 
(Ans. 9.15] 
Calculate the pH of a 0. 2 M solution of strychnine 
hydrochloride. (K, = 1x 107 5 
[Ans. 3.8494] 
The dissociation constants of acetic acid and aniline are 


-1.8x 10° and 4.2 107" respectively. What is the degree of 


hydrolysis of aqueous aniline acetate? What is the pH of the 
solution? 


[Ans. 0.5348, pH = 4.684] 


IONIC EQUILIBRIUM 


50. A weak acid H4 after treatment with 12 mL of 0.1 M strong (Hint: CH,O” + H,O == C,H.OH + OH™ 
base has a pH of 5. At the end point, the volume of the same (0.001 ~ 3) x x 
base required is 26.6 mL. Calculate the K, of the acid. K, 2 

- Re aici * = 
as 8219 x 10 | ae a ~ (0.001 - x) 
[sme “Ppplying wee n oe x? 41x 104% -1x 107 = 0,x=2.7 x 10, pOH = 3.57] 
= 26.6 x 01 60. The dissociation constants of m-nitrobenzoic acid and acetic 
= 2.66 meq. acid are 36.0 x 10° and 1.8 x 10° respectively. What are their 
H4 + BOH == BA + HO relative strengths? 
2.66 1.2 0 0 [Ans. 4.47: ]] 
After the reaction 1.46 0 1.2 1.2 61. Calculate the degree of hydrolysis of 0.10 solution of KCN. 
Applying Henderson’s equation, Dissociation constant of HCN= 72x10? at 25°C and 
Salt a —~14 
pH =log HOt px, | K,, = 10x10". 
[Acid] [Ams 1,18 107] 

51. K,, for HCN is 1.4 x 10°. Calculate for 0.01 NKCN solution: 62. An aqueous solution of aniline of concentration 0.24 M is 

(a) degree of hydrolysis prepared. What concentration of sodium hydroxide is needed 

e (b) [OH Jand [CN] 7 _ === in this solution so that anilinium ion concentration remains at 
(c) pH 1x10° M9 es 
[Ans. (a) 2. 67x10 (b) 2.67 x 10+, 9.73 x 103 (c) 10.4265] (K, for CH;NH; =2.4x 10° M) (UIT 1996) 

52. What is the H* ion concentration in ammonium acetate [Ans. 0.01 M] 
solution? . 63. What i is the pH of a 0. 50 M aqueous NaCN solution? pK, of 

Ky =S18x 10° 7K, =1.8x 10% and K,, = 1.0x 104 ENT is 470. GIF 1996) 
[Ans. 1.0x 1077] [Ans. pH =11.5] 

53. A 40 mL sample of 0.1 M solution of nitric acid is added to 20 64. Calculate the pH of an aqueous solution of 1 M ammonium 
mL of 0.3 M aqueous ammonia. What is the pH of the resulting - formate, assuming complete dissociation. 
solution? Given, K , for ammonia = 1.8 x 107°. (pK, = 3.8, pK, = 4.8) (LiT 1995) 
[Ans. 8.95] [Ans. 6.5] 

54. Calculate the pH of 0.1 M solution of NH,OCN. K., for NH; is [Hint: Use; pH = 1 [pK,, — pK, + pK;] 

1.75 x 10° and K,, for HOCN is 3.3 x 10%. oe 
[Ans. 6.36] 65. Calculate the hydrolysis constant of the salt containing NO; 

55. Which of the two solutions 0.1 MHCN (K, = 4 x 107!°)and ions. Given, K, for HNO, = 4.5x 10°. (MENR 1996) 
0.1 M HF (K, =67x 10%) will have greater degree of [Ans. 2,2x10>] 
ionisation and to what extent? . 66. Aniline is an amine that is used to manufacture dyes, It is 
[ Ans. HF will have greater degree of dissociation: isolated as aniline hydrochloride [C,H,;NH;|Cl, a salt of 

o (HF) aniline and HCI. Calculate the pH of 0.233 M solution of 
= 1294] aniline. 
ee K line) = 4.6 x 10°"° 
= ne) = 4.6 x 

56. Calculate the pH of a solution prepared by mixing 100.0 mL of ee amides 
0.4 M HCI with 100.0 mL of 0.4 @ ae Hydrolysis constant [Ames 2204) 

Gfammnontarchiondeis S610" 67. Calculate the pH of a 0.1 M solution of AICI; 1 that dissolves to 
[Ans. pH = 4.96] ca Ra pce Sore ion [AKH,0),}" in solution. 
. =14x 
57. Calculate the per cent hydrolysis in 0.003 M aqueous solution [Ans. 2.92] 
of NaOCN. 8 ‘ Pee: 
2 wae [ Hint: Consider the equilibrium: 
(K, for HOCN =3.33x 1074 M) (LIT 1996) 
(Ams. 0.01%] [AI(H,0),]** + H,0 == H,0° +[AI(H,0),(OH)]”* ] 

58. What is the [OH™] in a 0.01 M solution o t apis 68. Calculate the amount of NH, and NH, CI required to prepare a 
hydrochloride? K,, for aniline is 4.0 x 10° 10 buffer solution of pH, when total concentration of buffering 
[Ans. 2.010" M] reagents is 0.6 mol litre”', pK, for NH, = 4.7, logy) 2 = 0,30. 

[ Hint: CHNH +HO== CHNH, + H,0° ] (PT 1997) 
(0.01-3 ee [Ans. [Salt] = 0.4 M, [Base]= 0.2 4] 
59. Calculate the pH of L.0Ox 10° M sodium phenolate NaOC,Hs. 69. 


K, for C;H,OH is 1x 107°. 
[Ans. pH = 10.43] 


The solubility product of AgCl in water is 1.5 x 10° at 18°C. ~ 


Calculate its solubility at the same temperature. 
[Ans. 1.75 x 10° et ] 
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73. 


74, 


76. 


77. 


78. 


79, 


GARB. PHYSICAL CHEMISTRY FOR COMPETITIONS 


The solubility product of AgBr is 4x10"? and the 
concentration of Ag* ions in it is 1x 10° mol L"!. What is 
concentration of Br” ions? 

jAns. 4x107 molL!] 


- Asample of hard water contains 0.005 mole of CaCl, per litre. 


What is the minimum concentration of Na,SO, which must be 
exceeded for removing calcium ions from this water solution? 
The solubility product of CaSO, is 2.4 x 10°. 
Ans. 48x10 mol L’] 

Solubility of AgCl at 20°C is 1.435x 10° gL! 
the solubility product of AgCl. 

pans. 1x 10°] 

Given, that the solubility product of radium sulphate (RaSO, ) 
is 4 x hice Calculate its solubility in: 


. Calculate 


81. 


fAns. Both the ions will be precipitated as ionic products 
exceed the solubility products of both the sulphides.] 

An acid type indicator, HIn, differs in colour from its 
conjugate base In-. The human eye is sensitive to colour 
differences only when the ratio [In~ ]/[HIn] is greater than 10 
or smaller than 0.1. What should be the minimum change in 
pH of solution to observe a complete colour change? 
(K, =10°) 


(IIT 1997) 
fAns. 2] 
{Hint: For calculation of pH we can use following relation: 
[In™] 
H = pK, + lo 
pri= pA, 8 [Hin] 


(i) pH = 5 + logy, 10=6 
(ii) pH = 5 + log,, 0.1=4 
Thus, minimum pH change will be 2.] 


_b). DOM NaS, 7 (Dhanbad 1992) is 82. A sample of AgCl was treated with 5 mL of 1.5 M Na,CO, 
fAns. (a) 6.32 x 10° mol L7! (b) 4x 19" mol L> Yi solution to give Ag,CO,. The remaining ‘solution contained 
Calculate the solubility of AgCl in 0.20 M AgNO. K, AgCl 0.0026 g CI per litre. Calelae the solubility product of AgCL 
is 1x 10° (Ky Ag,CO,; =8.2x 10") (IIT 1997) 

: -171 10 
fAms. 5x 107! mol L7'] a [Ans. K,, AgCl=1.71x10°] _ 
- The values of K.,, for sparingly soluble 4B and MB, are each ~ Calculate the simultaneous solubility of Ca, and Stk,. K., for_ 
1 -9 F 

equal to 4.0 x 107'8. Which salt is more soluble? the two salts ce x 10" and a x 10" respectively. 
[ANS. Solubility AB =2 10; Solubility MB, =1.0x 10°; fAms. 1.25 x 10 and 8.75 x 10™ J 
MB, is more soluble] 84. The solubility product of Fe(OH), is 1x 10°. What is the 
The solubility of CaSO, at 25°C is 2.036 g L7! and pene of minimum concentration of OH” ions required to precipitate 
dissociation of the saturated solution at this temperature is Fe(OH), from 0.001 M solution of FeCl, ? —. 
52.25%. Compute K,, for CaSOQ,. (Mol. mass of fans. 1x 107'! mol L)] 
on = . - 4% 85. The solubility product of AgCl is 1.5 x 10°'°. Predict whether 
i SEX ° ] ieee : there will be any precipitation by mixing 50 mL of 0.01 M 
The concentration of the Ag ie ina sees solution of NaCl and 50 mL of 0.01 M AgNO; solution. 
Ag,CrO, at 20°C is 15x10 mol L™. Compute the [Ams. Since, ionic product (2.5 x 107) is greater than solubility 
solubility product constant of Ag,CrO, at 20° Cc. product, precipitation will occur.] 
ae 1.7.x 1077} 86. A solution containing 0.1 M Zn?* and 0.01 M Cu** is 

K, AgCl is 2.8 10°? at 25°C. Calculate the solubility of saturated with H,S. The S?~ concentration is 8.1x 107! M 
AgCl in (a) pure water (b) 0.1 Mf AgNO, (c) 0.1 M KCl and Will ZnS or CuS precipitate? 
(d) 0.1 M KNO,. (MENR 1994) KZnS= 30x10 and K,CuS= 80x10 
[Ans (@) 1.673 x10” mol L™ (b) 28x10 mol LY [Ans.  CuS precipitates] 
CC) AEH, tach Ad) No cominon ows preseat, 50 Heats 87. The precipitate of M,S, is obtained on mixing equal volumes 
like water 2.8 x10 mol L] f . : on Ss ; 
A solution is saturated with respect to strontium fluoride and ay ee s; oe [M" ]=4x 10" M and S, having 
strontium carbonate. The fleride ion concentration in the {S*" j= 2x 10™~ M. Calculate its solubility product. 
solution is fourd to be 3.7 x 10 mol L7!. What is the value of fAns. 4 x 10717] 
[coz]? Hint: Let 1 litre of both S; and S, be mixed; then their 
Kg StF) =79x1 07° sand K.. SCO, = 70x 107 concentration in mixture will become half (47, = M V5). 

a Ssp 2TCO3 = 1 
(Ans. 1.2107 mol L7)] . [M* j=2x104M;[ }=1x10% 
mine: Kp S005 _[s = iLeoy : [cos], KMS, =[M* P[S™ f 
F. e “We 
AGE are ae re see oy =[2x 10“ FIL x 107 f =4 «1077 M°] 

Asolution contains 0.01 mol L™' of each Pb?” und Zn?" ions. The 88. 


solution is saturated with H,S when [S?"]is 1.0x 10° moi i. 
Predict which one of the two ions will be precipitated froin the 
solution? K,, PbS = 2.4 x 107” and K,, ZnS = 10x 107’. 


Solubility products (K,, ) of two salts AB and A,C are same 


where, ‘A’ is mono cation and B and C are anions. Calculate 
the ratio of their solubilities. 


Ams. 6K)" 


89. 


IONIC EQUILIBRIUM 


[Hint: Use; K,, AB=x" 


Kp AC =4y'] 
Calculate the pH of a solution having 0.1 M formic acid and 


= —log V/1.75 x 10°! = 6.8785 


pH = 7.1215] 


0.2 M HCl. Also find the concentration of all the anions $2. Ionic product of water (K,,) at two different temperatures 
present in the solution. 25°C and 50°C are 1.08x 10" and 5.474 x 104 
[Ans. pH = 0.6989,[OH” ]=5x 1074] respectively. Assuming AH of any reaction to be independent 
90. Calculate the accurate pH of 5 x 10° M formic acid solution. of temperature, calculate enthalpy of neutralisation of strong 
K,, (HCOOH) = 2x 107. acid with strong base. 
[Ans. pH = 3.043] [Ans. 12.5 kcal] 
[Hint: Use the poe ee seas ati Ky, AH pee : 
[H" ]°+ K,[H’ ]—CK, =0 ; . K,, 2303R\7, 1, 
2 
rt y= Ke * VKa t+ 4CKe _ 9954 10-4 93. The solubility product of Pbl, is 7.47 10° at 15°C and 
2 1.39 x 10° at 25°C. Calculate the molar heat of solution of PbI,. 
(On substitiiting the vatues of C and K;,) [Als 44-318 kyo!) 
= =o oF ms : ; 
pH = — logy [A ] . (Mint: log Kaz . AH [ ae z) 
= — logy [9.05 x 10~*] (Ky): 2.303R\T, Ty ; 
= 3.043] [1.39 x 109] AH ( ie 91 ) 
‘ og ——_—_—___— = um — |} — - —_ 
91. Calculate the accurate pH of 5 x 10°° M pyridine solution. : [7.47x10°]  2.303x 8.314 (288 298 
ee oe _ -9 Bea Mb eAntrar ees ee 2) tigeesiel ce Se St 
K, (pyridine) = 1.5 x 107”. AH = 44318.4 J = 44.318 kJ/mol] 
[Ans. 7.1215] 94. 


bed 


[Hint: Use; [OH ]*=CK, + K, 
[OH ]=5x10°x1.5x10° + 10°" 


= 1.75 x10" 


pOH = —log[OH ] 


Sei—1: Questions with single correct answer 


. A certain weak acid has a dissociation constant of 1x 107*. 


The equilibrium for its reaction with a strong base is: 


(a) 1x10 (b) 1x10 (©) 1x 10" @) 1x 10 
14 
(Hint: K, = oe = = a =1x 19°'° : 
a x 
1 
eq => =1x10") 


K,. = 
AP 

Which one of the following formulae represents Ostwald’s 

dilution law for a binary electrolyte whose degree of 

dissociation is ‘a’ and concentration C’? 


2 
(ee USM (b) K = a" 
o (l-a) 
_(l-a)C A a? 
() K =< ONT aang 


Which of the following is the correct quadratic form of the 
Ostwald’s dilution law equation? jCET Jf | 2609] 


‘OBJECTIVE QUESTIONS 


Given, a solution of acetic acid. How many times of the acid 
concentration, acetate salt should be added to obtain a solution 
with pH =7? 
K,, for dissociation of CH;,COOH = 1.8 x 10°°. 
{[BCECE (Mains) 2007} 


[Ans. 1.799 x 107] 


(a) 07?C +0K —-K =0 (b) «°C -akK -K =0 
(c) o°C-aK +K =0 (d) «°C +0K +K =0 
[tiint: According to Ostwald’s dilution law : 

Co 

l-a 

or Co’ +Ka-K =0] 


- Amonoprotic acid in 1.00 M solution is 0.001% ionised. The 


dissociation constant of acid is: 

(a) 1.0x 107 (b) 1.0x 10° 

(c) 1.0x 10° (d) 1.0x 10°7° 

Formic acid is 4.5% dissociated in a 0.1 N solution at 20°C. 
The ionisation constant of formic acid is: 

(a) 21x10“ (b) 21 

(c) 0.21x 10% (d) 2.1x 10% 

The fraction of total molecules which is ionised in a solution 
of an electrolyte is known as: 

(a) molecular velocity 

(b) order of reaction 

(c) degree of ionisation 

(d) mole fraction of the electrolyte 
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One litre of water contains 10°’ mole of H* ions. Degree of 
ionisation of water is: 


(a) 1.8x 107% (b) 0.8x 10°% 
(c) 3.6x10°% (d) 3.6x 107% 


[Hiieat: Since, 1 litre of water contains 1000/18 mole, degree of 


= 


ionisation = 1077 | 


88. The degree of See in a weak electrolyte increases: 


%. 


180, 


(a) on increasing pressure (b) on decreasing dilution 

(c) on increasing dilution (d) on increasing concentration 
Which of the following is the weakest base? 

(a) NaOH  (b) Ca(OH), 

(c) NH,OH (d) KOH 


. Acetic acid is a weak electrolyte because: 


(a) its molecular mass is high 


in. 


in. 


183. 


184. 


ifs. 


186. 


ify. 


188. 


19. 


2. 


Solubility product of silver bromide 5x 107°. The quantity of 
potassium bromide (molar mass taken as 120 g mol") to be 
added to I litre of 0.05 M solution of silver nitrate to start the 
precipitation of AgBr is : (ALBEE 2076) 


(a) 62x10% g (b) 50x 10 g 

(c) 12x 107! g (d) 12x 10° g 

When equal volumes of the following solutions are mixed, 

precipitation of AgCl (K,, = 1.8x 107° ) will occur pia with: 
[ABLU (PATT) 2909 

(a) 104 M Ag* +104 Mcr 

(b) 10° M Ag* +10° MC 

(c) 10° M Ag* +10° Mw Cl 

(d) 10° M Ag* +10 Mw cr 

Buffering action Le a mixture of CHECOONs on PEE OONE 


oe iia eee 


(c).10.0 


"b) 100.0. 


(@) 1.0 


(d) it does not saieoee much or its ionisation is very small 
When NH, Cl is added to NH,OH solution, the dissociation of 
ammonium hydroxide is reduced. It is due to: 
jPAIT 
(a) common ion effect (b). hydrolysis 
(c) oxidation (d) reduction 
The addition of HCI will not suppress the ionisation of: 
[PRET (XTP) 1993} 
(a) acetic acid (b) sulphuric acid 
(c) H,8 (d) benzoic acid 
H,S in presence of HCI precipitate:s second group radicals but 
not fourth group radicals because: 
(a) HCl activates H,S 
(b) HCl decreases concentration oif sulphide ions 
(c) HCl increases concentration of sulphide ions 
(d) sulphides of IV group are unstable in HCI . 
The solubility product of a salt ABi iis1x 10°. Ina solution, in 
which concentration of 4 is 10° M,, AB will precipitate when 
the concentration of B will be: [PET (RIP) 1998} 
(a) 107M (b) 107M (c)10°M (d)10°M 
The solubility product of Bas, is 1.5x10°. The 
precipitation in a 0.01 M Ba** ions solution will start on 
adding H,SO, of concentration: 


(a) 10° M (b) 107° @ 

(c) 107 M (d) 10° M 

Solubility product of BaCl, is 4 x 10°. Its solubility would 
be: LOGE T (Menioal; 2306} 
(a) 1x 107” (b) 1x10 (c) 1x10 (d) 1x 107 


Which pair will show common ion effeci? [PSET CHP) 1590] 
(a) BaCl, + Ba(NO, ), (b) NaCl + HCl 

(c) NH,OH + NH,Cl (d) AgON+ KCN © 

What is the correct representation o:f solubility product of 
Ag,CrO,? 

(a) [Ag*PICrOz"] 


(c) [2Ag* ][CrOz 


(b) [Ag ][CrOz”] 
(d) [2Ag *P [Cros] 


GRIP} 1993F - 


2% Which hydroxide will have lowest value of solubility product 


at normal temperature (25°C)? - CHET F98G} 


(a) Mg(OH), (b) Ca(OH), 
- (c) Ba(OH), (d) Be(OH), 
The solubility of Al(OH); is ‘Ss? * g mol Pee _ Its solubility = 
product is: 
(a) S? (b) s? () 2784 d) 278° 


2h. 


(c} CaSO, will precipitate 


‘1.6x 10°! 


The solubility products of Al(OH), and Zn(OH), are 
8.5 x 10° and 1.8 x 107'4 at room temperature. If the solution 
contains Al’* and Zn** ions, the ion first precipitated by 


adding NH,OH is: 
(a) Al* (b) Zn** 
(c) both , (d) none of these 


The solubility product of CaSO, is 2.4 x 10°. When 100 mL 
of 0.01 M CaCl, and 100 mL of 0.02 M Na,SO, are mixed, 
then: 

(a) Na,SO, will precipitate (b) both will precipitate 

(d) none will precipitate = 
The solubility of AgCl in a solution of common salt is lower 
than in water. This is due to: 

(a) salt effect (b) lowering of solubility effect 
(c) common ion effect (d) complex formation 
The solubility products of AgCl and Agl are 1.1 x 10° '° and 
° respectively. If AgNO, is added drop by drop to the 
solution containing both chloride and iodide ions, the salt 
precipitated first is: 
(a) Agl 

(c) AgCl 


(b) AgNO, 
(d) both Agi and AgCl 


- Why is pure NaCl precipitated when HCl gas is passed ¥ 


saturated solution of NaCl? 
(a) Impurities dissolve in HCl 


(b) The value of [Na*] and [CI] product becomes smaller 
than K,, of NaCl 


(c) The value of [Na* ]and [Cl ] product becomes higher than 
K,, of NaCl 


(d) HCI dissolves in water 


[PEF CMEP) b9o3 


. On passing a current of HCI gas in saturated solution of NaCl, 


the solubility of NaCl: 


7 


30. 


Ionic EQUILIBRIUM 


(a) increases (b) decreases 

(c) remains unchanged _. (d) NaCl decomposes 

In a saturated solution of electrolytes, the ionic products of 
their concentration are constant at a particular temperature. 
This constant for an electrolyte is known as: 


41. 


Which of the following metal sulphides has maximum 
solubility in water? 


(a) CdS (K,, = 36x10) (0) FeS(K, =11x 10) 
(c) HgS (K,, = 32x10) (d) ZnS (K, = 11x10) 


(a) ionic product (b) ionisation constant 42. The ionisation constant of acetic acid is 1.8x 10°. The 
(c) dissociation constant (d) solubility product concentration at which it will be dissociated to 2%, is: 

31. On addition of ammonium chloride to a solution of NH,OH: (a) 1M (b) 0.045 M (c) 0.018M (d) 0.45M 
(a) dissociation of NH,OH increases 43. The solubility of PbSO, in 0.01 A¢ Na,SO, solution is: 

(b) concentration of OH” decreases (K, for PbSO, = 1.25 x 10”) 
(c) concentration of OH” increases (a) 1.25 1077 mol L* (b) 1.25 x 10° mol L 
(d) concentration of both NHj and OH™ increases (c) 1.25x 107"? mol L? (d) 1.25x 107'8 mol L! 
32. The solubility product of a salt A,B is 4 x 10°. Its solubility 44. The value of K,, for HgCl, is 4x 1 6°! The concentration of 
would be: a - eee) Cl” ion in its aqueous solution at saturation point is: 
(a) 4x10? M (b) 2x 10* M (a) 1x 103 M (b) 4x10 M 
(1x 104M (d) 1x 103 M ot 
__.___33._ If the concentration of CrO?” ions in a saturated solution of © perv a ee 
silver chromate is 2x10“, solubility product of silver 45. Ifthe solubility of PbBr, is ‘S” gram mol per litre, considering ~ 
chromate will be: (PET (MP) 1992] 80% ionisation, its ionic product is: fe as 
(a) 4x 10° (b) 8x 10° (a) 25? (b) 4S? (c) 483 (d) 254 
(c) 16x 107? (d) 32x 107 46. If the solubility of M,N, is‘S’ g mol L', its solubility product 
is: 

34. 50% neutralisation of a solution of formic acid 3 dan cad 5 3 
(K, =2x 10) with NaOH would result in a solution having 47. . oe C. th . = < fA 2 hae _ 2 : Lm 
a hydrogen ion concentration of: pe piel aoe - 82CO; (Kg, = 8x ) wou 

BE” aT Orel “ CORRS (a) 0.05 MNa,CO, (b) 0.05 M AgNO, 

35. The solubility product of BaCl, is 4 x 10°’. Its solubility in (c) pure water (d) 0.05 MNH, 
mol L” would be: 48. The following equilibrium exists in aqueous solution; 
(a) 1x10" (b) 1x10” _ CH,COOH == H* + CH,COO- 
(c) 4x10 (a) 1x10 If dilute HC! is added: 

36. Addition of conc. HCI to saturated BaCl, solution precipitate (a) the equilibrium constant will increase 
BaCl, because: [BHU (Sereening) 2010] (b) the equilibrium constant will decrease 
(a) at constant temperature the product [Ba* ][CI- ? remains (c) acetate ion concentration will increase 

constant in a saturated solution (d) acetate ion concentration will decrease 
(b) ionic product of [Ba’*][CI”] remains constant in a 49. According to Arrhenius concept, base is a substance that: 
saturated solution (a) gives H' ions in solution “or oe 
(c) of common ion effect ; Fic Wis ‘ 
; ; So lathes (b) gives OH ions in solution 
(d) it follows Le-Chatelier’s principle 

37. ‘How many grams of CaC,O, will dissolve in distilled water to (6) aceepe elections 
make one litre of saturated solution? (K,, = 2.5 x 10° and its (d) donates clectrons- a. 
molecular mass is 128) [PMT (MP) 1993] 50. According to Bronsted-Lowry concept an acid is a substance 
(a) 0.6064g (b) 0.0128 g (c) 0.0032g (a) 0.0640 g welt . 

38. On the addition of a solution containing CrO{” ions to the a) Aerep TS PIKE AO yaaives anvelenn dn pair 
solution of Ba?*, Sr** and Ca** ions, the precipitate obtained (c) gives proton (d) combines with H,O° ions 
first will be of: [PEP CMP) 1993] 51. According to Lewis concept, a base is a substance which: 

(a) CaCrO, (b) SrCrO, (a) donates an electron pair (b) accepts an electron pair 
» (c) BaCrO, (d) a mixture of all the three (c) produces hydronium ions (d) combines with OH ~ ions 

39. Ostwald’s dilution law is applicable in the case of the solution 52. The strength of the acid depends on the: 
of: ‘ (a) number of hydrogen atoms present in the molecule 
(a) NaCl (b) NaOH (c) H,SO0, _ (d) CH, COOH (pysoxvocicontent 

40. What will be the solubility of AgCl in a 0.1 Mf NaCl solution? 


(Ky AgCl = 1.20 x 10°") 
(a) 0.1.M@ 
(c) 12x10° M 


{PMT (MP) 1992] 
(b) 1.2x 107 M 
(d) 1.2x10°'° M@ 


53. 


(c) density 
(d) concentration of hydrogen ions furnished by ionisation 
CI ion is the conjugate base of: 


(a) HCl (b) HOC] = (c) HClO, (d) HClO, 
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G.R.B. PHYSICAL CHEMISTRY FOR COMPETITIONS 


Which one of the following is the strongest acid? 
(a) CH,;COOH (b) CH,CICOOH 
(c) CHCL,COOH (d) CCl,COOH 


. Number of H* ions present in 250 mL of lemon juice of pH = 3 


is: 

(a) 1.506 x 10” 

(c) 1.506 x 10° 

(e) 2.008 x 10” 
(Hint: [H*]=10°° M 


[PMT (Kerala) 2008] 
(b) 1.506 x 107 


(d) 3.012 x 107! 


Number of moles of H* ions in 250 mL = “- x 6,023 x 107 


= 1.506 x 107°] 


. Conjugate acid of OH” base is: 


(a) H, (b) H,O (9). Ee () H,0 O° 


60. 


61. 


62. 


63. 


64. 


65. 


66. 


67. 


68. 


69. 


- NH; ion in an aqueous solution will behave as: 


-The compound that is not a Lewis acid is: 


(a) NaF (b) NaCl (c) BF, (d) MgCl, 
Which of the following will qualify as Lewis base? 
(a) BC  (»)CH, ©C,  @ NH, 


(a) a base 

(c) ‘both acid and base 
In the dissociation of bicarbonate ion, the conjugate base 
involved is: 

(a) CO; (b) CO, (c) H,CO, 
Which one of the following is an acidic salt? 
{a) NaHSO, (b) Na,SO, (c) Na,SO, 
The conjugate acid of NH; is: 

() NHj (6) NH,_—(@) NH,OH_ (@) NOH, 

The correct increasing order of strengths of following acids is: 
(a) H,SO,, CH,COOH, H,CO, 

(b) CH,;COOH, H,SO,, H,CO, 

(c) H,CO,, CH,COOH, H,SO, 

(d) CH,COOH, H,CO,;, H,SO, 

The decreasing order of strength of following bases is: 

(a) Cl’,CH,COO",NH;  (b) CH,COO™,NH,, CI" 

(c) CH,COO",CI",NH,  (d) NH,,CH,COO", CI 
Which one of the following does not act as a Bronsted acid? 
(a) NH; (b) HCO; = (c) HSO; (d) CH,COO” 
Of the given anions, the strongest Bronsted base is: 

(a) ClO™ {b) ClO; (c) ClO; (d) ClO; 


(b) an acid 


(d) CO 


(d) Na,SO, 


75. 


(a) BaCl, (b) AIC], — (c) BCI, (d) SnCly 

The dissociation constants of two acids HA, and HA, are 

3.0 x 10°* and 1.8 x 10° 

of the acids will be: 

{a} 1:4 (b) 4:1 

In the acid-base relation; 
HCl + CH,COOH == Cl + CH,COOH3, 

the conjugate acid of acetic acid is: 

{a) Cl (b) HCl 

(c) CH,;COOH; (d) H,0° 


respectively. The relative strengths 


(c) 1:16 (@) 16:1 


70. 


71. 


72. 


74, 


. ‘At 90°C, pure water has [H,0* 


77. 


78. 
79, 


St. 


The numerical value of negative power to which 10 must be 
raised in order to express hydrogen ion concentration, is equal to: 
(a) strength of the solution 

(b) pH of the solution 

({c) degree of hydrolysis 

(d) solubility product of the electrolyte 

Which one of the following solutions will have pH close to 
unity ? {WIT 1992; PMT(Kerala) 2008} 
(a) 100 mL of M/10 HCl + 100 mL of M/10 NaOH 

(b) 55 mL of M/10 HCl + 45 mL of 4/10 NaOH 

(c) 10 mL of M/10 HCl + 90 mL of M/10 NaOH 

(d) 75 mL of M/5 HCl + 25 mL of M/5 NaOH 

(e) 50 mL of M/5 HCI + 50 mL of M/5 NaOH 

(Hint: MV, 


mix “mix = Myo Yaa + Myson Vneon 


1 
5 


{H* ]=0.2M 
pH = — log 0.2 = 0.7 = close to unity] 
0.1 M acetic acid solution is titrated against 0.1 M@ NaOH 
solution. What would be the difference in pH between 1/4 and 
3/4 stages of neutralisation of acid? ~~ ~~ 
{a) 2 log 3/4 (b) 2log 1/4 (c) log 1/3 (d) 2 log 3 
The pK, of acetylsalicylic acid (aspirin) is 3.5. The pH of 
gastric juice in human stomach is about 2-3 and the pH in the 
small intestine is about 8. Aspirin will be: 
{a) unionised in the small intestine and in the stomach — 
(b) completely ionised in the small intestine and in the 
stomach 
(c) ionised in the stomach and almost unionised in the small 
intestine 
(d) ionised in the small intestine and almost unionised in the 
stomach 
When 10 mole of a monobasic strong acid is dissolved in one 
litre of solvent, the pH of the solution is: 
(a) 6 (b) 7 
(c) less than 6 (d) more than 7 
When pH of a solution is 2, the hydrogen ion concentration in 
mol litre’ is 
(a) 1x10 (by 1x10? (cc) 1x 107 
1=10.° 


(d) 1x 10% 
mol litre7', The value 
of K,, at 90°Cis: (MLNR 1990) 
(a) 10° (b) 10 @i10% (d) 10° 
The PH of 10-* molar solution of HCI in water is: 

(CPMT 1990; MLNR 1992) 
(a) 8 (b) -8 
(c) between 7 and 8 (d) between 6 and 7 
When pH of 0.001 M solution of HCI is: 


(a) 1.0 (b) 3 (c) 4.0 (d) 5.0 
The pH of a solution containing 0.1 N NaOH solution is: 
(a) 1 (b) 107! (c) 13 (d) 10°? 


When 0.4 g of NaOH is dissolved in one litre of solution, the 
pH of the solution is: 


(a) 12 (b) 2 (c) 6 (d) 10 


81. 


82. 


83. 


IONIC EQUILIBRIUM 


The pH of an aqueous solution of a 0.1 M solution of a weak 
monoprotic acid which is 1% ionised is: 

(a) 1 (b) 2 (c) 3 (d) 11 

The pH of a 0.002 N acetic acid solution if it is 2.3% ionised at 
this dilution is: (log 4.6 = 0.6628) 

(a) 4.3372 = (b)-0.4337_— (c) 3.4337 —s (d): 0.6628 

0.1 M@ HCl and 0.1 44 H,SO, each of volume 2 mL are mixed 
and the volume is made up to 6 mL by adding 2 mL of 0.01 NV 
NaCl solution. The pH of the resulting mixture is: 

(a) 1.17 (b) 1.0 

(c) 0.3 (d) log 2-log3 

[Hint: Number of millimoles of H* = 01x 2+ 01x2x2= 0.6 


Concentration of [H* ]= - =0.1M 


pH =-—log [H™ ] 


fo el 84._The. pH_and pOH.of 0.1.M aqueous solution of HNO, are: 


85. 


86. 


87. 


88. 


89. 


90. 


91. 


93. 


94. 


=—log 0.L= 1} 


95. 


96. 


97. 


15 


When a buffer solution of CH,COOH and CH;COONa is 
diluted with water: 


(a) CH,COO™ ion concentration increases 

(b) [H’ Jion concentration increases 

(c) OH ion concentration increases 

(d) H* ion concentration does not change 

In a buffer solution consisting of a weak acid and its salt, the 
ratio of concentration of salt to acid is increased tenfold; then 
the pH of the solution will: 

(a) increase by one (b) increase tenfold 

(c) decrease by one (d) decrease tenfold 

Acetic acid and propionic acid have K,, values 1.75 x 10° and 
1.3x 10° respectively at a certain temperature. An equimolar 
solution of a mixture of the two acids is partially neutralised 
by NaOH. How is the ratio of the contents of acetate and 


: = ieeaees 


(a) 0, 14 (b) 14,0 (c) 13,1 (d) 1, 13 

The pH of a neutral solution at 50°C is: (K,, = 1071376 at 
50°C) 
(a) 7 (b) 6.0 


(c) 7. = (d) 6. - 


approximately: 

(a) 0.005 (b) 1 (c) 0.1 (d) 2.0 

20 mL of 0.1 N HCl is mixed with 20 mL of 0.1 N KOH 
solution; the pH of the solution will be: 

(a) 0 (b) 2 (c) 7 (d) 9 

When the pH changes from 4 to 2, the hydrogen ion 
concentration will increase by a factor: 

(a) 2 (b) 1/2 (c) 10? (d) 10°5 

100 mL of 0.2 N HC] is added to 100 mL of 0.18 N NaOH and 
the whole volume is made one litre. The pH of the resulting 
solution is: 

(a) 1 (b) 2 (c) 3 {d) 4 

10 mL of 0.1 N HCI is added to 990 mL solution of NaCl. The 
pH of the resulting solution is: 

(a) zero (b) 3 (c) 7 (d) 10 

Solutions with reserve acidity and alkalinity are called: 

(a) isohydric solutions (b) true solutions 

(c) normal solutions (d) buffer solutions 


- A solution which is resistant to changes of pH on dilution, or 


addition of small amounts of an acid or a base is known as: 
(a) buffer solution (b) true solution 

(c) isohydric solution (d) ideal solution 

Which of the following is a buffer solution? 

(a) CH,COOH + CH,COONa 

(b) NaCl + NaOH 

(c) HCl + NH,Cl 

(d) CH,COOH + HCl 

The hydrogen ion concentration of a buffer solution consisting 
of a weak acid and its sodium salt is given by: 


_z [Acid] teh 
(a) [H']=K, [Salt (b) [H*]=K, [Salt] 
; _y [Salt] 
(c) [H*]= K, [Acid] (d) [H*]=K, TAcid] 


98. 


99. 


100. 


101. 


102. 


103. 


a | 1.75 
@) BE se 


fractions of the acids 
(b) The ratio is unrelated to the K,, values 
{c) The ratio is unrelated to the molarity 
(d) The ratio is unrelated to the pH of the solution - 


A weak acid of dissociation constant 10° is being titrated with 
aqueous NaOH solution. The pH at the point of one-third 
neutralisation of the acid will be: [JEE (WB) 2010] 
(a) 5+ log 2-log3 (b) 5—log2 

(c) 5-log3 (d) 5—log6 

(Hint: pk, =-logl0™ =5 


pH=pxk,+ 


1/3 
= 5+ log—— = 5—log2 
855 tee! 


Which of the following salts when dissolved in water will _ 
hydrolyse? ; 

(a) NaCl (b) KCl (c) NH,Cl  (d) Na,SO, 

The aqueous solution of AICI, is acidic due to: 

(a) cation hydrolysis 

(b) anion hydrolysis 

(c) hydrolysis of both the ions 

(d) dissociation 

A certain buffer solution contains equal concentration of X ~ 
and Hy.The K, for X ~ is 10°'°. The pH of the buffer is: 


(a) 4 (b) 7 (c) 10 (d) 14 

An acidic buffer solution can be prepared by mixing the 
solutions of: 

(a) sodium acetate and acetic acid 

(b) ammonium chloride and ammonium hydroxide 

(c) sulphuric acid and sodium hydroxide 

(d) sodium chloride and sodium hydroxide 

The compound whose aqueous solution has highest pH, is: 

(a) NaCl (b) NH,Ci 

(c) CH,COONH, (d) Na,CO, 
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104. 


105. 


106. 


The compound whose 0.1 M solution basic, is: 

(a) ammonium chloride (b) ammonium acetate 

{c) ammonium sulphate (d) sodium acetate 

Aqueous solution of copper sulphate: 

(a) turns blue litmus red 

(b) turns red litmus blue 

(c) does not affect litmus 

(d) affects both red and blue litmus 

When an equivalent of a strong acid is added to one equivalent 


118. 


119. 
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(c) K, will increase 
(d) Percentage ionisation will increase 
Which one of the following indicators works in the pH range 
8 - 9.8? 
(a) Litmus (b) Phenolphthalein 
(c) Methyl red (d) Methyl orange 
What is [OH ]in the final solution prepared by mixing 20 mL 
of 0.05 M HCl with 30 mL of 0.10 4 Ba(OH),? 
jCBSk (PMT) 2669] 


110. 


iil. 


112. 


113. 


114, 


115, 


116. 


117. 


the fact that: 

(a) it is a coloured compound 

(b) it ionises to give coloured ions 

(c) it is decomposed by alkali 

(d) it forms a complex compound with alkali 

Which is the best choice for weak base-strong acid titration ? 
[FEE (Orissa) 2008] 


(a) Methyl red (b) Litmus 

(c) Phenol red (d) Phenolphthalein 
Water is: 

(a) a base (b) an acid 


(c) non-electrolyte (d) an amphiprotic molecule 
An aqueous solution, whose pH is zero, is: 
{a) alkaline (b) neutral 
(c) acidic (d) amphoteric 
0.1 N solution of Na,CO, is being titrated with 0.1 NHC. The 
best indicator to be used is: 
(a) potassium ferricyanide (b) phenolphthalein 
(c) methyl red (d) litmus 
In the reaction, AIC], + CI” = AICI, AICI, can be classified 
as: 
(a) abase (b) an acid 
(c). a salt {d) none of these 
Sulphuric acid is a dibasic acid. Hence, it forms: 
(a) acidic salt (b) basic and acidic salt 
(c) acidic and normal salt _(d) double salt 
The buffer solutions play an important role in: 
(a) increasing the pH value (b) decreasing the pH value 
(c) keeping the pH constant (d) none of these 
Which of the following will occur if 1.0 M solution of a weak 
acid is diluted to 0.01 M at constant temperature? 
(ATEMS 1993) 
(a) [H *] will decrease to 0.01 M 
(b) pH will decrease by 2 units 


120. 


121. 


122. 


(a) HA 


123. 


124. 


125. 


126. 


of a weak base, the resulting solution will be: (a) 0.12 M (b) 0.10 M 

(a) neutral (b) acidic (c) 0.40 M@ (d) 0.005 M 

(c) alkaline (d) coloured [Hint : »,, = MV’ _ 9.0520 _ 19-3 mn ‘si 

107. Indicators used in acid-base titrations are: 1000 1000 

{a) strong organic acids Moyy~ = 2% Mea(oH, 

(b) strong organic bases MV 01x30 
: (c) weak organic acids or weak organic bases = Lb Serer O00 = 6x10" mol 

ee (Qe elecaiytae a 

i 108. For the titration between oxalic acid and sodium hydroxide, SERMBINE MOMS 0 er aga ition 
: the indicator used is: . = 6x ae -10 . Ra. Gc: 
i (a) potassium permanganate (b) phenolphthalein =5x10™ mol : 
4 + a s 
7 (c) litmus __ @) methyl orange Cone. of [OH ]= "28 x 1000 = 2217 >» 1900 = 0140) 
s 109. Phenolphthalein gives a pink colour in alkaline medium due to V 5 


The following reaction is known to occur in the human body; 
CO, + H,O=—= H,CO, == H’ + HCO, 

If CO, escapes from the system: 

(a) pH will decrease 

(b) H* ion concentration will decrease 

(c) H,CO, concentration will be unaltered 

(d) the forward reaction will be promoted 

The pH of human blood is about: 

(a) 5.2 (b) 6.3 (c) 7.4 (d) 8.3 

The dissociation constants of acids HA, HB, HC and HD are 

2.6x 10°, 5.3x 10°, 1.1x 107 and 7.5 x 10° respectively. 

The weakest acid amongst these acids is: 

{b) HB (c) HC (d) HD 

The addition of sodium carbonate in pure water causes: 

(a) an increase in the hydrogen ion concentration 

(b) a decrease in hydroxyl ion concentration 

(c) no change in pH 

(d) an increase in pH 

The best indicator for titrating HCl against NH,OH is: 

(a) litmus (b) phenolphthalein 

(c) phenol red (d) methy! orange 

A buffer solution is used in: 

(a) preparation of potash alum 

(b) the removal of PO” ions 

(c) increasing the pH value of a solution 

(d) precipitation of Cr(OH), from CrCl, : 

A certain weak acid has a dissociation constant of 1.0 x 107, 

The equilibrium constant for its reaction with a strong base is: 

(a) 1.0x 10 (b) 1.0x 107? 

(c) 1.0x 10° (d) 1.0x10°74 — 

[ Hint: HA + BOH === BA + H,O. The equilibrium constt. 

=1/K,andK,=K,,/K,] 


127. 


128. 


» 129, 


130. 


— L@ 33 
131. 


132. 


133. 
" will be: (given aantilog 0.18=1.5) - 


134. 
135. 


136, 


* (a) 6.07 10° gs). 


IONIC EQUILIBRIUM 


Which one of the following statements is correct? 
(a) CH,COOH is a weak acid ~ 
(b) NH,Cl gives an alkaline solution in water 
(c) CH,COONa gives an acidic solution in water 
(d) NH,OH is a strong base 
In the hydrolytic equilibrium A~ + H,O>—= HA + OH” 
K, =10~x 10°. The degree of hydrolysis of 0.001 4 solution 
of the salt is: 
(a) 10° ~—_(b) 10% (ce) 10° (d) 107° 
The pH of an aqueous solution of 0.1 M solution of the salt of a 
weak base (K, = 1.0x 10°) and a strong acid is: 
(a) 4.5 (b) 5.0. (c) 5.5. (d) 6.0 
[Hint: First eslcuile degree of hydrolysis; 
a’C = K,,K, =(K, /Ks); [H']=0c] 
The pH of the solution obtained by mixing equal volumes of 
solution of pH = 5 and pH = 3 of the same electrolyte is: 


eh 2 Oe 
(Hint: = oe ~T00xT +10" =50.5 x 107] 
pK, values of four acids are given below at 25°C. The 
strongest acid is: [PMT (MP) 1990) 
(a) 2.0 = (b) 2.5 {c) 3.0 (d) 4.0 


_The‘ionisation constant of NHj.in water is.5.6.x 107° at25°C. 


The rate constant of the reaction of NH; and OH™ to form 
NH, and H,O at 25°C is 3.4x 10° L mols. The rate 
constant for proton transfer from water to NH; is: 

(b) 6.07 re" 

(c) 6.07x 10° s7 (d) 6. 07x 10° 5 

The pH of a Soft drink is 3.82. The hydrogen ion concentration 
[PET (MP) 1990] 
(a) 1.96 107 mol lit —(b) 1.96 x 10° mol lit! 

(c) 1.5.x 10 mol tit! (d) 1.5.x 107 mol lit! 

100 mL of 0.1 44 HCl is mixed with 100 ml eto: 61 M HCI. 

The pH of the resulting solution is: 

(a) 2.0 - (b) 1.0 | 

(c) 1.26 (d) none of these 

How. many times has a solution of pH 2 higher aig than a 
solution of pH 6? 

(a) 10,000 (b) 12 

(c) 400 (d) 4 

For a concentrated solution of a weak ‘electrolyte 4,B, of 


" concentration ‘C’, the degree of dissociation ‘o.’ is given as: 


[PET (Kerala) 2008] 
CK. 
(aja = fKe,/Cx +y) (b)a = j-——* 
x+y 
K 
: (c)a = —_ ot 
Sed Sate dae ce a 8 
K K 
(d) a = : (a =—t 
Cry cy 
[Hint: 4,3, = x4" + yB* 
to Cc 0 0 


beg. C-a@) xCa  yCa. 


_ «Cay (yCay 
@  C (l- a) 

_ Cay (pCa) 

. C 


Vxty 
a=| | 
Crt xy 


“(l-a)=1 


. The following equilibrium is established when hydrogen 


chloride is dissolved in acetic acid; 
HCl + CH,COOH == CI” + CH,COOH? 
The set that characterises the conjugate acid-base pairs is: 
CIT 1992) 
(a) (HCI, CH;COOH) and (CH,COOH;, Cl) 
(b) (HCI, HC,COOH;) and (CH,COOH, CI ) 
(c) (CH,COOH; , HCl) and (CI , CH,COOH) 


(d) (HCI, Cl” )and (CH,COOH, , CH,COOH) 
. The pH ofa 10° Mf NaOH solution is: 


- solution is: 


(c) 0.10 M NaHCO, 
. In the titration of NH,OH with HCl, the indicator which—- 


iPMT (Uttarakhand) 2006} 


(a) 10 (b) 7.01 (c) 6.99 (d) 4 


. Which of the following is strongest Lewis base? 


(a2) CH, = (0) Ag® (©) NH; ~—s @) H 


. If the solubility of lithium sodium hegecubts aluminate, 


Li,Na, (AIF, ), is‘S’ mol L", its solubility product is equal to: 
(CPMT 1992) 
(d) 29165° 


(a) 58 (b) 128° (e) 1883 


. Given that the dissociation constant for water is — 


K,,=1x10" mol? L*. The pH of a 0.001 molar KOH 
(MLNR 1991) 


(a) 10°! (b) 107 (c) 3 (d) il 


. Which one of the following solutions will have the highest pH © 


value?. 7 {CPMT 1992) 
(a) 0.01.4 NaOH (b) 0.02 44 CH,COONa 
(d) 0.10 4 H,SO, 


cannot be used is: 
(a) phenolphthalein 


_*(b) methyl orange 


(c) methyl red 


as {d) both methy! orange and methyl! red 3 

. PH of the buffer containing 0.6 g of acetic acid and 8.2 g of 
“sodium acetate in | litre of water is: (pK, of acetic acid = 4.5) 

(a) 7.5 (b) 4.5 (c) 5.5 (d) 6.5 


At 25°C, the dissociation constants of CH,COOH and NH,OH 
in aqueous solution are almost the same. The pH of a solution 
of 0.01 N CH,;COOHis 4.0 at 25°C. The pH of 0.01 NNH,OH 


solution at the same temperature would be: (hiD P99) 
{a) 3.0 {b) 4.0 
(c) 10.0 (d) 10.5 


(Hint: [H* ]in CH,COOH soln. = 10™*; 
Similarly [OH™ Jin NH,OH soln. = 1674; 


. 4 
So, [H*]J=——"- = =10°] 


& 


ee 


146. 


147. 


148. 


149, 
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The dissociation constant of acetic acid is 1.8 x 10° and that 
of ammonium hydroxide is also 1.8 x 10 at 25°C. Hence, an 
aqueous solution of ammonium acetate is: 

(a) acidic (b) basic 

(c) neutral (d) slightly acidic 

The concentration of OH ions in neutral solution is: 

(a) 1x 107" g ions/litre (b) 1x 10" g ions/litre 


(c) 1x 10’ g ions/litre (d) 1x 10°’ g ions/litre 


10°° M NaOH is diluted by 100 times. The pH of diluted base 
is: [PMT (Pb.) 1993] 
(a) between 6 and 7 (b) between 10 and 11 
(c) between 7 and 8 (d) between 5 and 6 
Ionic dissociation of acetic acid is represented as: 

CH,COOH + H,O== CH,COO + H,0* 
According to Lowry and Bronsted, the reaction possesses: 


[CEE-Bihar} 1992} 


160. Asemi-normal solution of sodium acetate in water has [Ho |: 


161. 


162. 


163. 


164. 


(a) less than 10’ M (b) greater than 107M 


(c) equal to 107M (d) none of these 

The most important buffer in the blood consists of: 

(a) HCl and Cl” (b) H,CO, and HCO; 

(c) H,CO, and Cl” (d) HCl and HCO; 

The pH of a buffer solution containing 25 mL of 1 M 


CH,COONa and 25 mL of 1 M CH,COOH will be appreciably 
affected by 5 mL of: 

(a) 1M CH,COOH (b) 5M HCl 

(c) 5M CH,COOH (d) 1 MNH,OH 

50 mL of 2 N acetic acid mixed with 10 mL of 1 N sodium 
acetate solution will have an approximate pH: 

(a) 7 (b) 6 (c) 5 (d) 4 

The solution of which salt in water is acidic? 


mah SE AT OE RT TRE LE RAEN IER GI EAT SEE OE SG EE Rig RARE SSL A TERRES LL SESE 


150. 


151. 


756 
20. 


157. 


158. 


159. 


(a)—an-acid-and three bases ——_(b)_two-acids-and two bases 
(c) an acid and a base ° (d) three acids and a base 
The concept of an acid as an acceptor of a pair of electrons was 
introduced by: 

(a) Lowry _(b) Bronsted (c) Arrhenius (d) Lewis 

The ionic product of water will increase if: . 

(a) pressure is decreased (b) H* ions are added 

(c) OH’ ions are added (d) temperature is increased 


. One litre of a buffer solution containing 0.01 MNH,Cl and 0.1 


M NH,OH having pK, of 5 has pH of: 


(a) 10 (b) 9 (c) 4 (d) 6 


. An aqueous solution of ferric chloride would be: 


(a) acidic (b) neutral (c) basic (d) amphoteric 


. An acid solution of pH 6 is diluted hundred times. The pH of 


the solution becomes: 


(a) 6 (b) 6.95  (c) 4 (d) 8 


. The pH of a solution is 5.0. To this solution sufficient acid is 


added to decrease the pH to 2.0. The increase in hydrogen ion 
concentration is: (CPMT 1990) 
(a) 100 times (b) 10 times (c) 1000 times (d) 2.5 times 


Conjugate base of HPO; is: [PMT (MP) 1991] 
(a) POS (b) H,PO; 
(c) H;PO, (d) H,PO; 


The pH of a solution is 2. Its pH is to be changed to 4. Then the 


_ Ht ion concentration of original solution has to be: 


(a) halved 
(c) increased 100 times 


(b) doubled 
(d) decreased 100 times 


The pH value of 0.1 mol/litre HCl is approximately 1. The . 
approximate pH value of 0.05 mol/litre H,SO, is most likely 


to be: 

(a) 0.05 (b) 0.5 

(c) 1 (d) 2 

The aqueous solution of a salt is alkaline. This shows that the 


salt is made from: 

(a) a weak acid and a weak base 
(b) a weak acid and a strong base 
(c) a strong acid and a strong base 
(d) a strong acid and a weak base 


[PMT (MP) 1991] 


--465.—Which of the following expressions is not true? 


166. 


167. 


168. 


169. 


(a) Na3Bj0;—-(b) NaHEO;-{c) Ket (dy Fe€t; 


(a) [H*]=[OH ]= VKy for a neutral solution 

(b) [H*]>4/K,, and [OH”]</K,, for an acidic solution 

(c) [H*]< IRy, and [OH ]> es for an alkaline solution 

(d) [H*]=[OH- ]=10" M for. a neutral. solution at_all 
temperatures 


Ammonia gas dissolves in water to give NH,OH. In this 
reaction water acts as: [PMT (MP) 1990] 


(a) an acid (b) abase © 

(c) asalt (d) a conjugate base 

What is the decreasing order of strength of the bases OH", 
NH, , H— C=C" and CH,CH, ? (UT 1993) 
(a) CH,CH, >NH, >H— C=C” >OH™ 

(b) H— C=C” >CH, — CH, >NH, >OH™ 

(c) OH” >NHZ >H— C=C” >CH,CH, 

(d) NH, >H— C=C” >OH™ >CH,CH, 

The best explanation for the solubility of MnS in dil. HCI is 
that : (MLNR 1993) 
(a) solubility product of MnCl, is less than that of MnS 


(b) concentration of Mn?" is lowered by the formation of 
complex ions 


(c) concentration of sulphide ions is lowered by oxidation to 
free sulphur 


(d) concentration of sulphide ions is lowered by the formation 
of weak acid H,S 


The correct order of increasing [H,O°] in the following 


aqueous solution is: (Vil. ° 1993; AFMC 2609) 
(a) 0.001 M H,S<0.01 M H,SO, <0.01 M NaCl <0.01 AZ 
NaNO, 
(b) 0.01 M NaCl <0.01M NaNO, <0.01M H,S <0.01M 
H,SO, 
(c) 0.01M NaNO, <0.01.M NaCl <0.01M H,S<0.01M 
H,SO, 
(d) 0.01M H,S <0.01.M NaCl <0.01.M NaNO, <0.01 M 
H,SO, 


170. 


Ionic EQUILIBRIUM 


Which of the following statements/relationships is not 

correct? 

(a) Upon hydrolysis salt of strong base and weak acid gives a 
solution with pH > 7 


CIOH (1) 
(a) I> > Ul 
(c) MI>I>1 


BrOH (II) IOH (IID 
(b) I1>I> Il 
(d) [> WI> 1 


182. Which of the following statements is correct? 
(b) pH= (a) pX,, increases with increase of temperature 
(b) pK,, decreases with increase of temperature 
(c) Only at 25° C, the pH of pure water is 7 (c) pK,, = 14 at all temperatures 
(d) The value of pK,, at 25°C is 7 (d) pX,, = pHat all temperatures 
171. Fear and excitement generally cause one to breathe rapidly 183. For a concentrated solution of a weak electrolyte A, and B,, 
and it results in the decrease of CO, concentration in blood. In the degree of dissociation is given as: 
what way will it change the pH of the blood? CIT 1993) (a) a= JK eq/C(x + y) 
(a) pH will decrease (b) pH will increase (b) 
a =/K,,¢/( 
(c) No change (d) pH will adjust to 7 ca! CY) ; ; 
172. Nucleophiles are: , (GSK fe ey er) 
(a) Lewis acids (b) Lewis bases d) a= IK oq /x¥e / 
: = xye 
° (ey) Bronsted acids (dy none of these ~ 7 Ve 89 eee ae 
$713" Electrophites are. rrr 184.—A-sohution_is-saturated-with_respect-_to_SrGO,-and-Srk,-The-—_— 
(a) Lewis acids (b) Lewis bases [CO?" ] was found to be 1.2x 10° M. The concentration of . 
(c) Bronsted acids” (d) Bronsted bases F~ in the solution would be: 
174. K, (hydrolysis constant) of ammonium benzoate can be (a) 1.3x10° M (b) 2.6x 107 
calculated by the formula: (c) 3.7102 M (@) 58x 107 M | 
(a) | Kw) | Ky) [_Kw (a) [Ky (Given: K, SrCO, = 70x 107° M?, 
Re Beh Ry VEERE . Ko (StF,) = 7.9 107! a?) 
We: aly Oke ninurtel Wales 120-4: eee pases 185. The solubility of sparingly soluble electrolyte M,, A, in water 
i is given by the expression: 
(a) is 25°C 
18 K mta K 1/(m + a) 
(b) is more than 25°C (a) S = sp (b) S = sp | 
(c) is less than 25°C ma? ma" 
(d) can be more or less than 25°C K m+a K Were 
(e) cannot be predicted (c) S= en (d) S = =| 
176. The buffer capacity of buffer containing acid with pK, = 4.0 me Ee 
is highest when its pH is equal to: 186. The solubility of mercurous chloride in water will be given as: 
{a) 6.0 (b) 5.0 (a) S=K,, (b) S=K,,/4 
(©) 40 (d) 3.0 (c) S=(Ky/4)" () S=(Kyl4f 
177. Kg (AgCl) > K,, (AgBr) > Kg, (Agl). This means that: 187. In the titration of acetic acid versus sodium hydroxide, the pH 
(a) AgClis more ionised than AgBr and Agl of the solution at equivalence point (when temperature is 
(b) both AgBr and AgI are less soluble than AgCl 25°C) is: 
: (c) Agl is most soluble (a) about 5.5 (b) about 6.5 
(d) AgBr is more soluble than AgC] but less soluble than Agl (c) about 7 (d) about 8.5 : : 
178. In the ee Squribnies 188. When K,0 is added to water, the solution is basic because it 
; * + HO0=—= BOH+H?* _ contains a significant concentration of: 
ar - (a) K* (b) OH” 
K,, =1x 107°. The hydrolysis constant is: (c) OF (d) OF 
(a) 10° (b+) 10 = «) 10° (d) 107 189. The blood buffers are most often involved in stabilizing the 
179. The solution of a salt of a weak acid and weak base will have pH in presence of metabolically produced: 
pH: (K, = 1.0x 10° and K, =1.0x 10%) (a) acids (b) bases 
(a) 7.0 (b) 8.0 (c) salts (d) none of these 
(c) 6 (d) 4.0 190. The colour of CuCr,O, solution in water is green because: 
130. 0.1 N solution of sodium acetate will have pH: (pk, = 4.57) (a) Cu** ion is green 
(a) 8.78 (b) 11.57 (b) Cr,07- ions are green 
(c) 4.57 (d) 7.0 (c) both the ions are green 
‘ ‘ : : : (d) Cu”* ion is blue and Cr,02° ion is yellow 
181. The following acids have been arranged in the order of a 


decreasing acid strength. Identify the correct order: (IIT 1996) 
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20% ionised, is: fCh. peas 


191. An acid with molecular formula C,H,O, forms three types of (a) 13.30 (b) 14.70 ‘(c) 12.30 (d) 12.95 
sodium salts, i... C7H;0;Na, C,H,O,Na, and C,H,O0,Na;. [Hint: [OH ]=0.1x02=2x10°:. 
The basicity of the acid is: pOH =1.7pH = 14 -pOH] 
i 5) 0th we iy) ee oe 198. The pH of 0.1 AM solution of the following salts increases in the 
192. If the salts MX, QY, and PZ, have the same solubilities, order of: GIT 1999) 
their K, values are related as: (a) NaCl <NH,CI < NaCN <HCl 
(a) K, (MX )= Ky (QY,)< K sp (PZ; ) (b) HCI <NH,Cl < NaCl < NaCN 
(b) K = (MX )> K,(QY,)=K (PZ, ) (c) NaCN < NH,Cl < NaCl < HCI 
(c) K,(M,X )= K,(QY,)= Kg (PZ;) (@) HCl <NaCl <NaCN < NH,Cl 
(d) K(M,X)> K(Q¥,) > Ky (PZ) 199, Aphysician wishes to prepare a buffer solution at pH.= 3.58 
193. in an experiment to determine the enthalpy of neutralization of that efficiently resists a change in pH yet contains only small 
sodium hydroxide with sulphuric acid, 50cm? of 0.4 M concentration of buffering agents. Which one of the following 
sodium hydroxide were titrated thermometrically with 0.25 M weak acids together with its sodium salt would be best to use? 
sulphuric acid. Which of the following plots gives the correct (CBSE 1997) 
Tepresentation? (a) mchlorobenzoic acid (pK, = 3.98) 
(b) p-chlorobenzoic acid (pK, = 4.4) 
Pa ae (c) 2,5-dihydroxybenzoic acid (pK, = 2. 97) * 
—() § (d) Acetoacetic acid (pK, = 3.58) 
= 200. Which one does not give a buffer solution? 
(a) Ammonia and sodium hydroxide in water 
Li iasaape epee (b) Sodium acetate and acetic acid in water 
Vol. of HeSO4 Vol. of HoSO4 ; : Se a 
; (c) Ammonia and ammonium chloride in water 
. (d) Sodium acetate and hydrochloric acid‘in water apse re 
a rs 201. Conjugate base of [Al(H,0), (OH), ] is: 
(c) & (d) 5 (a) [AI(H,0), (OF), J” (b) [AK(H,0); (OH), OT 
{c) [AI(H,0); (OH); 1” (d) [AI(H,0), (OH), 
10 30 50 10 30 50 202. The solubility of calcium phosphate in water is x mol h”! at 
Vol. of H2SO, Vol. of H2SO4 “25°C. Its solubility product is equal to: trate tes; feu page> 
2 3 
194. K,, of CuS, Ag,S and HgS are 107!, 10“ and 10 (a) 108x (b) 36x . 
respectively. Select the correct order for their solubility in (c) 36x° (d) 108x 
water: , (CBSE 1997) 203. K,, values for silver bromide, silver chloride and silver ladidé 
(a) Ag,S>HgS > CuS (b) HgS > CuS > Ag,S are 5x 10 3 mol? dm7 ®, 2x 10°! mol? dm= ° and 8 x 107” 
(c) HgS> Ag,S > CuS (d) Ag,S > CuS > HgS mol* dm” ° respectively. The order of as of these oe 
[Hint: Solubility of Ag,S (4S? =K,,) and for CuS and HgS salts is : EO AS 
n a (a) AgCl> AgBr> Agl (b) AgI> AgBr> AgCl ome 
(S°=Ky}] : (c) AgCl> Agi> AgBr (d) Agl> AgCl> AgBr 
* 495, Ifthe K, value in the hydrolysis reaction, 204. In the reaction, , 
. BY + H,O == BOH+ H* ae 
is 1.0.x 10°, then the hydrolysis constant of the salt would be: 4 
(HIT 1998) the Lewis base is: . if aarsesdaerd = 
(a) 1.0 10° (b) 1.0x 107 () 1x10 = (@) 1.0x 10° On () I- 
190. The concentration of [H* ] and [OH ] of a 0.1 M aqueous OL (a) th 
solution of 2% ionised weak acid is: (ionic product of water cond aca 
=1x10'%) (CBSE 19933 205. Which of the following on reaction with H, does not protic 
(a) 0.2x 107 M and 5x10"! M metallic sulphide? LATEMS tec 
3 11 _ (a) CdCl, (b) ZnCl, = (c) CoC, (d) CuCl, 
ya . eae 206. A buffer solution of pH = 9 can be prepared by mixing: 
(c) 2x 10° M and 5x 10°? M Clit 268 
(d) 3x10? Mand 4x10? M (a) CH,;COONa and CH,COOH 
‘ a 2 .: a 3 (b) NaCl and NaOH | 
(Hint: [H™ ]= pee 0.1x 0.02 =2x107 M (c) NH,Cland NH,OH 
[OH™ J= a ] (d) KH,PO, and K,HPO, 
[H” ] : 207. Which of the following i is the strongest Lewis gee 
197. The pH value of decinormal solution of NH,OH, which is 


IPMEUP ¢ 


(a) CH} = (6) NH_—s«@®) OW @) ro 
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208. The monobasic acid among the followingis: (SAT 2010) 218: “pHofa buffer solution decreases by 0.02 units when 0.12 g of 
(a) H,PO, (b) H,8,0, acetic acid is added to 250 mL of a buffer solution of acetic 
© H3PO, . (d) H,P,0, acid and potassium acetate at 27°C. The buffer capacity of the 
209. To Ag,CrO, solution over its own precipitate, Croz- ions are solunonsy, Sede MCET 2009) 
added. This results in: [MEE (Kerala) 2000] 56 s se (b) 10 pk . ds 4.8, Maes 
: : + trati ‘ . e issociation constants 07 HORS asic. acids an 
(ilemetease Ag vee ve -. «are 6 X lg’; 55x 10>: 3.6x 10° and 7x-107!° respectively. 
~. (b) decrease in Ag” concentration The pH values of their 0.1 molar aqueous solutions are in the 
(c) increase in solubility product : order: 
(d) shifting of Ag* ions from the precipitate into the solution (a) d<B<C<D (b) A>B>C>D 
210. Aluminium chloride is:  (KCET 2000) gel) ae As oe Dp at o Ae Z =C . — 
Besieted id Aaveect ; . e equilibrium constant of the reaction of weak aci 
o zie a 4 ae a S Sper riis - with strong base is 10”, then pH in 0.1 M Nad is: 
211. A50 mL solution of pH = Lis mixed with a 50 mL solution of Coke Oe in Oe CB 
pH = 2. The pH of the mixture will be nearly: 221. Ifthe freezing point of 0.1 molal H4 (aq. )is — 0.2046°C, then 
[LAS (Prelim.) 1995] pH of the solution is: [K , (H,O) = 1.86° mol” “| kg]. 
yO. 76 (b) 1.26 (176  (d) 2.26 m, hd s é Ae a i . = ; - erie 
212. The[Ag*]ina saturated solution of Ag,CrO, is L5x10* M. — aie Acie = eo eee 
>. 1. What is the solubility product of Ag,CrO,? = (SCRA 2009) ae : Pe K, i Be 1000, |. 
(a) 3375x1023 (b) 16875 x 10793 ae (0) oles ~ BaD 
ih ay3 12 473 
(c) 16875x 10M (d) L6875x 10°" M (c) both correct ~ (d) none is correct 
[Hist Ag,CrO, —> 2Ag" + CrOz 223. Assuming complete ionisation which will have maximum pH? _ 
[Agt]=15x104M  & [Cro ]=0.75x104 M (a) 0.01 MNH,Cl _(b) 0.01 M (NH, ),SO, 
Ky =[Ag’ P[CrOz ] . €¢) 0.01.M: (NH, )yPO, (d) equal 
=[15 x10 ff0.75 x10] 224, H,O+ H,PO, == H,0° + H,POj; pK, = 2.15 
| = 1687510720] H,O + H,PO, === H,0* + HPO]; pK» = 7.20. 
213. The pH of a buffer containing equal molar concentrations of a jflence: pH e oo MNBIGEOs4 = 
weak base and its chloride (K, for weak base = 2x 10" ue “ob (a), 9.35 Me (b) 4.675 (c) 2. 675, -  @) 7.350 
log 2 = 0.3) is: OCOCH; 
(a) 5 (b) 9 (c) 4.7 (d) 9.3 enue Oe coe ks 1 ake 
214. The solubility product (K,) of AgCl is 18x10, 225. Acetyl salicylic acid | COOH] called aspirin is a 
Precipitation of AgCl will occur only when equal volumes of ae 
solutions of:;> * {IAS (Prelim.) 1997; PET (MP) 2007] -_ kill it, K, ca rr bs 09 
2 + lot uc : _- pain. killer, wi pK, = two tablets each o g-mass, 
AG eS aad ye ae seca ‘ containing aspirin are dissolved in 100 mL. solution. Its pH.- 
(b) 10°? M Ag* and 107 MCI -.are mixed will be: 
(c) 10° M Ag* and 10° MCI are mixed (a) 0.5 (b) 1.0 
(4) 10° M Ag* and 10" MCI are mixed oe a 
Se ans TAS 226. If ionic product of water is K,, = 10°'® at 4°C, then a'solution 
215. Solid Ba(NO, ), is gradually dissolved i ini alxl0“M Na,CO, with pH = 7.5 at 4°C will: 
solution. At what concentration of Ba a will a precipitate - (a) turn blue litmus red (b) turn red litmus blue 
begin to form ? (K,, for BaCO, = 51x10) (AIEEE 2009) (c) turnturmeric paper brown (d) be neutral to litmus 
(a) 41x 10° M b) 51x 10° M 227.: “How dos we differentiate between Fe** and Cr** in group III? 
) (b) ; 
(©) 81x10" M @) B10" M (a) By taking excess of NH OH oo 
ng ex 
216. How many gram of CaC,0, will dissolve in distilled water to (b) By: in ke g NH? ion oncentration’ 
' make one litre oF. unsaturated solution of it? (K,, for Lop 
CaC,O, = 2.5 x 10°? mol? lit”) [PMT (MPS oe yy Sri oe ion concentration 
‘ot and (c 
(a) 0.0064 (b) 0.1028 g (c) 0.1280 g “(d) 0.2056 228. Which has the highest pH? [CBSE (PMT) 2002| 
217. When CO, dissolves in water, the following equilibrium is ~ 
established, _(a) CH,COOK | (b) Na,CO, .- . 
CO, + 2H,0 == Hj0" + HCO; sie (c), NH4Cl (d) NaNO; 
for which the equilibrium, constant is 3.8 x 10” and pH = 6.0. 9. Water is a: (KCET 2002) 


The ratio of [HCO; ]to [CO,]; would be: 


(a) 3.8x 103 (b) 3.8x 107! (c) 6.0 (d) 13.4 


(a) protophobic solvent 


(b) protophilic. solvent ba 
(c) amphiprotic solvent 


(d) aprotic, solvent . 
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231. 


232. 


233. 


234. 


235. 


236. 


1 M NaCl and 1 M HCl are present in an aqueous solution. The 
solution is: _ (AIERE 2002) 
(a) not-a buffer solution with pH< 7 
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" [OH ]=10°M 
». [Ht ]= =10°° M and pH = —log{10~ ]= 9] 


(c) S =(256K,)'° (d) S = (K,/256)"° © 


239. The K,, of Mg(OH); is 1x10". 0.01 M Mg(OH), will 


precipitate at the limiting pH: . (DPMT 2005) 
(a)3 (b)9 - (c) 5 (d)8 
[Hint: [Mg’* |[OH™]? = 107 


0.01x [OH ]? = 10°? 


pe, cE aha fa aaa ee Sage 


240. The correct expression for the solubility product of 
(b) nota buffer solution with pH > 7 " €as(PO,) ist [JEE (Orissa) 2005] 
(c) a buffer solution with pH < 7 @) 1085° (b) 2785 (b) 1654 (@) gis4 
id) @ barter sofntonwith pH = 7 241. The solubility product of a salt, having the general formula 
Solution of 0.1 44 NH,OH and 0.1 M NH,Cl bias pH 9.25. MY. 2 2+ 
3, in water is 4 x 107". The concentration of M ** ions in 
a oe ao im (b) 4.75 ICB SE (PMT) 2002 the aqueous solution of the salt is: (AIEEE 2005) 
a) 7. : AD —6 ; ~4 
(c) 3.75 (d) 825 2x10 ba es ae 
Solubility of an MX, type electrolyte is 0.5 x 10* moMlitre, te) int 4x10" M 
then K,, of electrolyte is: [CBSE (PMT) 2002] (Hint: It is ternary electrolyte. 
(a) 5x10? (b) 25x 10° , : K, =4S° 
a) 1x 10°73 (d) 5x 10” a 4x 19°? = 493 
The. concentration of KI and KCl in a certain solution S=104M 
anes ae is 0. be M Acar zt eh me BE this solution i is (M**)=107 M] ee ee 
valle ae BESEEE SOLO ek 242, The ionization constant of ammonium hydroxide i is 177x105 _ 
--—-W nap 7 aye pengr tt ate gee at 298K. Hydrolysis cons! tant of hlorid 
Ky AgCl = 197! p= Agl = 1075)" {PET (MP) 2004] = et areal g Ae eae peaag 2009} 
(a) Agl will be precipitated 6) 5.65x jo}? (b) 5.65x 197!¢ 
(b) AgCl will be precipitated (c) 6.50 10-2 (a) 565x110"? 
(c} There will be no precipitate , ie er : 
(d) Both AgCl and AgI will be precipitated ee . [Hint: K,= x = ae Sepa 
Degree of dissociation of NH,OH in water is 1.8 x 10-°, then ee . , 
hydrolysis constant of NH,OHis: {CECE (Bihar) Pre. 2004] = 5.651079] 
(a) 1.8x 105 (b) 1.8x 10° 243. The K, values of formic acid and acetic acid are respectively 
; 5 1.77x 10" and 1.75 x 10°. The ratio of the acid strength of 
© 5.55x 10% _@) 5.55x 107° 0.1 Macid is: . - [PMT rer 
What is the pH of 0.01 M_ glycine solution? For glycine (a) 10 (b) 3.178 (c) 0.3 (d) 0.1 , 
K,, =45x10°;K,, =1.7x 10 at 298 K: (AIMS 2004) (e) 100 
{a) 3.02 (b) 6.94 {c) 7.06 (d) 10.02 244, Equal volumes of the following Ca?* and F~ solutions are 
The rapid change of pH near the stoichiometric point of an | “mined. In which solution will the precipitation occur? 
acid base titration is the basis. of indicator detection. pH of the | Kg of CaF, = 1.710 
solution is related to the ratio of the concentrations of the , a 
conjugate acid HIn and base is forms of the indicator by the 1.107 M ca* + 10° MF~ 2.10°M Ca2* +10°M F- 
expression: © (CBSE ( (PMT) 2004] 3.104 MCa?®4.107 ME* 4.10? MCa™* + 10° MF~ 
* (a), log i : a Kg — pH ) ‘be = 5 = PK = pH Select thie correct answer using the codes given below: 
os [PMT (Kerala) 2005] 
£2 [Hin] {In7 1 Sim dcny. (b) in and2 aes (d) in2, 3 and 4 
- (©) log [o] pH- pK;, — (d) log [Hn] © pH - pK, | ye OF in all i ay ae oe 
: : Pee eee 5 (2 iven, pH.of a solution 4 is 3 and it is mixed with another 
tein 2 week Soe he ne srecstio errr Pe ne ~_ solution B having pH 2. If both are mixed, then the resultant 
forms a salt NaX on reaction. with alkali. The. degree of : Saar nee 
; ; ae pais pH_of the solution will be: _ _ [BHU (Pre.) 2005] 
hydrolysis of 0.1 A¢ solution of NaX is: .. {HIT (8) 2004] Pag : ‘ : : 
(a) 0.0001% (b) 0.01% - () 0.1% = (d) 0.15% (a) 3.2. (b)1.9 )34 (d) 3.5 
e BG Pike ate at ieee 246. When 10 mL.of 0.1 M acetic acid (pK, = 5)is titrated against 
238. The molar solubility (in mol litre™') of a sparingly soluble salt : oats aay aes ; 
- 10-mL of 0.1 4 ammonia solution (pK, = 5), the equivalent 
MX, is S. The corresponding soubty product K’,, is given sink will ocau-at ok: (AIIMS 2005) 
by the relation: z (AIEEE 2004) @ 5 - b) : (c)7 - (d)9 oan 
1 i 
(a) S =(K,/128)! (b) S=(218K,)" 247. On adding 0.1 M solution each of Ag*, Ba?” and Ca”* in an 


Na,SO, solution, the species first precipitated i is: 


(DCE 2005) 
(Kg, BaSO,=10"', K,, CaSO, =10°, K, Ag,SO, = 107°) 
(a) Ag,SO, (b) BaSO, 
(c) CaSO, _ (d) all of these 


lonic Equitierium 
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252. 


253. 


254, 


ZnS is not precipitated by passing H)Si in acidic sien but 
CuS precipitated. The reason for itis: [JEE (Orissa) 2006] 
(a) K,, CuS << K,, ZnS (b) K,, CuS >> K,, ZnS 
(c) K, CuS= K,, “7nS (d) none of these 
Solubility prochict of salt AB is 1x 10°° M ? in a solution, in 
which the concentration of A* ions is 10° M. The salt will 
precipitate when the concentration of B™ ions is kept: 
(KCET 2006) 

(a) between 107° M to 10°’ M(b) between 107? Mto10° M@ 
(c)> 10° M@ (d)<10° Mu 
NaOH(aq.), HCl(aq.) and NaCi(aq.) have concentration of 
10°? M each. Their pH will be respectively: 

[PMT (Uttarakhand) 2006] 
(b) 11, 3,7 
(d) 10, 4, 7 


(a) 10, 6, 2 
(c) 10, 3,7 


5. The weak acid, HA, hasaK, of 1.00 x 10>. If 0.1 moots 


acid is dissolved in one litre of water, the percentage of acid 
dissociated at equilibrium is closest to: [CBSE (Med.) 2007] 
(a) 1% (b) 99.9% 

(c) 0.1% (d) 99% 


248. When 0.1 mole of CH,NH, (ionization constant, [Hint! H4 => H* + a 
K,=5x 10~*) is mixed with 0.08 mole HCI and the volume is 1=0 C , 0 0 
made up to 1 litre, find the [H* ] of resulting solution: P 
‘ t C-Ca Ca Ca. 
(IT 2005) = Cg? 
(a) 8x 10? (b)2x 107! x, EEA. 
¢ [H4] C-Ca 
(c) 1.23 x 10+ (d) 8x 107}! at 
_" = 2 
[Hint: CH,NH,+ HCl —>CH,NHiCI~ rere 
0.1mol 0.08 mol 0 
0.02 mol 0 0.08 See sae 
[Salt] oe Vor 
pOH = pK, + log Peer ; 
[Base] % ionisation = o x 100 = 1] 
=-log 5x 107 + log 008 3.903 256. At25°C, the value of pK, (K;, being the dissociation constant 
, 0.02 as a base) for NH, in aqueous solution is 4.7. What is the pH 
pH = 10.0967 of 0.1 M aqueous solution of NH,Cl with 0.01 M NH, 
[H* ]= antilog[-10.0967]=8 x 107] (approximately)? (SCRA 2007) 
249. At 25°C; the dissociation constant of a base BOH ist x 107. {a} 8:3-— (b)-9 fe)-9:5 (d)40 
~~ -Fhe~-concentration- of hydroxyl-ions_in~0.01-M-aqueous—---—-—-Twinés pOH = p eg [NH,Cl]}_—_-___- = 
solution of the base would be: eS PMT (Pre.) 2005] : [NH,OH] 
(a) 10°° mol L7' (6) 10° mol L™ 5 cats Oth |p 
(c) 2x 10° mol L~! (d) 10-7 mol L SAWS | ie] on 
[Hint, [OH7]= JK; = f0.01x 107 =1077 sol ri pH=14 - 5.7=8.3] 
257,. The ionisation of strong electrolytes in acetic acid compared to _ 
2590. en of the following solutions has pH equal 0°10? . . a ee ooET 
cs that in water is: {CET (J&K) 2007] 
[UGET (Manipal) 2006} 
i © ee -10 (a) weak, low (b) strong, more 
{a) 10° M KOH, F ‘(b) 10 M. KOH - (c) medium, the same . (d) no ionisation, 100% 
(c) 10°? M HCl’ .@ 10-4 M HC 258. By adding a little of acid or base, the change in pH of blood is 
251. A weak monobasic acid is half neuttalised by a strong base. If not significant, because blood: [PET (Raj.) 2006] 
the pH of the solution is 5 AsitspK, is: [JEE (Orissa) 2006] (a) has iron as a part of molecule 
(a) 6.8 (o) 2.7 "c) 5.4 (d) 108 Mle fa eee 
an mtn (c) has serum protein which works as buffer 
[Hint: [Acid] = [Salt] i ; 
[Salt} (d) is easily coagulated 
pH = pK, + log —— 259. 2.5 mL of 2/5 M weak monoacidic base (K, = 1x 10°”? at 
[Acid] 25°C) is titrated with 2/15 M HCl in water at 25°C. The 
5.4=pK, + logyg 1 concentration of H" ion at equivalence point is: . 
. pK, =5.4] (K, =1x 10°" at 25°C) 


(IIT 2008) 
(a)3.7x10 3M (b) 3.2 10° 7M a 
(c) 3.2 x 10°7M (d) 2.7 x 10-7M 
[Hint: 1 BOH+ 1HCl—> BCI+ H,0 - 
ws (Base) = ae (Acid) 
2 


Loses xy 
5 Is” 


=7.5 mL 
Total volume = 7.5 + 2.5 = 10 mL 
Concentration of salt in the mixture : 
M,V, (Base) = MV, (Salt) 


=x 25=M; x10 
a 
pHs [phy Pky lee C] 
1 
=—[14-12-(-D]= 
ral (-)] 
[H* ]= Antilog (— 1.5) = 0.032 M] 
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Solubility product constants (K,,) of salts of types 
MX ,MX,,M,X at temperature T are 4x 107%, 3. 2 x1o 4 
and 2.7 x10" respectively. Solubility (mol dm >) of the 
salts at temperature T are in the order: CHT 2008) 


(a) MX > MX, > M,X (b) M,X > MX, > MX 
(c) MX, >M,X > MX (d) MX > M,X > MX, 
[Hint: 

Solubility (S,)of MX = [K, = J4x107® =2x 104M 


Solubility (85) of 


K 4 -~14 ; 
Mx, =| —2 _( 3:2x10°*)3 =2x10-5M 
4 4 
Solubility (S,) of - . 
1 i 1 F 
K om = : ISNA . 
Mix =) 52 || Se io tar 
: 27 27 Sra 
ny tas ao ey toe 


(c) HNO, andCH,COONa __ 
(d) CH; COOH and CH,COONa 


6. Four solutions of NH,Cl are taken with concentrations 1M, 


a te hc hy and hy. What is the graduation of degree of 
hydrolysis? 

(a) hy > hy > hy > hy 
(Cc) hy > hy > hy > hy 


(b) hy =A, = hg = hy 
(d) None of these 


7. Which has maximum od AB, AB, AB, and AB,ifK,, 


for all the salts are 10°" 


(a) AB (b) ABy (c) AB; (d) AB, 


8. Dissociation of an indicator can be considered as, 


HIn == Ht + In” 
Colours of HIn and In™ are different. Which statement is 
correct? 
(a) Solution assumes colours of HIn when ae Pry 


«¢(d) The cnceritration of CO?” 


~(by Solution assumes colours of fn” when pH = Fig “er 


are : 
=42x107 and K,= 48x10"! 


Select re sneer statement for a saturated 0.034 M solution of 
the carbonic acid : (AIEEE 2010) 


(a, The ‘goricenttations of it and HCO; are approximately 
“equal * 


(b) The concentration of H’ is double that of CO?” 
(c) Concentration of coe is 0.034 M , 


is greater than that of HCO; 


Set-2: The Questions given below may have more 


1. 


2 


3. 


4. 


5. 


than one correct answers 


For dissociation constant (K ) and ionic product (K,,) of 
water which is correct? 


(a) K>K,, (b) Ky >X 
(c) K, =K (d) None of these 
‘Which is an example of auto protolysis? 


(a) H,O+ H,O == H;0" + OH” 

(b) NH, + NH, == NH; + NH; 

(c) H,SO, + H,SO, —— H,SO; + HSO; 

~ (d) All of the above 

If concentrations of two acids are same, their seintive strengths 
can be compared by: 

(a) o&,/a, (b) K,/Ky 

(c) [H'], /[H*], (d) jKy/K, 
Three bases YOH, YOH and ZOH have pK, values 2, 3 and 4 
respectively; the strongest conjugate acid is: 


(a) XOH; (b) YOH 
(c) ZOH; . (d) all are same 
Aqueous solution of HNO,,KOH, CH,;COOH and 


CH;COONa of identical concentrations are provided. The 
pair(s) of solutions which form a ‘buffer upon mixing is (are): 
(IT 2010) 


(a) HNO, and CH,COOH 
(b) KOH and CH,COONa 


‘i ie) Solution assumes ; colours of Hin~ when pH = Pe a5 


(d) Solution assumes colours of In~ when pH = Pg _; 


9. The % error in [H* ] made by neglecting the ionisation of 


water in 10° M NaOH is: 


(a). 1% --.-.-. (bb) 2% ------(e) 3% ------ - fd 4% >: 


10....50.mL_.N/10 NaOH solution is mixed with 50 mL N/20 HCl 


11. 


solution. The resulting solution will: 

(a) turn phenolphthalein solution pink 

(b) turn blue litmus red 

fh) turn methyl orange red 

(@ [H ]<[OF ] 

An acid indicator HIn has K,, = 3 x «10-5, the acid form is red 

and basic form is blue. Which i is correct? 

(a) pH = 5 when indicator is 75% red 

(b) pH = 4.05 when indicator is 75% red 
..(c) pH = 5 when indicator is 75% blue 

-. (d): pH = 4.05 when indicator is 75% blue 


. 12." Which of the following will function as buffer? 


[TAS (Pre.) 1997] 
(b) Borax + boric acid 
(d) NH,Cl + ‘NH,OH 


(a) NaCl + NaOH 
(c) NaH,PO, + NaHPO, 


13. Choose the correct statement(s): 


(a) pH of an acidic buffer increases if more salt is added. 
« Dy "pH of a basic buffer decreases if more salt is added. 


(c) Ina saturated solution, ionic product is equal to its 
solubility product. 


(d) The term solubility product is only for aparinely, soluble 
salts, 


14. In the following reaction, 


[Cu(H,0),(OH)]* + [AIGH,0),]°* — [Cu(H,0), 12" 
(A) — «@) © 
+ [AI(H,0),(OH)]" 
(D) 


(a) (A) is an acid and (B) is a base 
(b) (A) is a base and (8) is an acid 


15. 


16. 


--sohution? _— 


IONIC EQUILIBRIUM 


(c) (C) is the conjugate acid of {A4) and. (DB) is thé: cofijaate ! 


base of (B) 
(d) (C) is the conjugate base of (4) and (D)i: is the conjugate 
acid of (B) 
Which among the following will not react with NaOH or 
which is not acid salt? 
(a) NaH,PO, (b) Na,HPO,(c) Na,HPO, (d) NaHCO, 
Direction: In the following three questions, more than one of 
the answers given may be correct. Select the correct answers 
and mark it according to the codes. iBxiv (vied.) 2607) 
Codes: 
(a) 1,2 and 3 are correct (b) 1 and 2 are correct 
(c) 2 and 4 are correct (d) land 3 are correct 
If equal volumes of 0.1 M HBr and 0.1 M KOH are mixed, 
then which of the ares is/are correct about the resulting 


17. 


18. 


(1) [H,0*]=1.0x 107 mol L7 


(2) [OH ]=1.0« 107 mol L 
(3) [K*]=0.05 mol L! bag 
(4) [Br ]=0.10 mol L! 
Which of the following solutions will be acidic? 
(1) 0.1M FeSO, (2) 0.1M (NH, ),80,. 
(3) 0.14! CH,COONa (4) 0. 1M NH,OH 
In a buffer solution consisting NaH,PO, and Na 2HPO,: 
‘ BEL | Matas, £00) 
(1) NaH,PO, is acid and Na,HPO, is salt 
(2) The pH of solution can be calculated using the relation : 
| [HPO;"] 


H = pK, +lo = 
Pp Pe 2 S10 (HPO) 


(4) The pH can not be caleulated 
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Assertion-Reason TYPE QUESTIONS 


The questions given ae consist of two statements each printed as 
‘Assertion’ (A) and ‘Reason’ (R). While answering these questions 
you are required to choose any one of the following four responses: 


(a) If both (A) and (R) are correct and (R) is the correct 
explanation for (A). 

(b) If both (A):and (R) are correct but (R) is not the correct 
explanation for (A). 

(c) If (A) is correct, but (R) is incorrect. 

(d) If both (A) and (R) are incorrect. 


. (A)A very dilute acidic solution of Cd?* and Ni?* gives 


yellow precipitate of CdS on passing hydrogen sulphide. 
(R) Solubility product of CdS is more than that of NiS. 
(A) In the titration of Na,CO, with HCI usin 


11. 


12. 


(A) Sb,S; is not soluble in yellow ammonium sulphide. 

(R) The common ion effect due to S* ions reduces the 
solubility of Sb,S;. (AIIMS 2006) 

(A) H,SO, acts as a base in presence of HCIO,. 

(R) Perchloric acid is stronger acid than H,SO,. 

(A) pH of a neutral solution is always 7. 

(R) pH of a solution does not depend upon temperature. 

(A) pH of 10° HCL is not equal to 8. -. 

(R) HCI does not dissociate properly in very dilute solution. - 

(A) If a solution with pH = 2 is diluted to double the volume, 
the pH of the solution will fall to 1. 

(R) pH is inversely proportional to the volume of the solution. 

(A) If HCI gas is passed through saturated NaCl solution, solid 


indicator, the volume of the acid required at the 


‘NaCI starts separating out. 


3. 


10 


- (R) The value of K,, of AgCl<K,, of AgBr. . 


equivalence point is twice that of the acid required using 
phenolphthalein as indicator. 

(R) Two moles of HCl are ere for the complete 
neutralisation of one mole of Na,CO,. (IIT 1991) 


(A) The pH of an aqueous solution of acetic acid remains — 


” utichanged on the addition of sodium acetate. 
(R) The ionisation of acetic acid is suppressed by the addin 
- of sodium acetate. 

(A) In acidic medium, Zn?* is not precipitated by s- “iofis. ' 

(R),Common ion effect reduces the concentration of s?- ions 
to the minimum level. 

(A) In the acid-base titration involving a — base and a 
weak acid, methyl orange can be used as an indicator. 

(R) Methyl orange changes its colour in pH range 3 to S.. 


. (A) A mixture of sodium acetate and sodium propionate forms 


a buffer solution. . _ 
(R) A-buffer solution reacts with small quantities of hydrogen 
or hydroxyl ions and keeps the pH almost same. 


- (A) When small amount of an acid or base is added to pure — 


water its pH undergoes a change. 

(R) Addition of. an acid or a base increases. the et of 
ionisation of water. So 

(A) At 25°C, the pH of 10° @ HCli is 8, 


.(R) pH of acidic solution is always below 7 at 25°C. 


(A) The addition of silver ions to a mixture of aqueous sodium 
chloride and ‘sodium bromide solution, will first 
‘precipitate AgBr rather than. AgCl. 

(ALIMS 2004) 

(A) Sb (I) i is not precipuaied as gaiphide when in its alkaline 

_ solution H,S is passed. 

(R) Concentration of © S*- ions ‘in- alkaline medium is 
_ inadequate for precipitation. (AIIMS 2004) 


18. 


19, 


20. 
2b 


22. 


26. 


(R) HCI decreases the solubility product of NaCl. 

(A) pH of a buffer changes with temperature. 

(R) Ionic product of water (K,, ) changes with temperature. 

(AVL +1° —>& 
In above reaction, I, is Lewis base. 

(R) Electron pair acceptor.is Lewis base. 

(A) Phenolphthalein is used as indicator during the titration if 
oxalic acid against sodium hydroxide. 

(R) The pH range of phenolphthalein i is from 8 to 9.6. 

(A) If Ky is less than K, ip? the precipitate is formed. 

(R) Solubility product (K,,,) is the highest limit of ionic 
product of électrolyte solutions: , 

(A) HPQ, is a dibasic acid. 

(R) There: are two hydrogen atoms directly attached to 
phosphorus. (AIIMS 2007) 

(A) NaCl is precipitated when HCl gas is passed in a saturated 
solution of NaCl. 

(R) HC is a strong acid. (AITMS 2007) 
(A) On mixing 500 mL of 10° M Ca?* ion and 500 mL of -- 
10° MF” ion, ine precipitate of pe will be obtained. 

K,, (CaF, )= 107 


(R) If J Kg is ore ‘hai ionic produce precipitate will be 
obtained. (AIITMS 2007) © 
(A) The aqueous solution of CH,COONa is alkaline in nature. 


(R) Acetate ion undergoes an ionic hydrolysis. 
(EAMCET 2008) 


(A) An aqueous solution of ammonium acetate can act as a 
buffer. : 


(R) Acetic acid is a weak acid and NH, OH is a weak base. 
(EAMCET 2010) 

(A) [AI(H,0),]** is a stronger acid than [Mg(H,0), °* 

(R) Size of [AI(H,0),]** smaller than [Mg(H,0),]°* and 
possesses more effective nuclear charge. (ATEMS 2010) 
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121. (c). 122. (b) 123. (d) 124. (d) 125. (b) 126. (c) 127. (a) 128. (a) 
129. (6) «130. (a) 131. (a) 132. (a) 133. (c) 134. (c) 135. (a) 136. (c) 
137. (d) 138. (b) 139. (a) —- 140. (d) 141. (d) 142. (c) 143. (a) 144, (b) 
. 145. (c) 146. (c) 147. (d) 148. (c) 149. (b) _ 150. (d) 151. (d) 152. (a) 
153. (a) 154. (b) 155. (c) - 156. (a) 157. (d) 158. (c) - 159. (b) 160. (a) - 
161. (b) 162. (b) 163. (d) 164. (d) 165. (d) 166. (a) 167. (a) _ 168. d) 
169. (c) 170. (d) 171. (b) 172. (b) 173. (a) 174. (b) 175. (b) 176. (c) 
177. (b) 178. (d) 179. (c) 180. (a) 181. (a) 182. (b) 183. (c) 184. (c) 
185. (b)  ~ 186. (d) 187. (d) 188. (b) 189. (a) 190. (d) 191. (c) 192. (a) 
193. (b) 194. (d) "195. (c) 196. (c) 197. (c) 198. (b) 199.. (c) 200. (a) 
201. (d) 202. (d) 203. (a) 204. (b) 205. (c) 206. (c) 207. (d) 208. (c) -- 
209. (b) 210. (c)  —211.-(b) 212. (d) 213. (d) 214. (a) 215. (b) . 216. (a) 
217. (b) 218. (d) 219. (d) 220. (b) 221. (b) 222. (c) 223. (c) 224. (b) 
225. (d) 226. (a) 227. (d) 228. (b) 229. (¢) 230. (a) 231. (b) 232. (d) 
233. (a) 234. (d) 235. (c) 236. (c) 237. (b) 238. (d) 239. (b) 240. (a) 
241. (b) 242. (b) 243. (b) 244. (d). 245. (b) 246. (c) 247. (a) 248. (d) 
249. (d) 250. (a) 251. (c) 252. (a) 253. (c) 254. (b) 255. (a) 256. (a) 
257. (a) 258. (c) 259. (c) 260. (d) 261. (b) 
@ Set-2 
1. (b) 2. d@ 3. (a,c; d) 4. (c) 5. (c,d) 6.. (c) 7. (d) 8. (a, b) 
9. (a) 10. (a, d) Ik. (bc) «12. (6, d) 13. (a, b,c) 14. (b,c) 15. (a,b,c) 16. (a) 
1. (c) 2. (b) 3. (d) 4. (a) 5. (d) 6. (b) 7. (c) 8. (d) 
9. (c) ~~ «10. ©) 11. (d) 12. (a) 13. (d) -14. () 15. (d) 16. (c) 


17. (a) 18. (d) 19. (a) 20. (b) 21. (c) 22. (bs)  ~—-23. (d) 24. (a) 


me 


Bee 8. Arrange the following acids in_ increasing order of their acid 
aut Bice aera rea na RTOr ; oo "Strength a 
Seana S/F PEE TODLDE er ce prrepmeS weak aeide-— HCI ,ILH,S0, “WL HPO, 
ane 8 ave 10: ae If the dissociation constant 0 @M<U<Il@)I<0<MOQu<M<I@M<I<Il 
third acid HC is 10°. The order of acidic strengths of three ; Senet : 
acide willbe: 9. Select the anion which is the strongest bronsted base: 
(a) HA > HB > HC (b) HB > HA > HC {a)GlOZ ~~ (b) COZ (c) ClO; (d) ClO™ 
(©) HC > HA > HB (d) HA = HB =HC [Hint: . HClO,>HCIO, > HCIO, > HCIO eet 
cS 14 é : a : 
[Hint: X, (HA)= os 3 =10° (Decreasing acidic character) 
: ” ClO; < CIO; < ClOZ < ClO” 
10° 8 ae , 
K, (HB) - ra = ‘oe =10° (Increasing basic strength) 
. (Conjugate base of strong acid is weak base)] 
K,(HC)= 10" 10. M(OH), has a K,, of 4 x 10°° and its solubility is 10° M. The 
Greater the value of dissociation constant K,, more is the acidic ~ value of x is: 
strength.] (a) 4 (b) 1 {c)3 (d)2 
4, Three sparingly soluble salts that have same solubility 11. What is the maximum possible concentration of Ni** ions in a 
products are given below: solution containing 0.15 Mf HCI and 0.10 4 H,S? [Given that, 
1.A,X 1 AX Ill. AX; Ky (NiS) = 2x10! and[S*"]y,5 = 4 x 107]: 
Their solubilities it turated soluti ill be such that: 
inst — om s Toi rs I oe es i OME ONE LORIE, ADO ME 
a | 12. The pH of 10°'° MH,SO, will be almost: 
[ltint: S = |Kq for AX; s-|“3| for A,X: @4 (b)7 (0) 6 (a0 
4 13. Solubility of calcium phosphate (molecular mass, M) in water 
V4 is W g per 100 mL at 25°C, Its solubility product at 25°C will 
S= Ko for AX; be appOnE ED: 
27 5 (Ww : W S 
(a) 10 (#y (b) io (% ny cio [% we) (d) 10° ( 
Sy > Sp > Si] \M } M) \M 
5. Consider the three solutions of | 44 concentration. (Hint: 5 =O mmol tite 
1. Sodiuri acerate (CH;,COONa) ss ~ Mf ees 
2. Acetic acid + Sodium acetate A 5 
K,, of Ca,(PO,), = 1085 
(CH,COOH + CH,COONa) wp of Cas(POs)s 
3. Acetic acid (CH,COOH) = 108 1 
The pH of these solutions will tie 1.1 che following sequence: ~ M 
(a)3<2<1 b)2<1<3 (is 2<3 W3<1<? iss 
=1097 : 
[Hint; CH,COOH (Acetic acid) <(CH;COCi: © OH. 0Na) =10 fa (approximately) ] 
pH<7 Buffer . 
arriiedd a] 14. When some amount of sodium acetate is further added to a 
pH >* 


The following questions contain single correct option: 

1. The pH value of 10°? M aqueous solution of NaCl is: 
(a)7 - (b)3 (i (d) 14 
[Hint: NaCl is the salt of strong acid HCI and strong base NaOH. Its 
aqueous solution will be neutral with pH equal to seven.] 

2. The acidic buffer solution can be prepared by mixing solutions 
of: 
(a) sodium acetate and acetic acid 
(b) ammonium chloride and ammonium hydroxide 
(c) sulphuric acid and sodium sulphate 


‘BRAIN STORMING PROBLEMS 
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Glycine NH,CH,COOH behaves: 
(a) as a Bronsted acid 

(b) as a Bronsted base 

(c) both as an acid and a base 

(d) neither as an acid nor as a base 


. Solubility of Hg,Cl, ina solvent is § moles/litre. Its solubility 


product will be: 
(a) 16S? (b) 8S? (c) 1654 (d) 45° 
[Hint: Hg,Cl, —> Hg;* + 2Cr] 


Salt of wes acid 
with strong base 


mixture of acetic acid and sodium acetate, then pH of the 
solution: 


15. 


IONIC EQUILIBRIUM 729. 

(a) increases Molarity of OH- = 2:25 ,. 1900 = 0.01M 
(b) decreases 50 
(c) remains same poH=2 . pH=14~2=12] 
(d) none of these can be predicted from given information 21. In the following reaction: 
[Hint: pH = pK, + log [Salt] f5 HOO: + HO 605, HILO 

[Acid] whicli two substances are Bronsted bases? 
When the concentration of salt is increased, the value of pH will (a) CO} and H,0* (b) HCO; and H,0* 
increase.] ~ (c) HCO; and CO} (d) CO} and H,O 
When strong base (NaOH) is added to the weak acid (acetic 22. Which are strong acids? 
acid, CH,;COOH), then dissociation of acetic acid increases; I. HClO, Il. H,SeO, Ill. HAsO, 
this effect i is known as: (a) Lonly _(b) II only 
(a) common ion effect (b) reverse ion effect (c) I and III only (d) II and III only 
(c) saltation effect (d) solubility effect ar nn “ a 
[Hint: CH,COOH + NaOH —> CH,COONa + H,0 Bee ee ee 

So iat ee aot baci k ’ The ionization of formic acid is represented above. Calculate 
Ionization of acetic acid will increase with the progress of its [H* Jof.a solution initiall containin 0.1 MACOOH and0.05 
-_--neutratizatton-This-effect is-cattedteversetorreffect>j ——— arog oo ee ee 
eee! aie oe _____ MHCOONa: _ 
In—our~bedy,— carbon~-dioxide-(CO7)~combines—with- -water =e 4 
(H, 0) to form carbonic acid. (a) 8.5 x10" M ~ (b) 3.4 x oo M 
H,O + CO, —> H,CO, (c)4.1x 10° M (d)1.8x 10° M 


17. 


18. 


19, 


20. 


Carbonic acid undergoes dissociation as, 

HCO, == H* + HCO; 
During the physical and mental stress, the rate of respiration 
increases, which results in the decrease in concentration of 
CO, in the blood. What will be the effect on pH of human 
blood during the stress? 


(a) Decreases (b) Remains same 
(c) Increases (d) Cannot be predicted 
The correct order of basic strength is:. (AUIMS 2007) 
(a) H,O< OH <CH,OH<CH,O° | 
(b) CH;0H < H,O <CH,O° <OH™ 
(c) H,O <CH;0H < OH” <CH;0° 
(d) OH <H,O<CH,0° <CH,0OH 
Which of the following orders is expected to be correct? 
(a) pK, (CICH,COOH) > pK, (CH,COOH) 
; > pK ,(CH,;CH,COOH) 


~ (b) pK, (CICH,COOH) < pK.,(CH,;COOH) 
< pK,(CH,;CH,COOH) / 


(c) PK, (CICH,COOH) > pK ,(CH,COOH) 
< pK ,(CH,CH,COOH) 
(d) pK ,(CICH,COOH) < pK ,(CH,;COOH) 
> pK ,(CH,CH,COOH) 
The concentration of H; Oions in pure water is 10° mol dm~? 
The corresponding concentration of OH” ions will be: 
(a) 10°" mol dm™ (b) 10° mol dm? 
(c) 10°° mol dm™ (d) 107? mol dm™> 
[Hint: In water, [H* ]=[OH™ ]=10° mol dm™] 
What will be the pH of a solution formed by mixing 40 cm’ of 
0.1 M HCI with 10 cm? of 0.45 M NaOH? 


(a) 10 (b) 8 (c)5 
[Hint: Number of moles of HCl = Riders = esl = 0.004 
1000 1000 
Number of moles of NaOH = Eick iaoe = Cue = 0.0045 
1000 1000 


Remaining moles of NaOH after neutralization = 0.0005 


~(a) 0:1 MHZCO;~ Meet aieeatet  joeercan ate: teian 22% 


25. 


26. 


27. 


28. 


. Carbonic acid, H,CO,, is a ae acid for which 


K,=42x107 and K,=4.7x10° 
produce a pH closest to 9? 


Which solution will 


(b) 0.1 MNa,CO, 

(c) 0.1 44 NaHCO, 

(d) 0.1 MNaHCO, and 0.1 MNa,CO, 

What is the conjugate acid of HPO?-? 

(a)H;PO,  (b+)H,PO; (©) HO* — @) POF 

What is the K, of a weak base that produces one OH” per 
molecule if a 0.05 M solution is 2.5% ionized? 

(a) 7.8x 10% (b)1.6x 10° (c)3.2x10% (d)1.2x 107 
[Hint: K, = Co? 


2 
= 0.05 «(23 =3.1x10°] 
100, 


The amount of sodium hydrogen carbonate, NaHCO, in an 
antacid tablet is to be determined by dissolving the tablet in 
water and titrating the resulting solution with hydrochloric 
acid. Which indicator is the most appropriate for this titration? 


Acid K, 
H,CO, 2.5x 107 
HCO; . 2.4x 10° 


(a) Methyl orange, pK, = 3.7 

(b) Bromothymol blue, pK ,, = 7.0 

(c) Phenolphthalein, pK, = 9.3 

(d) Alizarin yellow, pK, = 12.5 

If equal volumes of BaCl, and NaF solutions are mixed, 

which of these combinations will not give a precipitate? 
Substance K. 


5p 
BaF, 1.7x107 
(a) 0.004 M BaCl, and 0.02 M NaF 


(b) 0.010 M BaCl, and 0.015 M NaF 


- {c) 0.015 M BaCl, and 0.010 M NaF 


(d) 0.020 M BaCl, and 0.002 M NaF 


730 


29. 


30. 


31. 


32. 


33. 


34. 


35. 


be no precipitation of BaF ,.] 39. A sample of hard water contains 0.005 mole of calcium 
HCN is a weak acid (Ka = 62x10" a NH, OH is a weak chloride per litre. What is the minimum concentration of 
base (K, = 1.8x 10°). A 1 Msolution of NH,CN would be: sodium sulphate which must be added for removing the Ca** 
(a) strongly acidic (b) weakly acidic ions from this water sample? K,, of ier ea =2.4x 10°. 
- (c) neutral (d) weakly basic 7 (a) 4.8 x 107 (b) 48x 10° 
[Hint: Since, K, > K,, hence the medium will be weakly basic.] (c) 2.4 x 107 (d) 2.4 x 107 
How many moles of HCOONa must be added to 1 L of 0.1 M@ 40. Match the List-I and List-II: , 
HCOOH to prepare a buffer solution with a pH of 3.4? List-I \PistIE 
Given: K, for HCOOH = 2x 10 od a 
4 A) The limits of pH val me 
(a) 0.01 (b)0.05 -  (c) 0.1 (d) 0.2 Oo iia ae or bait (S10 
Silver ions are added to the solution with: ya 
= . 7 B) Concentration of [H,O*] in (ii). Equal 
[Br ]=[Cl ]=[COF ]=[AsOg ]=0.1M ¢ Na Ee a 
Which compound will precipitate at the lowest [Ag*]? _ (C)-The buff : cacol Git) 10-4 7 
__(a) AgBr (Ky, = 5.x sat ee ae ee = ang is maximum-when.concentration———— 
(b) AgCl(K., = 1.8x 107) of salt to that of acid is 
nan _ (D) Ionic product of water is (iv) pK, + 
Ky = 81x10" ; 
(€) AB200s (Kp ie me Codes: A si&B®” C D 
(d) Ag,As0, (Kg, = 10") (a) iv ii i: iti 
[Hint: In case of AgBr, the ionic product-will-exceed the (b) iv i- iii ii 
solubility product before AgCi, Ag,CO, and Ag,AsO,. Thus, (c) i iv an iii 
AgBr will start precipitation before other salts.] (d) iv : ie a 
The alten constant for this reaction is SoPOLnetely 10°. Mae es 1 Pay re 
HPO} (ag.) + HCO (ag.) == H,PO;(ag.)+ COs (az) AB Match the List Land List I: pia: 
. Which is the strongest conjugate base in this reaction? , (A) Degree of ionization of weak = (i) .Corrimon ion: ’ 
(a) HPOZ (aq.) (b) HCO; (aq.) electrolytes increases effect 
(c) HPO; (aq.) (d) CO} (aq.) (B) pH of water decreases on (ii). pH= 4 
[Hint: Conjugate base of weak acid is strong base.] (C) The solution has bydronium ion ai) Heating 
Which mixture forms a buffer when dissolved in | L of water? ee of 0.0001 
(a) 0.2 mol NaOH + 0.2 mol HBr " = me re eae 
(b) 6.2 mol NaCI + 0.3 mol HCI (0) nee es Gy) On dinaon 
(c) 0.4 mol HNO, + 0.2 mol NaOH eon BOnIHon preci iaes 
(d) 0.5 mol NH, + 0.5 mol HCl ee ? e é “ 
The equilibrium constant for this reaction is 3.6 x 10’. eae ; ot as is 
OCT (aq.) + H,0(?) == HOCKag.) + OH (aq) ay au a 2 
What is K, for HOCI? ye an " a ? 
(a) 2.8x 10% (b)3.6x107 (©)6x104 (d)2.8x 10° oo. mt at i 
What is the concentration of H* in a solution that is prepared (d) “ is a : 
by mixing 50 mL of 0.5 M HCl and 200 mL of 0.25 M HCI? #2. 


36. 


37. 


(a)1.9x10* (b)1.8x 107% () 9x10" 


38, 
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{Hint: In the mixture of 0.02 M BaCl, and 0.002 M Naf, the 
ionic product is less than the solubility product, hence there will 


(a) N aC, H, 0, 
(c) CuSO, 


(b) NH,NO, - 
(d) AICI, 


(a)0.30M (b)035M (c)040M (d)045M 
K,, for hydrofluoric acid is 6.9 x 10. What is the equilibrium 
constant X for the following reaction? 


F (aq.) + H,O() == HF (aq.) + OH (aq.) 
(a) 6.9 107"! (b) 1.4 x 107! (c) 2.6x 10° (d)8.3x 10% 
A solution of 2 M formic acid (HCOOH) is 5. 95% ionized. 
What is the K, of formic acid? 
(4) 4.5x 105 
. 0.95 
(Hint: K, = Co? m2 (095 93s) J 


If 0.1 mol of salt is added to 1 L water, which of these salts is 
expected to produce the most acidic solution? 


Which of the following is not correct about the percentage 
ionization of BOH ? 


K,, (H*] Ky, 
a 100 x 
Qa K, +K, (b) a Fa 
100 K, x 100 
¢) ———_—_————_———_ d ob 
© pote = pom K+ Or 
[Hint: BOH == B* + OH 
ty Cc 0 0 
beg, C-Ca Ca. Ca 
< (IB YfOH-1. Cc’ 
>” TBOH] ~~ C(1-@) 
=Co? (a <<< 1) 


~ Ionic EQuiuiBRium 


kK, ‘Kk, 
a= ye % ionization = 100 Jo (1) 
Cc Cc 
_ {B*] at: ee 1 
[B*]+(BoH] ,, [BOK] | [OH] 
. [B* [Ks] 
a= a: (2) 
K,+ OH” 
Percentage ionization = LE 
“ K, + OH 
i are 
~  [OH7] 10 Poe 
1+—— 1+ 
K, 107 PX 
£ 1 
= 1+ 10P%s ~ POF) 
__-.’.. Percentage ionization = ~~ I ea 


43. 


When NaCl is added gradually to the saturated solution of 
‘AgCl then which of the following plot is correct? = 


er — 


‘ [cr] — 
() a) 


The following questons may have more than one correct 
options: 


t. 


Which “ok the following statements is/are correct about the 
ionic product of water? 


- (a) K (equilibrium constant of water) < K,, (ionic product of 


water) 
(b) pK > pK,, 
(c) At 300 K, K,, of water becomes i072 


(d) Ionic product of water at 25°C is 10°'4 


2. 


4, 


~—"fa) CY is the conjiigate base oF HCl 
~ (6) CH, COOH is the conjugate base of CH,COOH} ~ 


‘(ay — (b) 


Which among the following statements is/are correct? 
(a) pH = — log;) (H;0" ) 

(b) pH decreases with increase of temperature 

(c) pH cannot be zero, negative or more than 14 

(d) If a solution is diluted ten times, its pH increases by | 
Which among the following statements is/are correct? 
(a) pH of 10°? M HCI is equal to 8 

(b) Conjugate base of H,PO; is HPO?" 

(c) pH of 0.1 M@ NaCl (aqueous solution) = 5 px, 


(d) Ionization of water increases with decrease in temperature 


Let us consider the ionization of HCI in the aqueous solution 
of CH,COOH. 


CH,COOH + HCl —— CH,COOH; + Cr. 
Select the correct statement(s) among the following: 


(c) CH,COOH} is the conjugate base of CH, COOH 
(d) CI is the conjugate base of CH,COOH 


Which among the following species act both as an acid as well 
-asabase? Set oe ee 

(a) SOF” 6) HSO; 

(c) PO3” (d) NH, 

Which among the following salts will give basic solution on 

hydrolysis? [PET (MP) 2008] 

(a) NaH,PO, (b) NH,Cl 

(c) NaCl (d) K,CO, 


Which among the following represent the conjugate acid/base 
pairs? 

(a) H,0°/H,O 

(b) H,SO,/SO7 

(c) HCO; /COz. 

(d) All are conjugate acid/base pairs 

If you have saturated solution of CaF, then: 


(a) [Ca”*]= [Ke (b)[(Ca*] = 2[F ] 
(©) 2[Ca**] = [F (@)[Ca?*] = [Kaya]? 


The relative strength of two weak bases at same concentration 
may be given as: : 


[OH]; 
[OH"], 


ole ee 


¥ 
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@ Single correct option 
1. (a) 2. (a) : Bc) 4. (d) 5. (a) 6. (c) 7. (d) 8. (a) 


9. (d) 10. (d) . UW (by ~ 12. (b) 13. (b) 14. (a) 15. (b) 16. (c) 
17. (c) 18, (b) . W() 20. (d) 21. (d) 22. (a) 23. (b) 24. (c) 
25. (b) 26. (c) a.) 29. (d) 30. (b) 34. (a) 32. (d) 
33. (c) 34. (a) 35. (a) 36. (b) 37. (b) 38. (b) 39. (b) 40. (d) 
ALS) 42, (c) Be (by) 
@ One or more than one correct options 
1. (a,b,c, d) 2. (a, b, d) 3. (b, ¢) 4. (a,b) 5. (b, d) 6. (a, d) 7. (a, c) 8. (c, d) 
__9. 04) _ = 


~ Integer Answer TYPE QUESTIONS 


10. Consider the titration of 50 mL of 0.1 M HBr with 0.1 MKOH. 


XY ZW 
This section contains 13 questions. The answer to 1©@ @ © © Calculate pH after 49 = of the base has been added to the 50 
each of the questions is a single digit integer, ranging 8 g . eg mL of HBr. fo. —_—- 
from 0 to 9. If the correct answers to question |@ @ @ @ 11. The dissociation constant tof a sdetinied benzoic wide at 25°C 
numbers X, Y, Z and W (say) are 6, 0, 9 and 2 |@@@@® is 1x 10. The pH of a 0.01 M solution of its sodium salt is: 
respectively, then the correct darkening of bubbles 3 8 8 8 (HT 2009) 
will look like the given figure : ADDO [Hint : pH of salt oe hydrolysis may be calculated as, 
OROROZG) 
 1O9O@9 pH = 51K, + pK, + logC] 
1. What will be the pH of 0.1 44 CH,COONH,? 7 i a ee 
Dissociation Constants of CH,COOH and NH,OH are * alls + CloglO™)+ log0.01] 
K, =18x10° and K,, = 18x10" respectively. 1 idee dis 
2. fonts product of water is 1x 10'?. pH of water will be : im 3l bie iad 
3. Calculate the pH at which an acid indicator HIn with 12. The total number of diprotic acids among the following is: 


concentration 0.1 M changes its colour. 


(K, for Hn = 1x 10°) H,PO,, H,SO,, H,PO,, H,CO;, H,S,0,, H,BO;, H,PO,, 


H,CrO,,. H,50; GIF 2045- 
4, Sum of basicity of H,PO,, H;PO,, : HPO, i 1S equal to: [Hint : H,SO,, H,PO,, HCO, H,S,0,,H,CrO,, H,SO, are 
5. Agiven weak acid (0.01M )has pK, = 6 The pH of this dintotic sai 
aoe iprotic acid.] 
solution is : 


13. Amongst the following, the total number of compounds whose 


sas “ 7 ‘ 
6. Solubility product of an electrolyte is 6912.5 °. How many ions aqueous solution tums red litmus paper blue is: 


will be obtained by the ionization of one molecule of 


electro yte? KCN, K,SO,, (NH, ),C,0,, NaCl, Zn(NO; ),, FeCl, 
7. The solubility product of Mg(OH), is 5x 107"? at 25°C. pH of PCS NO tN _ «ET 2010) 
saturated solution of Mg(OH), will be : [Hint : Salts of weak acid and strong base will give basic solution 
8. pH of 10M HCI is 6.9586. The value of x will be : on hydrolysis and will turn red litmus to blue KCN, K,CO, and 


LiCN are such type of salts.] 


9. If the equilibrium constant of the reaction of weak acid HA 
with strong base is 10°, then the pH of 0.1 M Nad solution will 
be: 


1. (7) 2. (6) 3. (5) 4. (6) 5, (4) 6. (7) 7. (8) 8. (8) 
9. (9) 10. (3) 11. (8) 12. (6) 13. (3) 


IONIC EQUILIBRIUM 


e@ Passage 1 


Higher the amount of acid or base used to produce a definite change 
of pH in a buffer solution, higher will be its buffer capacity. Buffer 
capacity of solution is maximum under the following conditions: 

{Salt ]=[Acid ] (in acid buffer) 

[Salt ]=[Base ] (in base buffer) 
DH of a buffer solution lies in the range given below: 
= pK, #1 

In other words, any buffer solution can be used as buffer up to two 
pH units only, depending upon the value of pK, or pK ,.A buffer is 
said to be efficient when pH = pK, or pOH = pK,. 

Answer the following questions: ; 


jENSION TYPE QUESTIONS @E 


When a weak acid or a weak base is not completely neutralized by 
strong base or strong acid respectively, then formation of buffer 
takes place. The pH of buffer solution can be calculated using the 
following relation: 

{Salt ] 


[Acid ] 


[Salt ] 


i= pK, + lo 
- Bet e [Base] 


; pOH = pK, + log 


. Answer the following questions using the following data: 


pk, = 4.7447, pK, =.4.7447, pK, = 14 
1. When 50 mL of 0.1 4 NH,OH is added to 50 mL of 0.05 M 


HCI solution, the pH is: 
(a) 1.6021 (b) 12.3979 . (c) 4.7447 (d) 9.2553 
1. Any buffer can be used as a buffer up to: 2. 0.001 M NH,Cl aqueous solution has pH: - 7 
—— ~ {ay 10 pit units(b) S-pH units (cy 2 pH units (a) TpH unit ~ (a)6.127 (b) 7.126 (ce) 2.167.267 


os 2: Which among the following soliitions will" bé the most 


efficient buffer? 

(a) 0.1 4 CH,COONa + 0.01 44 CH,COOH > 
(b) 0.1 4 NH,Cl + 0.1 4 NH,OH 

(c) 0.001 M HCOOH + 0.002 M HCOONa 


(d) Allofthe-above oo ee ee ee 
3. The buffer capacity is equal to: 
Hi 
(b) — (c)tlpK, (d) none of these 
n 


4. A buffer of acetic acid (pk, ~ 4.8) with sodium acetate will 
be, when CH,COOH and CH,COONa are present in 
equivalent amounts has pH limits equal to: 

(a)0t04.8 (b)3.8to5.8 (c)4.3to5.3 (d) 4.8 

5. Buffer capacity is maximum when: 

(a) one mole of NHC is added to two moles of NH {OH 
(b) one mole of NH,Cl is added to one mole of NH,OH 
(c) one mole of NHC is added to one mole of NaOH 
(d) one mole of NaCl is added to one mole of NaOH 

6. Abuffer solution is prepared by mixing equal concentration of 
acid GonisaHionic constant Mt Kg es a salt. The pH of buffer is: 

[FEE (Orissa) 2008] 
{a)pK, +7 (b)14—pK, (c) pK, (d) pK, +1 


e Passage 2 


When a salt reacts with water to form sie or basic solution, the 
process is called hydrolysis. The pH of salt solution can be 
calculated using the following relations: 


pH= Ls PO oa ta pK, + log Cj 
(for salt of weak acid and song base.) 
=5 10K, — pK, - log C} 
(for salt of weak base and strong acid.) 
== [PK y + pK, ~ pKy] 


(for salt of weak acid and weak base.) 
where, ‘C’ represents the concentration of salt. 


~ 3. 50 mL 0.1 Mf NaOH is added to 50 mL of 0.1 M4 CH,;COOH 

solution, the pH will be: 
(a) 4.7447 (b) 9.2553 (c) 8.7218 (a) 1.6021 

4. 1 mole CH,COOH and | mole CH,COONa are dissolved in 
water to for 1 litre aqueous solution. The PH of the renane 
solution will be: oe coyatih 
(a) 9.2553 (b) 4.7447 (c) 14 @ 7 

5. When 50 mL of 0.1 44 NaOH is added to 50 mL of 0.05 4 
CH,COOH solution. The pH of the solution is: 
(a) 1.6021 (b) 12.3979 (c) 4.7447 —@ 8.7218 


e Passage 3 


An acid-base titration consists of the controlled addition of a 
dissolved base to a dissolved acid (or the reverse). Acid-base react 


rapidly to neutralize each other. At the equivalence point, enough 


titrant, the solution being added, has gone into make the chemical 
amounts of the acid and base exactly equal. The pH of a titration 
changes every time a drop of titrant is added, but the rate of this 


change varies enormously, A titration curve, graph of pH as a_. 


function of the volume of titrant, displays in detail how the pH 
changes over the course of an acid-base titration. Significantly, the 
pH changes most rapidly near the equivalence point. The exact 
shape of a titration curve depends on the K, and K,, acid and base. 
Answer the following questions: 
1, The following figure represents titration curve of HCl against 
NaOH. The pH at equivalence point will be: 


Equivalence 
ow point 
pH 


1 eine rr ane 


Volume of NaOH added —_ 
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(a)7 (b)6 (c)8 — d3 _. solution so called is acid rain. Sulphur dioxide dissolves in water to 


Examine the titration curve below: . form diprotic acid in aqueous solution. © 
: . SO,(g)+ H,O(1) == HSO; se Les =107.M 
HSO; == SOS + H*, K,,=10'M 
and for equilibrium, , 
SO,(aq.)+ H,O(1) == SO; (aq.) + 2H* (aq.); 
K, =K,, x Ky, = 10° at 300 Kat 27°C 
Answer the following questions: 


1. Which of the following reagents will give white precipitate 
with the aqueous solution of sulphurous acid? 


(a) NaCl (b) KCl (c) BaCl, (d) HCl 
2. The pH of 0.01 M aqueous solution of sodium sulphite will be: 


20 400©«©660— 80 (a) 8.5 (b) 9 (c) 4.5 (d) 9.5 
es ? Veltume-ef acid-added —»———— 3. ~The -dominant-equitibrium ir ar aqueous solution of sodium" 
"Ais wer the questions 2, 3 and 4 on the above curve. ——————hydrogen-sulphite is: a. 
2. Which of the titrations could it represent? 2HSO; (aq.) = SO,(ag.)+ so} (aq) A H,0() 
- (a) HCl by KOH (b) RbOH by HBr The equilibrium constant for the above reaction is: 
(c) HCI by NaOH - (d) NH, by HNO, (a) 10 (10° ©) 10° @ 10" 
3. The suitable indicator for this titration will be: 4. Which among the following statements is correct? 
(a) bromothymol blue (b) methy! orange (a) CO, gas develops more acidity in.rain-water than SO)... 
- (c) methyl red (d) all of these (b) 180; is less acidic than H,SO, 
4. The pH at equivalence point is: (c) HNO; is less acidic than HNO, 
(a) 11 (b)7 (c)3 (d)2_- (d) SO, (g) is reduced in the atmosphere during thunderstorm 
5. Which of the following curves indicates the titration of a weak ot 
diprotic acid by NaOH of equivalent strength? @ Passage 5— 


The product of the concentrations of the ions of an electrolyte 
raised to power of their coefficients in the balanced chemical 
eguation in the solution at any concentration. Its value is not 
constant and varies with change in concentration. Ionic product of 
the saturated solution is called solubility product K .,. 

-(i) When K,,=K,,, the solution is just cinivaied and no 
precipitation takes place. 

{u) When. K,,<K,, .the solution - is unsaturated . and 
precipitation will not take place. 

Volume of NaOH added Volume of NaOH added _ (it) When Ky>K,, the solution is Re elas rated and 

3 ; ; precipitation takes place. 

(a) ; (6) Answer the following questions: 

1. The solubility product, K,,, of sparingly soluble salt Aes at 
25°C is 2.5 x 10°°. The solubility of the salt in mol L”! at this 
temperature is: 

(a)1x10"* (b)5x10% = (c) 1.25 10° (d) 5x 10° 
2. Which of the following is most soluble? 
(a) Bi, (K,=1x10) (6) MnS(K, =7x 10°) 


(c) CuS (K, = 81077). @) Ag,S (K,, = 6 10") 


pk pK 


Volume of NaOH added Volume of NaOH added 3. The concentration of Ag* ions in a given saturated solution of 
- () . (a) AgCl at’ 25°C is 1.06 10° g ion per litre. The solubility 
product of AgCl is: 
& Passage 4 (a) 0353x107"? (b) 0.530 x 10° 
: -10 -10 
Acid rain takes place due to combination of acidic oxides with (c) 1.12 x 10 (d) 2.12 x 10 

water. In atmosphere, sulphur dioxide and nitrogen monoxide are 4. When equal volumes of the following solutions are mixed, 
oxidised to sulphur trioxide and nitrogen dioxide respectively, which precipitation of AgCl (K,, =1.8x 10°'°) will occur only 

react with water to give sulphuric and nitric acid. The resultant with: , 


nn RO -issociation-of weak-electrolyte (weak-acid)-is- ae in 


TONIC EQUILIBRIUM 


(a) 10% MAg* +10-* M C1~ 
(b) 10° M Ag* +105 M C17 
(c)10°° M Ag*+10°° M Cl~ 
(d) 107° Ag*+10°° Mci~ 
5. When HCI gas is passed through saturated NaCl solution, the 
ionic product of NaCl is exceeded because of: 
(a) increase in Cl” ion concentration — 
(b) increase in Na” ion concentration - 
(c) decrease in the NaCl concentration 
(d) decrease in Cl” ion concentration 


6. If the solubility of Li,Na,(AIK,), is x the ie , then. its 
solubility product is equal to: ; 


735 
Answer the following questions: 
"4. The basicity of phosphoric acid is: 
(a) 1 (b) 2 (c)3 (d) 4 
2. The state of hybridization of phosphorous in phosphoric acid 
is: 
(a) sp (6) sp* (¢) sp’ (@) sp*d 
3. The removal of PO}” in qualitative analysis of basic radicals is 
made by using a buffer solution of: 
(a) HCO; and CO? (b) CH,;COO™ and CH,COOH 
(c) NH; and NH,OH (d) none of these 
_4,. What is the molarity of phosphoric acid used in soft drinks? 
(a) 5.1x10° (b)1.5x107 (c)3.1x10% (d) 2.1% 107 


3 3 8 8 5. Which among the following relations is correct? 
(a) 12x (b) 18 _(c)x (d) 2916 (a) K,, <K,, « <Ke () K,, > Ka, > Ke, 
@ Passage 6 _ . ae OKs, ie Ke, a7 _@) Ka >K, SRE. = 


terms of Ostwald dilution law. Stronger is the acid, weaker is its 
conjugate base. The dissociation constants of an acid (K , ) and its 
conjugate base (Kare related by the given relation: 
K wm K a xK b 
At 25°C, K,, (Ionic product of water) = 1074, 


Phosphoric acid is a weak acid. It is used in fertilizer, food, 
detergent and toothpaste. Structure of phosphoric acid is: 
0 
‘a 
nea ee (pK, 277.21, pKa, 


O12 29K, = 12.32) 


OH 


Aqueous solution of phosphoric acid with a density of 1g mL} 
_ containing 0.05% by weight of phosphoric acid is used to near tart 
taste to many soft drinks. 


Phosphate ion is an interfering radical in qualitative aie It 
should be removed Jee analysis aed third group of qualitative 


analysis. 


pK, = 2.21 
on dissociation constant of conjugate base of H,PO, will 
(a) 6.45x 10° (b) 1.62 x 10°? 
(6) 3.48x 1072 (d) 4.62 x 107? - _ 
(Hi: pK, = 2.21 
K,, = antilog (— 2.21) 


= 6.165 x 107 
K,, (of conjugate base) = Sw 
‘0 
~ 6.165 x 10? 
=1.62x 1077] 


Passage I. . 


© 2. (b) 3. 

” Passage 2. L (dd) 2. (a) 3. 
— Passage3. 1. (a) 2. (b) 3. 
_ Passage 4. 1. (c) 2. (d) 3. 
PassageS. 1. (d) 2. (b) 3. 
- Passage 6. 1. (c) 2. ©) 3. 


4. (b) 5, (b) 6. () 
4. (b) 5.) 

ar) 5. (a) 
4. (b) 
4. (a) 5. (a) 6. (d) 
4 (a) 5. (b) . 6. (b) 
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@ SELF ASSESSMENT @ 


ASSIGNMENT NO. 10 


SECTION-I 


Straight Objective Type Questions 


This section contains 7 multiple choice questions. Each 


(a) the pH of its saturated solution will be 10.3 

(b) its solubility will decrease in a buffer medium of pH = 9 
(c) its solubility will increase in a buffer medium of pH = | 
(d) its solubility is unaffected by pH of the medium 


question has 4 choices (a), (b), (c) and (d), out of which only 10. Which of the following salt solutions will be basic? 
one 18 correct, =. ; * (a) NaCl (b)NaCN (c)K,CO, = (d) NH, NO, 
1, When 50 mL of 0.1. NaOHis mixed with 50 mL of 0.05 M 11. Which of the following salts will not undergo hydrolysis? 
CH;COOH solution, pH becomes: : (a) NaCl (b) KCI (c) NH,Cl_~ (d) CH,COONa 
Ae ee 12. Which of the following mixtures will be buffer? 
Oe a . ‘A (a) CH,COOH + CH,COONH, 
peace 2. If the degree of dissociation of water at 90°C is 1.28x 10 | (>) HCl+ NaCl. rane 
then the ionisation constant of water at 90°C is: 216) Borax bone atid cians = = _ 
752x107 MO (b) 9.07x 10° M —_ (@) CH,COOH + CH,COONa 
(c} 1.28 1074 M (d) 1.38x 107" M 
3. How much water from 5 litre of 10° M HCI should be SECT lON- HM 
evaporated to change its pH by 2 units? Assertion-Reason Type Questions 
(a) 1.5 litre (6) O.5 litre (c) 2.54 litre (d) 4.95 litre This section contains 5 questions. Each question contains 
4. Which among the following cannot exist in an aqueous solution? Statement-1 (Assertion) and Statement-2 (Reason). Each 


(a) NH; 
(c) NO; 


(b) NO; 
(d)NH; 


. The pH of an HCI solution is 2. Sufficient water is added to 


make the pH of new solutions. 
coricentration is reduced: 
(a) ten fold 

(c) thousand fold 


The hydrogen ion 


(b) seven fold 
(d) hundred fold 


. Consider the following statements: 


I. HNO, (strong acid) behaves as a base in HF. 

II. H,SO, dissociates to a small extent in glacial acetic acid. 

It. CH,COOH (a weak acid) behaves as strong acid in 
NH, (/). Select the correct alternate for these statements: 

(a) I, IL, and Il (b) I and III 

(c) Il and III (d) I and II 


. The solubility of 4,X, is x mol dm” *. Its solubility product is: 


(a) 36x° 
(c) 126 x’ 


(b) 64 x 10° x’ 
(d) 1.25 x 10° x” 


SECTION-II 


Multiple Answers Type Objective Questions 


8. 


During the titration of mixture of NaOH, Na,CO, and an inert 

substance against hydrochloric acid: 

(a) phenolphthalein is used to detect the end point when NaOH 
is completely neutralized and half of Na,CO, is neutralized 

(b) methyl orange is used to detect the final end point 

(c) methyl orange is used to detect the first end point 

(d) phenolphthalein is used to detect the final end point 


. Solubility product of the hydroxide M (OH), is 4x 10°, 


Select the correct statement(s) among the following: 


13. 


14. 


15. 


17. 
~ diluted, then its degree of hydrolysis does not change. 


question has following 4 choices (a), (b), (c) and (d), out of 

which only one is correct. 

(a) Statement-1 is true; statement-2 is true; statement-2 is a 
correct explanation for statement-1. 

(b) Statement-! is true; statement-2 is true; statement-2 is not 
a correct explanation for statement-1. 


‘(c) Statement-1 is true; statement-2 is false. 


(d) Statement-1 is false; statement-2 is true. 
Statement-1: Mixture of CH,;COOH and CH;COONH, is not 
a buffer solution. 
; Because 
Statement-2: Acid buffer contains the mixture of weak acid 
and its salt with strong base. ; 
Statement-1: Addition of NH,OH to an aqueous solution of 
BaCl, in the presence of excess NH, Cl, precipitates Ba(OH),. 
Because 
Statement-2: Ba(OH), is soluble in water. 
Statement-1: pH of blood does not change inspite of taking 
acidic foods. 
Because 


' Statement-2: Blood behaves as buffer solution. 
16. 


Statement-1: Borax forms alkaline aqueous solution. 
Because 

Statement-2: Borax is the salt of a weak acid (HBO, Jand a 

strong base (NaOH). 

Statement-1: When the aqueous solution of CH,COONH, i is 


Because 
Statement-2: It is the salt of a weak acid and a weak base 
hence its degree of hydrolysis does not depend on the 
concentration. 


lonic EQUILIBRIUM - 3 eee crm eT) 


18, Match the Column-I with Column-I:” | 


SECTION-IV Colimn-I Column-Il 
Matrix-Matching Type Questions ore _ (Salt solution in ; (Nature of 
This section contains 3 questions. Each question contains water) hydrolysis) 
statement given in two columns which have to be matched.’ -. (a) NaCl (p) Cationic hydrolysis 
Statements (a, b, c and d) in Column-I have to be matched with (b) CH, COONa (q) Anionic hydrolysis 
statements (p, q, r and s) in Column-II. The answers to these (c) NH,CN (r) Both cationic and anionic hydrolysis 
questions have to be. appropriately bubbled as illustrated in the (d) NH,Cl (s) Does not undergo hydrolysis 
following examples: ‘19, -Match the Column-I with Column-II: 
If the correct matches are (a-p,s); (eas: (c-p.q) and (d-s); Comet: Colamncil 
then correct bubbled 4 x 4 matrix should be as given: Paes 
(a) H,PO, (p)Dibasic 
(b) H,PO, (q} Monobasic 
(c) H,PO, (r) Tribasic 
(d) H,BO, (s) Aprotic 
20. Match the Column-I with Column-II: 
A Coho Cotman. 
: a (Salt). (Degree of hydrolysis) 
(a) NH,C1 (p) No hydrolysis 
(b) NaCl (qyvh= Be 
Cc 
(c) CH;COONa (h= Ky 
; . \ CK, 


(d)CH,COONH, —(s)k= JK, 


1. (b) 2 (a) 3. (a) 4, (d) 5, (c) 6. (a) 7. (d) 8, (a,b) 
9. (a,b,c) 10, (b,c) 11. (a,b) 12. (c,d) 13. (d) 14. (d) 15, (a) - 16. (a) 
17. (a) 18. (a-s) (b-q) (cr) (d-p) 19, (a-q) (b-r) (c-p) (d-q, s) 20. (a-q, 1) (b-p) (c-q) (d-s) 


Several chemical reactions involve transfer of electrons from 
one chemical substance to another. These electron-transfer. 
reactions are termed oxidation-reduction or redox reactions. 
Redox reactions play a vital role in our daily life. These reactions 


“are accompanied by energy changes in the’ fori of heat, light, 


electricity, etc. Generation. of electricity in batteries, production 
of heat energy by burning chemical substances, extraction of 
metals such as sodium, aluminium, iron, etc., manufacture of a 
number of useful products such as caustic soda, potassium 
permanganate, etc.; electrodeposition or electroplating are 
common examples of redox reactions. Before we discuss the 
application of redox reactions in the production of electricity in 
different cells and the electrolysis phenomenon, it will be proper 
to study first the basic concepts of oxidation-reduction. The 
present chapter deals with the basic fundamentals of 
oxidation-reduction. . 


-14.1. MOLECULAR AND IONIC EQUATIONS 
Consider the reaction between solutions of ferric chloride and 
stannous chloride. When they are mixed, ferrous chloride and 


stannic chloride are formed. The chemical change can be 
represented by the following equation: 


2FeCl, + SnCl, = 2FeCl, + SnCl, 


The reactants and products have been written in molecular 
forms; thus, the equation is termed as molecular equation. 
Since, the reactants and products involved in the chemical change 
are ionic compounds, these will be present in the form of ions in 
the solution. So, the above chemical change can be written in the 
following manner also: 


2Fe3* + 6Cl” + Sn2* +2CI- > 2Fe?* + 4CI- + Sn* + 4C1- 
or. 2Fe** + Sn?* —> 2Fe** +Sn** 


The ferric ions combine with stannous ions to form ferrous 


ions and stannic ions. This is an ionic equation for the above 
chemical change. 

Ionic equations represent chemical changes in terms of ions 
which actually undergo reaction. The ions which do not undergo 


“any electronic change during a chemical change are termed 


spectator ions. The spectator ions are not included in the final 
balanced equations. 

The rules to be followed for writing ionic equations are: 

(i} All soluble ionic compounds involved in a chemical change 
are expressed in ionic symbols and covalent substances are 
written in molecular form. H,O,NH,, NO,, NO, sa 
CO,, etc., are expressed in mclecilat form. 

(ii) The ionic compound which is highly insoluble is 
expressed in molecular form. 

(iti). The ions which are common and equal in number on both 
sides, i. e., spectator ions, are cancelled. 

(iv) Besides the atoms, the ionic charges must also be__ 
balanced on both the sides. 
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Example 1. Write the following equation in ionic form. 
MnO, + 4HC1——> MnCl, + 2H,O + Cl, 

Solution: In this equation HC! and MnCl, are ionic in 
nature. Writing these compounds in ionic form, 
MnO, + 4H* +4Cl” =Mn7* +2Cl” + 2H,0+Cl,. 

2Cl” ions.are common on both sides; so these are cancelled. 
The desired ionic equation reduces to, 
MnO, +4H* +2Cl” =Mn™* +2H,0+Cl, 
Example 2. Represent the following equation in ionic form. 
K,Cr,0, + TH,SO, + 6FeSO, = 3Fe,(SO,)3 + Cr (SO, )3 
+ 7H,0+ K,SO, 
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Solution: In this equation except H,O, all are ionic in 


nature. Representing these compounds in ionic forms, 


2K * +CrOF +14H* +7807 + 6Fe* + 6SO7 —> 


6Fe** +9807 +2Cr** +3807 + 2K* + SO7 +7H,O 


2K* ions and13SO} ions are common on both sides, so these 
are cancelled. The desired ionic equation reduces to, 
Cr,07 +14H* + 6Fe** =6Fe** + 2Cr>* +7H,O 


Total charges are equal on both sides; thus, the balanced ionic 
equation is the sarne as above. 


“Example 3. 


Write the balanced ionic equation for the 


reaction es sodium bicarbonate with sulphuric acid. 


OXIDATION AND REDUCTION 


Early Ideas of Oxidation and Reduction: The term oxidation 
was first used to describe chemical reactions in which oxygen * 
was added to an element or a compound. The phenomenon of 
combustion was the earliest example of oxidation. Later on the 
term oxidation was extended to describe many more reactions 
which occurred without the use of even oxygen. 
Oxidation is a process which involves: - 
(a) Addition of oxygen: 
2Mg + O7 = 2MgO 
S+0, =SO, 
2CO + O; =2CO, (Oxidation of carbon monoxide) 
Na,SO, +H,O; =Na,SO, +H,O 


(Oxidation of sodium sulphite) 


(Oxidation of magnesium) 


‘(Oxidation of sulphur) 


(b) Removal of hydrogen: 


NaHCO, + H, 250, _—>Na,SO, + H,O+CO, 
NaHCO, H,SO, and Na,SO, are ionic ‘compounds; so 
~ these are written in ionic forms. 


Na*+HCO3 +2H* +8025 2Na* +SOr +H, 20+ C0; 


Na* and so? ions are spectator ions; hence these shall not 
appear in the final equation. : eee 


HCO; + 2H* —>H,0+ co, 


To make equal charges on both sides, HCO; should have a 


coefficient Zi 
2HCO; + 2H * —_>+H,O+ CO, 


In order to balance the hydrogen and carbon on both sides, the 


molecules of H,O and CO, should have a coefficient 2 © 


respectively. 
2HCO; + 2H * =2H,0+ 2CO, 
or HCO; +H" =H 20+ CO, 
This is the balanced ionic equation. : 
a Example 4. Write the following ionic equation in the 


. soleil form if the reactants are chlorides. 


2Fe** + Sn?* —-»2Fe”* + $n* 
Solution: For writing the reactants in molecular forms, the 
requisite number of chloride ions are added. 


oFe** + 6Cl & Sa?” 4 OC 


or 2FeCl, + SnCl, 
Similarly 8Cl~ ions are added on RHS to neutralise the 
charges. 
2Fe** + 4Cl + Sn“ + 4c 
or 2FeCl, + SnCl, 


Thus, the balanced molecular equation is 
2FeCl, + SnCl, = 2FeCl, + SnCl, 


H,S+ Cl, =2HCI+S$ 
. ' (Oxidation of hydrogen sulphide)~ 
= 2H,0+ 21, 

(Oxidation of hyatogen ae) 
_4HCI + MnO; = Mn€l-+-2H,0+€l;° ---- 


(Oxidation of hydrogen chloride) 
© Addition of an electronegative element: 
 Fet+ S* =FeS (Oxidation of iron) 
SnCl, + Cl, = SnCl, 
2Fe +3F, = 2FeF, 
(d) Removal of an electropositive element: 
2KI + H,O, = 2KOH +1, (Oxidation of potassium iodide) 


2K,MnO, + Cl, = 2KC1+2KMn0, 


(Oxidation of potassium manganate) 
2KI + Cl, = 2KC1 +1, (Oxidation of potassium iodide) 
A substance which brings oxidation ‘is known as oxidising 


agent. The’ substances marked with asterisk sizn ) in. above 
equations are oxidising agents. 


Reduction is just the reverse of oxidation. © 
Reduction is a process which involves: 
(a) .Removal of oxygen: 
Cu0+ C* =Cu+CoO 
H,O+C =CO+H, 


Steam Coke 


4HI + O; 


(Oxidation of stannous chloride) 


(Oxidation of iron) 


(Reduction of cupric oxide) 

» (Reduction of water) 

Water gas : 

Fe,0, +4H, =3Fe+4H,O ~ 
(Reduction of magnetic oxide) 
(b) Addition of hydrogen: 
Cl, +H, = 2HCI 

_. S+H, =H,S (Reduction of sulphur) 

C,H, +H, =C,H, (Reduction of ethene) 

(c) Removal of an electronegative element: 
2HgCl, + SnCl, = Hg,Cl, + SnCl, 


(Reduction of mercuric chloride) 


(Reduction of chlorine) 


_ 740.) 


: “FeCl, +H, = ‘FeCl, + + 2HCI (Reduction of ferric chloride) 
2FeCl, +H,S° = 2FeCl, + 2HCl + § 


(Reduction of ferric chloride) 
‘-(d) Addition of an electropositive element: ; 


HgCl, + Hg = Hg,Cl,. (Reduction of mercuric chloride) 


-CuCl,"+ Cu* = Cu,Cl, (Reduction of cupric chloride) 


The substance which brings reduction is known as reducing 
agent. The substances marked with asterisk sign (*) in the above 
equations are reducing agents. 

A substance, which undergoes oxidation, acts as a 
reducing agent while a substance, which undergoes 
reduction, acts as an oxidising agent. 

Mg, S, Cu, Na,SO,, H,S, HI, Hy, C, KI are reducing agents, 
while O,, Cl.,F,, H,0O,, MnO,, FeCl,, CuCl,, Fe,;0,, CuO, 
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[Fe(CN) 5 ]**” —> [Fe(CN),]* +e 
MnOZ ——> MnO; +e 
Examples of reduction reactions are: 
Cl, +2e—> 2Cl™ 
S+2e—> S$?" 
Cu?* +2e—>Cu 
MnO, +8H* +5e——> Mn”* +4H,O 
Cr,05~ +14H * + 6e— > 2Cr** +7H,O 
' H,O, +2H* +2e—>2H,0 


Oxidation and reduction can be represented in a general way 
as shown below : 
Loss of electrons 


——> Oxidation 


__.___Alll oxidation_and_reduction_reactions_are-complimentary_of. 
. one. another and occur simultaneously, one cannot take place 
without the other: No single. oxidation and no single reduction 
process is known. The simultaneous oxidation and reduction 

- reactions are generally termed as redox reactions. 


_2FeCl, + SnCl, . <>. 2FeEl, +.$nCly ........ 


Bo 
i. Fe? 4 Sn 


— > 2Fe* + Sn4* 


-In above example i iron undergoes reduction from +3 to +2 and 
tin undergoes oxidation from.+2 to +4. - 

Redox reactions are divided into two mairi types: 

’ (i). Intermolecular redox: In ‘such, redox reactions, one 


molecule of reactant is oxidised Whereas. molecule of other 
reactant is reduced. . 


e.8.» NO} +H)S+H,0+H" SNe +HS0, 
"_- Oxidised 


Reduced nee Soe a “i ae a 


(ii). Intramolecular redox: _ One’ atom of a molecule. is 


oxidised and other atom of same molecule is reduced then it is .. 


intramolecular redox reaction. | 
eg, 2Mn,0, —> 4Mn0, - + 30, at 


4133 MODERN CONCEPT OF OXIDATION 


AND REDUCTION 


According to the modem concept, loss of electrons is oxidation 
whereas gain of electrons is reduction. 
Examples of oxidation reactions are: 
Na——>Na* +e 


Zn —>Zn”* +2 
Fe** — > Fe** +e . 
Sn**,—> Sn** +2e 

H,O, 90, +2H* +2e° 
28,07 —»S,O2 +2e 


-e —é@ -e ~e@ -@ -e -e '-€ 
SS SSS SSS SS SS SS aa 
4- 3- 2- 1- O° tt 2+ 3+ 44 
M M M M M M M M 
te te te .te te +e te te 
Reduction < 


Gain of electrons 


fi a 1 redox process the valency of the involved species 
changes. The valency of a reducing agent increases while the 
valency of an oxidising agent decreases in a redox reaction. The 
valency of a free element is taken as zero. 
Increase in valency — 
—_————>» Oxidation 


10,+14+2,4+3,+4 


—4, -3,-2,- 
Reduction — 2 
Decrease in valency 


. When ‘there is no change i in oe it means there is no 
oxidation or reduction, e.g:, in’ 


BaCl, + H,SO, — BaSO, + 2HCl” | (No change 
BaSO, —> Ba** + soz". ed 
Conclusions a 
on) Oxidation is a process in which one or moré electrons are 
-lost‘or valency of the element increases. : 
«iy Reduction i isa pyocess in which one or more Ziectoris are 
‘gained or valency of the element decreases. Ao 
“Gi: Oxidising agent is a material which can gain one or more — 
_.. ‘ebéctrons, i, ‘e., valency decreases. 
: “Wy ‘Reducing agent is a material which can lose one or more 
“* eléctrons, i’e:, valency increases. 
- (vy: Redox. reaction involves two half reactions, one 
fe es involving loss of electron or electrons (oxidation) and the . 
‘other. involving gain of electron or electrons (reduction). 


Examples: —.2e 
: : Oxidation | 
1. 2Hg”* + Sn?* —» Hg3* + Sn** 
= 3 +2e 
Reduction 


~ OXIDATION AND REDUCTION. 


+ 2e 
Reduction 
- Sn?* + 2Fe?* ——~» 2Fe** + Sn* 


| = 
Oxidation 


. +2e 
Reduction 
3. . 28,02 +1, —» 8,02 
- 2e 
Oxidation 


ION-ELECTRON METHOD FOR . 
-BALANCING REDOX REACTIONS 


+2)- 


11.4 


—————The method for balancing redox reactions by 


| 741 
H,S—> 2H * +8422" 
Fe** + ¢——» Fe** 


3rd step. Balancing electrons in both the half reactions, 
H,S— > 2H* +S+ 2e 


2Fe** + 2e—> 2Fe** 
4th step. Adding both the half reactions, 


H,S + 2Fe** —-» 2H* +S$+2Fe”* 

Converting it into molecular form, ‘ 
HS + 2Fe** + 6Cl —> 2H* +2Cl” +$+2Fe™ +41 
or HS +2FeCl, —>2HC1+S+2FeCl, 
(b)__-Cu+ aaa NOS HO 


following steps: 

(i). Write down the tedox reaction in ionic form. 

' (ii) Split the redox reaction into two half reactions, one for 
oxidation and the other for reduction. 

(iii) Balance each half reaction for the number of atoms of 

each element. For this purpose: 
' (a) Balance the atoms other than-H and O for each half 
reaction using simple multiples. . 

{b) Add water molecules to the side meena in oxygen and 
H* to the side deficient in hydrogen. This is done in 
acidic or neutral solutions. 

(c) In alkaline solution, for each excess of oxygen, add one 
water molecule to the same side and two OH ~ ions to the 
other side. If hydrogen is still unbalanced, add one OH ~ 
ion for each excess hydrogen on the same side and one 
water molecule to the other side. 

(iv) Add electrons to the side deficient in electrons as to 
equalise the charge on both sides. _ 

(v) Multiply one or both the half reactions by a suitable 
number so that the number of electrons become equal in 
both the equations. 

(vi) Add the two balanced half reactions and cancel any term 
common to both sides. 

The following solved problems illustrate the various steps of 

ion electron method: 


ss Example 5. Balance the following equations by ion 
electron method. 


(a) FeCl, + H,S —» FeCl, + HCI+S 

(b) Cu+HNO, —3Cu(NO,), +NO+H,O 

(c)  -KI+Ch, —»KCI+1, 

(d) MnO, + HCl —> MnCl, + H,0 + Cl, 

(e) H,S + HNO, —>H,SO, +NO, +H,0 

Solution: (a) FeCl, + H,S——» FeCl, +HC1+8 
Ionic equation, Fe** + H,S——> Fe** +H* +S 


Ist step. Splitting the redox reaction into two halt reactions, 


H,S—»2H++S' — Fe** ——»Fe** 
(Oxidation half reaction) (Reduction half reaction) 


2nd step. Adding electrons to the side deficient in electrons, 


——fonic-equation, ~~~ 


Cu+H* +NO; —> — > Cu** + NO+H,O 


Ast step. Splitting into two half reactions, a 


Cu—>Cu* ; NO} +H + NO+H,0. 


(Oxidation half reaction) ~~~ 


2nd step. Adding H* 
Ca — Cu abe 


ions. to the side deficient in hydrogen, 
NO; + 4H* — > NO+ 2H,0 
3rd step. Adding electrons to the side deficient in electrons, . 
Cu —> Cu** +.2e; NO; +4H* +3e—> NO+2H,0 
. 4th step. Balancing electrons in both half reactions, 
3Cu —>3Cu* +6e; 2NO; +8H* +6¢—>2NO+4H,0 
5th step. Adding both the half reactions, © | 
3Cu + 2NO; + 8H —>3Cu** +2NO+ 41,0 
Converting it into molecular form, — 
3Cu + 2NO; +8H* +6NO; —>3Cu”* + NOs + NO 


.+4H,0 | 
or 3Cu+8HNO; ——>3Cu(NO,), +2NO+ 4H,0 
(c) _KI+Cl, —+ KCl +I, 
Ionic equation, IX + Cl, —>Cl™ +1, 
Splitting into two half reactions, . 


Cl, 9 CI- 
(Reduction) 


IX ——I, ; 
(Oxidation) 
Making number of-atoms equal, . 
Cl, —> 2cl 
Adding electrons to the sides deficient. in electrons, 
217 —+91,+2e; Cl, +2e—>2cr. 
Adding both the half reactions, 7 
~'+Cl, —oI, + 2Cl" 


Converting it into molecular form, 


“edection half feaction) aia al 
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“SOK £06 Cl, mast Cl IK 
or OKI +Cly — S31, KCI © 
~ (d) = MnO, + HCl—— MnCl, + ae Cl, 


Ionic equation, 
MnO, +H* +Cl- 25M H,0+ Cl, 


Ast step. Splitting into two half reactions, 
Cl —>Cl, ; MnO, +H* —>Mn* +H,0 


(Oxidation half reaction} (Reduction half reaction) 


2nd step. Adding H * ions to the side deficient in hydrogen, 


— Cl —>Cl, ; MnO, +4H* —> Mn” +2H,0 
3rd step. Making atoms equal on both sides, . 


2c —->Cl,; MnO, +4H* ——> Mn”* + 2H,0 


xample 6. Balance the following equations by ion 
electron method: 


(a) MnO; + Fe** +H* —+»Mn™ + Fe** +H,O0 
(b) MnO; +C,07> + H* —>Mn** +CO,+H,0 
(c) CrO? +17 +H*—3Cr™ +1, 4+H,0 
(d) CRO +80, +H * —>Cr* + HSO,; +H,0 
(e) 1, tOH~ —>310] +17 +H,0 
(f)  Cl,+10; +OH™ —>10{,+Cl”+H,0 


Solution: 
(a) MnO; + Fe** +H* —> Mn™ +Fe** +H,O 


—————#th step. Adding electrons to thie sidé déficient in electrons, 


MnO, +4H* +2e——> Mn”* + 2H,O 
Sth step. Adding both the half reactions, 
2Cl” + MnO, + 4H* —> Cl, + Mn 2+ 4 2H,0 
, Converting.it into molecular form, -.-.-.-- -< -- - 
MnO, + 2Cl” +4H* +2Cl” >Cl, + Mn” +2Cl” + 2H,0 
or MnO, +4HCl——> MnCl, +Cl, + 2H,0 
(e) H,S + HNO, ——> H,SO, +NO, + H,O 
Ionic equation, 
H,S + NO; —> NO, +H,0 
ist step. Splitting inta two half reactions, 
H,S—>S02 ; | NO; —3NO, +H,0 


(Oxidation half reaction) (Reduction half reaction} 
2nd step. Add water to the side deficient in oxygen, 
. H)S + 4H,O—> SOF +10H* | 
3rd step. - Add H" ions to the side deficient in hydrogen, 
NO; +2H* ——-NO, +H,O 
4th step. Add electrons to the side deficient in electrons, 
 -HLS+4H,O—> SO?" +10H* +8e 
NO, +2H* +e—>NO, +H,0 
Sth step. Balaricing electrons in both the half reactions, 
H,S + 4H,O-—» S07 +10H* +8e 
_[NO, + 2H* + e—> NO, + H,01x8 
6th step. Adding both the half reactions, 
H,S+4H,0+8NOQ; + 6H * —»SO% +8NO, +8H,O 
or H,S+8NO; + 6H* ——>SO7 + ane: +4H,O 


Converting it into molecular form, 
H,S+ BANC: —_ H,SO, + see + 4H,O 


eS 


2C1Y” —3Cl, +2e 0 — 


cokaie are aaeae Pear half os 


2nd step. Adding hydrogen ions to the side deficient in 
hydrogen, 


MnQ; +8H* —> Mn™ +4H,0_ 


3rd step. Adding electrons to the sides deficient in 
electrons, 


~-MnO; +8H* +5e—> Mn” + 4H,0 
. Fe?* ——» Fe** 
4th step. © Balancing electrons in both half reactions, 
MnO; +8H* +5e—> Mn”* +4H,0 
5Fe?* —>5Fe** +5e 
5th step. Adding both the half reactions, . 
MnO; +8H* +5Fe?* —+Mn7* +5Fe** +4H,O » 
(b) MnO; +C,02 +H* —5Mn** +CO, +H,0 
Splitting into two half reactions, _ 
. MnO; +H* —>Mn7* +H,O; C,07 —~»2CO, 
Balanced as in Question (a), 
MnO; +8H* +5e—> Mn*™ +4H,O 
C,07 —> 2C0, +2e 
Balancing electrons in both half rea.ons, 
2[MnO; + 8H* +5e—> Mn** + 4H,O}; 
5[C,07° —— 2CO, + 2e] 
Adding both the half reactions, 


2MnO, +16H* +5C,07 —— 2Mn”** +10CO, +8H,O 
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-(c) Cr, 07" +17 + H*—> Cr** +1, +H, O 
Ist step. Splitting into two half reactions, 
Cr,07 +H* —>Cr* +H,0 


(Reduction half reaction) 


rT — I, 
(Oxidation half reaction) 


2nd step. Adding hydrogen ions to the side deficient in 
hydrogen, 


Cr,02> +14H * —+Cr** +7H,O 
3rd step. Making atoms equal on both sides, 
Cr,07> +14H * —>2Cr** +7H,O ; 217 —>1, 


4th step. Adding electrons to the sides deficient in 
electrons, 


(c) 1, + OH” —>10; +I” +H,0 
ist step. Splitting into two half reactions, 
1, + OH” —>10; +H,0; 


(Oxidation half reaction) 


los: 
(Reduction half reaction) : 


2nd step. Adding OH ~ ions,. 
1, +120H” —> 210; + 6H,O 


3rd step. Adding electrons to the sides deficient in 
electrons, 


I, +120H ——> 210; + 6H,0+10e; I, + 2e—> 27 


4th step. Balancing electrons in both the half reactions, 
I, +120H” ——> 210, + ie 10e 


—2)- —>1,-+2e 


Sly t 2e7 ——» QI] 


Sth step. Balancing electrons, 
Cr, 02" +14H* + 6e —> 2Cr** +7H,O 


3Rr — iI, + 2e] 


6th step. Aiding both the half reactions, ' 
Cr,07° +14H* + 61> —> 2Cr** +31, +7H,O 
(d) Cr,07> + SO, +H * —>Cr** +HSO; +H,0 


Ss. 


ist step. Splitting into two half reactions, 
Cr,03° +H* —>Cr** +H,O; SO, —>»HSOj]- 


(Reduction half reaction) (Oxidation half reaction) 
2nd step. Adding H * ions to side deficient in hydrogen, 
Cr,03" +14H * —>Cr** +7H,O 
3rd step. Adding water to the side deficient in oxygen, 

SO, +2H,O—> HSO; +3H* 
4th step. Making atoms equal on both sides, 
Cr,02> +14H* —> 2Cr** +7H,0- 


Sth step. Adding electrons to the sides deficient in 


electrons, 
Cr,03- +14H *. + 6e —> 2Cr** +7H,0; 
SO, +2H,O—> HSO; +3H* +2e 
6th step. Balancing electrons in both the half reactions, 
Cr,02° +14H* + 6e —> 2Cr** +7H,O 
[SO, + 2H,O0—» HSO; +3H* + 2e}x3 
7th step. Adding both the half reactions, 
Cr,02" +5H* +380, —> 2Cr** +3HSOj +H,O 


5th step. Adding both the half reactions, 

61, +120H~ —> 210; +10I~ +6H,0 
Dividing by 2, | . 
$1, 60H =< 5107-251" 43H0% + 
(f) © Cl, +103 +OH ——>I0, +Cl” +H,O 
Ast step. Splitting into two half reactions, 


10; + OH” —->10; +H,0 ; 


C= SC) 
(Oxidation half reaction) 


(Reduction half reaction) 
2nd step. Adding QH ~ ions, 
| 10; +20H” —>I0; +H,O . 
3rd_ step. ee electrons to the sides deficient in 
electrons, 
10; + 20H” —> 10; +H,0 : 2e 
Cl, +2e— > 2C1". 


4th step. Adding both the half reactions; — 
10; + 20H” + Cl, —>10j +2Cl” + H,0 


445 OXIDATION NUMBER 
‘(Oxidation State) "OO 


It is defined as the charge (real or imaginary) which an atom 
appears to have when it is in combination. In the case of 
electrovalent compounds, the oxidation number of an element or 
radical is the same as the charge on the ion. This is the-real charge . 
and is developed by the loss and gain of electron or electrons. For | 
example, in the electrovalent compound, sodium. chloride 
(NaCl), the charge on sodium and chlorine is +1 and —1; 


_ respectively. The charges have been developed by the transfer of 


one electron from Na-atom to Cl-atom. Thus, in NaCl (Na*-Cl" ), 
the oxidation number of sodium is +1 and that of chlorine is -1. 
The oxidation numbers of atoms in covalent compounds can 


_ be derived by assigning the electrons of each bond to the more 


electronegative atom of the bonded atoms. For a molecule of HC! , 
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“both the electrons of the covalent bond are assigned to the We know that, Ox.no. of K = +1 
chlorine atom: since it is more électronegative than hydrogen. Ox.no. of O=—2 
Hoe Cl $ So, Ox.no. K + Ox.no. Mn + 4(Ox.no. 0) = 0 
Moro. or +] + Xs + 4(-2) =0. 
Thus, chlorine atom has one more electron than the neutral or ee x - 8 =0 
chlorine atom which brings one unit negative charge on chlorine. or y2e8- 1247 
The oxidation number of chlorine in this compound is —-1. The . : 
hydrogen atom has lost the only electron possessed by it, thus Hi oe Ox.no. of Mn in KMnO, is +7. 
acquiring one unit positive charge. The oxidation number of Similarly, for S in Na2S20,, 
hydrogen is, therefore, +1 in this compound. In the case of 2(Ox. no, Na). + 2(Ox. no. S) + 3(Ox. no. O) = 0 
covalent bond ‘between two identical atoms, ie, 2x (41) + 2x +3(-2) =0 
electronegativity difference is zero, the bonding electrons are re, 


shared equally between the bonded atoms, ie., no charge is 
developed on any of the atoms. Thus, the oxidation numbers of 
‘both chlorine atoms are zero in the molecule of chlorine. 


Hence, Ox.no. of S in Na,S,0, =+ 2. 


& imple 8. What is the oxidation number of Cr in 
KxCnm0,? (Ranchi ees 


és oe [In neutralchlorineatom, |] 
a0 ol <a “electro ns are present a. “Solution: Let the Ox Ox-no. of Cri in K,Cr,0, , be X. 
et ee a see [ i in the valency shell We know that, Ox.no. of K=+1 
Counting of electrons in this fashion is not convenient in many Ox.no. of O=— 
molecules and therefore the following. operational rules are So,  2(Ox.no. K) + 2(Ox.no. Cr) eas O)=0 
followed which are helpful and convenient in determining the +l) + ax) + 7-2) =0 
oxidationnumbers; or 42 - + 2x _ 14 =0 
(i) The oxidation number (Ox.no.) of an atom in free eee ee are 
elements is zero, no matter how complicated the . 
molecule is, hydrogen in H,, sulphur in S, phosphorus or ere = =+6 
in P,, oxygen in O, or O,, all have zero value of 2 


‘oxidation numbers. 
(ii). The fluorine, which is the most electronegative element, 
' has oxidation number —1 in all of its compounds. 
(iii) Oxidation number of oxygen is —2 in all compounds 
- except in peroxides, superoxides and oxygen fluorides. 
In peroxides (037 ), oxygen has oxidation number —1; in 


Hence, oxidation number of Cr in K,Cr, 0, is +6. 


Example 9. What is the oxidation number of Fe in 
K 4Fe(CN ),? 

Solution: | Let the oxidation number of Fe be x. 

We know that, Ox.no. of K=+1 


superoxides (O3 ), oxygen has oxidation number — 1/ Ze . Ox.no. of (CN)” =~1 
and in OF,, the oxygen has an oxidation number +2. _ So, 4(Ox.no. K) + Ox. no. Fe + 6(Ox.no. CN”) = 0 
(iv) The oxidation number of hydrogen is +1 in all of its 441) + x. + 6(—1) =0. 
compounds except in metallic hydrides like NaH, BaH,, or 44 + x = 6 =0 
etc. Hydrogen is in~1 oxidation state in these hydrides. he ae oe ee i 
(v) The oxidation number of an ion is equal to the electrical = PA a be PAA ee . 
- charge present on it. The oxidation number of iron in K,Fe(CN), is +2. 
(vi) The oxidation number of iA elements (Li, Na, K, Rb, Cs » . Example 10. | Find the oxidation number of 
and Fr) is +1 and the oxidation number of ILA elements (a) S inSOZ ion (b) S in HSO; ion 


(Be, Mg, Ca, Sr, Ba and Ra) is +2. 


5s ‘ c) Pt in(PtCl,)> i Mn in (MnO,) 
(vii) For complex ions, the algebraic sum of oxidation ie NO EO 


numbers of all the atoms is equal to the net charge on the Solution: (a) Let the oxidation number of S be x. 
; ion. : We know that,, Ox.no. of O=-2 
(viii) In the case of neutral molecules, the algebraic sum of the So, Ox. no. $+ 4(Ox.no. O) =--2 
oxidation numbers of all the atoms present in the or x + 4-2) =-2 
molecule is zero. or x - 8 =-2 
The following solved examples illustrate the application of the . 
above rules for finding out the pridadon number of an element in ae x=+8-2=+6 
_ Particular species: The oxidation number of S in SO} ion is +6. 
example 7. What is the oxidation number of Ma in (b)_Let the oxidation number of S be x in HSO3 ion. 
KMnO,, and of S in Na,S ,0,? 


We know that, Ox.no. of H=+1 


Solution: Let the Ox.no. of Mn in KMn0, be x. Ox no. of O=—2 
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So, Ox.no. H+ Ox.no. $ 43(Ox. no. O)=-1 


41 + x + 3(-2) =-!1 
or +1o00+ x = 6 =-l 
or a 5 =—]l 
or xa¢5-1e44 


- The oxidation number of $ in HSO; ion is + 4. 
(c) Let oxidation number of Pt be x. 
We know that Ox.no. of Cl = —1. 


[Ans. (a)} 
[Hint: Let oxidation state of S is x. 
. x+4(-2)=-2 
x=+6] 
2. Arrange the following in the increasing order of oxidation 
state of Mn: (CECE 2004) 
()Mn?* __, (ii) MnO, _ Gii) KMnO, (iv) K,Mn0, 


(a) @) > Gi) > (ii) > (iv) (DD @ < Gi) < GY) < (iti) 


sight appear strange. For example, the oxidation number of 
carbon in cané sugar (C,,H»»0j,), glucose (C6H}206), 
dichloromethane, etc., is zero. . 
Cane sugar (C15 Ho,0j, ) 
A2xx+22x14+11(-2)=0_ 
12x + 22-22=0 
So, x= 0 


Glucose (C,H, 0¢) 
6X x412x 14+ 6(-2)=0 | 
© @+12-12=0 

- So, x=0. 
Dichloromethane (CH5C1,). 
= xt2x1+%-N=0 
+ 2- 2=0. 


1. Oxidation state of $ in SO?-: 
(a) +6 , 
(c) +2 


[BCECE (\ediea 2005] 


ee Ox.na. Pts Ox.no: C)=—2 7 (c) (ii) < (iii) < () < (iv) ~~ @ Git) < @ < (iv) < (ii) 
, eee age oa [Ans. (b)] 
te ae SO Fs re [Hint: Mn?* <MnO, <K MnO, <KMn0, | 
or x = 6 =- (+2) (4) (46) (+7) 
or xx =+6-2=4+4 3. Which of the following has least oxidation state of Fe? 
=F The oxidation number of Pt in [P(Cl), 7 ion is + 4. CECE Luvs 
__(d) Let oxidation. numberof Mn_be-x. | (a) K3[Fe(OH),] 
—— (6) K,[FeO,] — —__~—~<—~S;7;7 Hl 
We-know-that,Ox.no.of O.=.=.2 (©) FeSO, -(NH,)>SO,*6H50 
So, - ; Ox. no. Mn + 4(Ox.no. 0) = —1 d) [Fe(CN), > 
Rice eie act eae (d) [Fe(CN)¢] 
ee a: a ae ; ne [Ans. (c)] 
>a {Hint: In mobr salt FeSO,-(NH,),5O,-6H,O, oxidation 
or (0 ye + 8-147 state of iron is +2 which is least. 
ne oxidation number of Mn in {[MnO,] ion is +7. K,[Fe(OH),]° ~ SE RO Be eae 
; ‘Example | 11: Which compound amongst the following has K[FeO, ] +2+x-8=0 x=+6 
t e highest oxidation number for Mn? FeSO, -(NH,).SO,-6H,O . +2 state in FeSO, (x -2=0) 
KMnO,,K,MnO,,MnO, and Mn,03. Fe(CN)>- yapees pene 
Solution: ; oe on ; . . 
KMnO, aes ot, Ox.no. of Mn 4; Oxidation state of carbon in HCOOH will be: 
xt? 0 #7 (a) +1 (b) +2 (c)-4 (d) 0 
K,Mn0O, +2 +X 8 =0 a 2 = : Fiona (b)] : 
ve £6 See .[Hint: Let the oxidation state of carbon be x. 
MnO, ‘x-4=0 ae 24+x-4=0 
: x=+4 . + 4 SH x= 2] 
pag x aa 3 e 3 5. Oxidation states of chlorine in HCIO, and HCIO, are: 
Deets a) 44,43) 47,45 (0) 43,44 (+5, 47 
Thus, the highest oxidation number for Mn is in KMnO,. Leas -(0)| 
Sometimes, oxidation numbers have such values which at first (Hint: HCIO,: +1+x-8=0, x=+7 


HClOg: +1+x-6=0, x=+5] 
: SPECIAL EXAMPLES OF OXIDATION 
STATE DETERMINATION 


1. Oxidation state of sulphur in Na,S,0,: tis only average 
oxidation number of sulphur. Let us see is structure of 


NaS 106: 
O 0 
+- T T — +> 
Na O—S—S—S—S—ONa 
1 1 
.@) O 


' From the structure, it is clear that the sulphur atoms acting as 
donor atoms have +5 oxidation number (each} On the other hand, 
the sulphur atom involved in pure covalent bond formation has 
zero oxidation number. 
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2. Oxidation number of sulphur in (CH; ), SO(dimethy] 
sulphoxide): Here, oxidation number O=- a! . oxidation 
number of each CH, group is +1. 

+2+x-2=Oorx=0 
Thus, sulphur lies in zero oxidation state. 


3. Oxidation number of sulphur in perdisulphurie acid 
H,8,0,: It may be done only when the structure is drawn. 


O O 
O—H 


T T 
H—O— S—O—O—S$ 
L + 
O O 
Oxidation number of S = x; oxidation number of H = +1; 
oxidation number of oxygen in peroxo linkage = —1; oxidation 
number of other six oxygen atoms = —2 each. _ 


x=+6 (oxidation number of sulphur) 


4. Oxidation number of sulphur in Pe Na,S8,0,: Let 
the average oxidation number of sulphur be ‘x 


+2+2x-6=0 


Structure of hypo may be drawn as— 
O 
+- T -+ 
Na S—S—ONa 
a 
O 
Here, the two sulphur atoms have different oxidation states: 
(i) Oxidation number of donor sulphur atom is +5. It gives 
up four electrons in coordination and one electron in 
covalent bond formation with oxygen. 
Gi) Sulphur, bonded with Na, lies in —1 state since one 
electron of Na lies towards the sulphur. Electrons of 
S—S bond are equally shared between two sulphur 
atoms. 
Thus +5 and —1 are two oxidation states of the two sulphur 
atoms. 
§. Oxidation number of sulphur in peroxo monosulphuric 
acid (H,SO; ): Let us draw its structure. 
O 


eet? enn eS 


H—O 8 O—O—H 
1 
‘ O 
Here, we have to consider Ox.no. of H=+1 
Ox.no. of oxygen in peroxo linkage = —1 
Ox. no. of rest of oxygen = — 2 
4+24+x-6-2=O0o0rx=4+6 
Thus, sulphur in H, SO, lies in + 6 oxidation state. 
6. Fe in its.oxides, FeO, Fe,0, and Fe,0,: | 
In FeO —>x-2=0,x=+2 
In Fe,Q, —>2x-6=0,x=4+3 
In Fe,0, —-> 3x -8 =0, x= +8/3 (fractional) 


424 (a12)4-2x = 2=Q 
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Here, in Fe;0,, oxidation number is the average of those in 
FeO and Fe,0,. 
FeQ + Fe,0, = Fe,0, 
Average oxidation number of Fe in 
Fe, Oo if = +24 2(43) = + 8 
3 3 
7, Oxidation state of chromium in CrO,;: CrO, has 
butterfly structure having two peroxo bonds 
oO 


I ee eg <a i Peroxo oxygen has (~1) oxidation state. 
oO 


Let oxidation state of chromium be ‘x’ 
x+ 4(-1)+ (-2)=0 


“orth 


= ___8.-Oxidation. state —of- —ehlorine- —in——bleaching—— : 


powder: Bleaching powder has two chlorine atoms having 
different oxidation states. 


Ca** (OCI) cr 
(hypochloride ion) (chloride ion) 
Chlorine in Chlorine in 
“eT state coor ob states nnee te ee 


9. Fractional values of oxidation numbers are possible as in 
Na,840¢, Fe;O,, N3H, ete. 


Na 28406 3 Fe,0, 
2x 1+ 4x+6(-2)=0 3x x+4(-2)=0 
 24+4x-12=0 | 3x-8=0 
4x=+10 3x =8 
Pe en a paige or ee 
4 3 3 
Oxidation number of Oxidation number of iron 
S is + 2.5 is + 25 
NH 
3x+1=0 
3x=-1 
x=-1/3 a * 


Oxidation number of 
; nitrogen is —1/3 

16. Oxidation state of carbon and nitrogen in HCN and 
HNC: -We should take into consideration the following 
fundamental aspects of bonding while counting the oxidation 
state of covalently bonded molecules: 

(a) Single covalent bond contributes one unit for oxidation 
number. 


(b) Negative oxidation number is assigned to ‘more 


_ electronegative atom and positive oxidation number to less 


electronegative atom. 


(c) Coordinate bond is represented by an arrow from donor 
atom to acceptor atom. 


A —— B 
Donor Acceptor 
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If donor atom is less electronegative and acceptor is more, 
then +2 state is given to donor and —2 state is given to acceptor. 
But it should be noted that if the donor is more electronegative 
than the acceptor, then contribution of coordinate bond for both 
. atoms regarding oxidation state is neglected, e.g., - 


@ H—C=N 
+1l+a-—3=0 
a=4+2 . 


Carbon is in +2 state and nitrogen is m — 3 state. Each bond 
contributes —| state to more electronegative atom. 


(ii) H—N=C 

Oxidation state of H=+1 

Oxidation state of nitrogen = (—1) + (—2)+ (0)=-3 
Covalent-bend-with_-hydregen-contributes-_(—})-and-covalent 


~ 


(+6)+(4)+(+6)_ 16 


Average oxidation state = 4 7 


18. C,0, (Carbon sub-oxide): 


-2 +2 0 +2 -2 
O=C=C=C$0 


sain +4 
Average oxidation state = ae 


OXIDATION NUMBERS (States) IN 
DIFFERENT TYPES OF ELEMENTS 


Zero group elements have zero oxidation number (state) as they 
do not show chemical activity while other elements have at least 
two oxidation states: zero when they exist in free state and 
positive or negative when they exist in compounds. Many 
elements show different oxidation states in different compounds. eee ee 


bond -with-carbon.contributes (—2)-and-there-is-zero-contribution 


of coordinate bond. Let the oxidation state of carbon be ‘x’ 
+1-34+x=0; x=+2° 
11. Feo 9,0 (Oxidation state of iron is to be determined): 
0.94x-2=0 
x= 2/0.94 = 200/94 


12. NH, —NH, (Oxidation state of nitrogen is to be 
determined): 
x+4=0 
x=-2 
1B. KI, (Oxidation state of iodine is to be determined): 
+1+3x=0 
x=-1/3 


+1 =1 
KI, is mixture of K I and a, Thus, two iodine atoms lie in 


zero state and one lies in ~| state. 
14, Na,[Fe(CN),;NO]: In iron complex NO lies in NO* 
state; thus oxidation state of ‘Fe’ may be determined as: 
4+2+x-5+1=0. 
; x=+2 
15. [Fe(NO)(H,0), JSO, : 
x+1+5(0)-2=0 
x=+1 
16. NOCI or Cl—N=O: 
_ Oxidation state of chlorine =— 1 
Oxidation state of oxygen = — 2 
Thus, Oxidation state of nitrogen 
17. Br,O, (Tribromo octa-oxide): 


oxidation number (state) of an element i is the same as its group 
number while the highest negative oxidation state is equal to 
(&— group number) with negative sign with a few exceptions. 

@) Alkali metals (IA) show uniformly +1 oxidation state, as 
they have ns’ configuration and have only a tendency to 
lose this electron. - 

(ii) Alkaline earth metals (IIA) show a common oxidation 
state of +2 as they have as* configuration. 

(iii) Elements of group IJA have ns’ np! outer shell. 
configuration, suggesting +1 and +3 oxidation states 

; corresponding to use of np or ns np electrons. 

(iv) Elements of group IVA have ns?np* outer shell 
configuration. They show oxidation states +4 (maximum) 
and — 4 (minimum). However, Sn and Pb show either +2 
or +4 oxidation states being metallic in nature. 

(v) VB elements have outer shell configuration ns’ np’. 
They show oxidation states between +5 and —3. 

(vi) The elements of VIA (with the exception of oxygen) 
show maximum oxidation state +6 and minimum 
oxidation state ~2. 

(vii) The elements of VIIA (with the exception of fluorine) 
show maximum +7 and minimum —| oxidation state. 

(viii) Transition metals exhibit a large number of oxidation 
states due to involvement of (7 — 1)d electrons besides ns 
electrons.’ 

The most common oxidation states of the representative 

elements are shown in the following table: 


Group Outer shell © Common oxidation numbers — 

aS configuration - " (states) except zero in free state’ 

IA ns! +1 

A ns? 42 

TIA ns’np\ +ae1 

IVA ns*np* + 4,4 3,4 2,4 1,-1,-2,-3,-4 

VA _ns’np? + 5,+3,+1,-1,-3 

VIA as ns’np* + 6,+ 4,+ 2,-—2 

VIIA ns*np” +7,+5,+3,4+1,-1 
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VALENCY AND OXIDATION NUMBER 


Valency of an element means the power or capacity of the 
element to combine with other elements, The valency of an 
element is numerically equal to the number of hydrogen atoms or 
chlorine atoms or twice the number of oxygen atoms that 
combine with one atom of that element. It is also equal to the 


number of electrons lost or accepted or shared by the atom of an | 


element. In every case valency of an element is a pure number 
and has no plus or minus sign associated with it; while oxidation 
number (state) is an arbitrary number which can have positive, 
negative, zero or even fractional value. For example, in the 
following compounds of carbon, the oxidation number varies 
from — 4 to + 4 but valency of carbon is 4 in all the compounds: 
Compound CH, CH,Cl CH,ClL, CHCl, CCy 
Ox. no. of carbon 4 2 0 +2 aa 


agent. Ox.no. of Cl changes from —1 to 0, Le, increase: in 
oxidation number. HC] is thus oxidised. It acts as a reducing 
agent. ; 


(b) SnCl, + 2FeCl, = SnCl, + 2FeCl, 
Writing the oxidation numbers on various atoms, 
+2 -1 +3 -1 +4 -1 +2 -1 


SnCl, + 2FeCl, =SnCl, + 2FeCl, 


Ox.no. of Sn changes from +2 to +4, i.e. , increase in oxidation 
number. SnCl, is thus oxidised or it acts as a reducing agent. 

Ox.no. of Fe changes from +3 to +2, i.e. ,decrease in oxidation 
number. FeCl, is thus reduced or it acts as an oxidising agent. 
(©) - Mg+2H* —>Mg?* +H, | 


Writing oxidation numbers of various atoms, 


Decrease i 


valency and ear number are the same but in other cases 
they may have different values. Points of difference between the 
two have been tabulated below: - 
Valency 5. nt 
Wet It is the combining capacity of the | Ox.no. is the charge (real or 

element. No plus or minus sign is|imaginary) present on the 

attached to it. atom of the element when it is 
in combination. It may have 
plus or minus sign. 


- Oxidation number 


2. Valency of an.element is usually |-Ox.no. of an element may 

fixed. have different values. It de- 
pends on the nature of the 
compound in which it is pres- 
ent. ti 


3. Valency is always a whole number. | Ox.no. of the element may be 
: . | a whole number or fractional. 


4. Valency of the element is never | Ox.no. of the element may be 
zero except of noble gases. Zero. 
‘Term - Oxidation number“. 
Oxidation | Increases 
Reduction Decreases — 
‘Oxidising agent Decreases 
Reducing agent Increases 


‘isExample12. In the following reactions, identify the 
species oxidised, the species reduced, the ae agent and the 
reducing. agent: 
(a) 4HCI+ MnO, = MnCl, + 2H,0+ Cly’ 
(b) SnCl, + 2FeCl, = SnCl, +.2FeCl, 
(0) 2H * +Mg=Mg” +H, 
(2) H,SO,+2H,S =38+3H,O | 
Solution: (a) MnO, + 4HCl = MnCl, + Cl, + 2H,0 
Writing the oxidation numbers on various atoms, 
44-2 +1-1 42-1 0 +1-2- 
MnO, + 4HCl =MnCl, + Cl, +2H,O0 
Ox.no. of Mn changes from +4 to +2, i¢, decrease in 
oxidation number. MnO, is thus reduced. It acts as an oxidising 


= +t (#2) 7 
Me +2H* Me™ +H, 
pelle a eee ce 

Increase 


Mgi is ition ie.,itacts asa reducing agent. H * is reduced, 


Le., it acts as‘an oxidising agent. 
(d) H,SO, + 2H,S=3S+3H,O 


wyninee oxidation numbers on various atoms, 


Increase . 
+1 44-2 +1-2 0 +] ~2 
en ce 
Decrease 


H,SO, is reduced, ie., it acts as oxidising agent. H,S is 
Oxidised, i.e, , it acts as reducing agent, 


“Example 13. Which one of the eee reactions is a 
redox reaction? 


(a) CuSO, +4NH; —>[Cu(NH,), 180, 
(b)Na,SO, + BaCl, —> BaSO, +2NaCl 

(c) SO, + H,O —> H, SO, . 

(d)  2CuSOg + 4KI —> CuyI, + 2K,SO, + 1p 


Solution: The reaction in which change in oxidation 
numbers of some of the-atoms takes place is termed as a redox 
reaction. 


+24+6-2 -3+1 +2 -3-1 4+6-2 
(a) CuSO, + 4NH, ——> [Cu(NH; ),]SO, 


No change in oxidation number of any of the atoms. 
+146-2  +2-1 $246-2 9 41-1 

(b) Na,SO, + BaCl, -—> Ba SO, + 2NaCl 

No change in oxidation number of any one of the atoms. 
+4-2 +1 ~2 +1 +4-2 


No change in oxidation number of any one of atoms. 


+24+6-2 +1-1 +1 -1 +1 +6-2 
(d) 2CuSO, + 4KI —> Cuj], + 2K,$0, + I, 


OXIDATION AND REDUCTION _ 


Oxidation number of Cu decreases from +2 to +1 and 
oxidation number of iodine increases from —! to 0. 


Thus, out of the above four reactions, the reaction (d) is a 
Fedon reaction. 


ixample 14. Explain why HNO, acts only as aiding 
agent while HNO, can act both as a reducing agent and an 
oxidising agent? 

Solution: Nitrogen can have oxidation numbers from —3 to 
+5, The oxidation number of nitrogen in HNO, is +5. Thus, 
increase in oxidation number beyond +5 cannot occur. Hence, 
HNO, cannot act as reducing agent. The oxidation number of 
nitrogen in HNO, can only decrease; thus it acts as an oxidising 
agent. In HNO), the oxidation number of nitrogen is +3. Thus, it 
can increase or decrease within the range ~3 to +5. Hence, it can 
act as an oxidising as well as a reducing agent. 


749°” 
— Cuno, Ie - i) 
5 +4 : 
HNO, ——» NO, Gi) 


Increase in Ox.no. of copper = 2 units per molecule Cu 
Decrease in Ox. no. of nitrogen =1 unit per molecule HNO, 
To make increase and decrease equal, eq. (ii) is multiplied by 2. 
Cu + 2HNO; —+Cu(NO;), + 2NO, +H,O 
Balancing nitrate ions, hydrogen and oxygen, the oe 
equation is obtained: 


_ Cu+4HNO, —-> Cu(NO;). + 2NO; + 28,0 
This is the balanced equation. 


"2323883 GSome Sotvep Examptes) ein [ 


cample 16. Balance the following equation by oxidation 
number method: 


KzC5OF* FeSO; #H3S0, = CR(SO5 Js ¥ Fey so 


METHOD 


In a balanced redox reaction, total increase in oxidation number 
must be equal to the total decrease in oxidation number. This 


equivalence provides the basis for balancing redox reactions... 


This method is applicable to both molecular and ionic equations. 
The general procedure involves the following steps: 

@ Write the skeleton equation (if not given, frame it) 

representing the chemical change. 

(ii) Assign oxidation numbers to the atoms in the equation 
and find out which atoms are undergoing oxidation and 
reduction. Write separate equations for the atoms 
undergoing oxidation and reduction. 

Find the change in oxidation number in each equation. 
Make the change equal in both the equations by multi- 
plying with suitable integers. Add both the equations. 
Complete the balancing by inspection. First balance 
those. substances which have undergone change in 
oxidation number and then other atoms except hydrogen 
and oxygen. Finally balance hydrogen and oxygen by 
putting H,O molecules wherever needed. 
The final balanced equation should be checked to ensure 
that there are as many atoms of each element on the right 
as there are on the left. 
(v) In ionic equations the net charges on both sides of the 
_ equation must be exactly the same. Use H* ion/ions in 
acidic reactions and OH™ ion/ions in basic reactions to 
balance the charge a and number of hydrogen and oxygen 
atoms. 
The following examples illustrate the above rules: 


=. Example 15. Balance Ue following equation by oxidation 
number method: 
. Cut HNO, —> Cu(NO, 2 + NO, +H,0 
Solution: Writing the oxidation numbers of all the atoms. 


Oo +14+5-2 +245 -2 44-2 41-2 
Cut+ HNO; ——> Cu(N Q3). +NO, + H,O 


| (iii) 


(iv) 


Change in Ox.no. has occurred in copper and nitrogen. 


= ¥K SO; + HjO- 
Solution: Writing oxidation numbers of all the atoms. 
+2 +6 -2 +2+6~2 +1 +6-2 +3 +6-2 +3 +6-2 


K,Cr,0, + FeSO, te H,SO, =Cr (SO, )3 + Fe, (SO, ); 


+1 +6-2 +1 - 
+ K,SO, + H,0_ 


Change in Ox.no. has occurred i in 1 chromium and iron. 


+6 . 
K, Cr — Cr (SO,); ew (i) 
FeSO, Fe, (S04) 3. )3 sae i) 


Decrease in Ox.no. of Cr per molecule 
_— =(2x 6-2 3)= 6units 
Increase in Ox.no. of Fe per molecule =! unit 
Hence, eq. (ii) should be multiplied by 6, 
K,Cr,07 + 6FeSO, —> Cr,(SO,)3 + 3Fe2(SO,)3 

To balance sulphate ions and potassium ions, 7 molecules of 

H,SO, are needed, 
K,Cr,0, + 6FeSO, +7H,SO, = Cr,(SO,)3 
+ 3Fe,(SO4)3 +K,SO, 

To balance hydrogen and oxygen, ‘7H, O should be added on 

RHS. Hence, balanced equation is, 


K,Cr,O, + 6FeSO, + 7H,SO, = Cry(SO,)3 
+ 3Fe,(SO,); + K,SO, +7H,0 
“Example 17. Balance the following equation by oxidation 
number method: 
K,Cr0, + HCI—> KCl + CrCl, + H,0+Cl, 
Solution: Writing the oxidation numbers of all the —_ 
- 4146-2  +1-1 +1-1 +3 -1 +1 -2 
K,Cr,0, + HCl —~> KC] + CrCl, + H,O+ Cl, 
The Ox.no. of Cr has decreased while that of chlorine has 
increased. 


K, Cr, a 2640 w (1) 
HCI — Cl . ww (ii) 
_ Decrease i in Ox.no. of Cr = 6 units per molecule K,Cr, 0, 
Increase in Ox. no. of Cl =1 unit per molecule HC1 


750° 


Eq. (ii) is raultiptied by 6. 
K,Cr,0, + 6HCl —> 2CrCl, + 3Cl, 
To balance chlorine and POLRasIUT 14 molecules of HCl are 
required. 
K,Cr,0, +14HCl —> 2CrCl, +3Cl, + 2KC1 
To balance hydrogen and oxygen, 7H,O are added to RHS. 
Hence, the balanced equation is, 
K,Cr,0, +14HCl ——» 2KCI + 2CrCl, +3Cl, +7H,O 
‘Example 18. Balance the jollowing equation by oxidation 
siinher method: 
NalO, + NaHSO, ——> Na,SO, + NaHSO, +1, +H,0 
“Solution: . Writing oxidation numbers of all the atoms. 


+1 45-2 . +1414+4-2 +1 +6-2 +1 +1+6-2 0 +1 -2 
Na IO, + NaHS O; —>Na,SO, + NaHSO, +1,+H,O 


The ; Rina no. of I has decreased while that of S has 
—__—\jnereased.— 
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Example 20. Butiiee the following equation by oxidation 
number method: 


PbS + H,O, —> PbSO, + H,O 


Writing oxidation numbers of all the atoms, 


+22 4! . 4246-2 +1 -2- 
PbS + H,O0, —~ PbSO, + H,O 


Solution: 


The Seidel number of S has angtenses and O has decreased. 


PbS 5 Pbs0, . bee a) 
~1 =y) 
" H,O, —>H,0 eee 


~ Increase in Ox.no. of S = 8 units per PbS molecule © 


Decrease in Ox.no. of O = 1 unit per ie H,0, molecule 


ener Prien) Sener atcha = eee : +5. Pines | So teca neon eee eee ee = 
o a NalO, ——> I (i) 
+4 +6. 
NaHSO; ——> NaHSO, . (ii) 


Decrease in Ox.no. of I = 5 units per molecule NalO, 
Increase in Ox.no. of S = 2 units per molecule NaHSO, 


Eq. (i) is multiplied by 2 and eq. (ii) is multiplied by 5 as to 
make decrease and increase equal. 


2NalO, +5NaHSO, —>1, +3NaHSO, + 2Na,SO, 


To balance hydrogen and oxygen, one H,O molecule should 
be added on RHS. Hence, the.balanced equation is 


2NalO, +5NaHSO; 1, +3NaHSO, + 2Na,SO, + H,O 
Example 19. Balance the following equation by oxidation 
number method: 
Ty + NaOH ——» NalO, + Nal + H,0 


Solution: Writing oxidation numbers éf all the atoms, 
ot™ 0 +1-2+1 +14+5-2 +1 -l +1 -2 
I, + NaOH —> NalO; + Nal + H,O 


The Ox.no. of iodine ‘a increased as well as decreased. 


+5 
i —+ NalO, . wf 
-1 
C—=sia .. (ii) 


Increase in Ox.no. of I = 5 units per I atom 
Decrease in Ox.no. of I =1 unit per] atom 


Eq. (ii) should be multiplied by 5 as to make increase and 
decrease equal. 
31, ——>NalO, + 5Nal 
To balance Na, 6 molecules of NaOH should be added on 
LHS. 
31, + 6NaOH —— NalO, + 5Nal 
To balance hydrogen and oxygen, 3H,O should be added on 
RHS. Hence, the balanced equation is 


31, +6NaOH—> NalO, +5Nal +3H,O 


equal. 
PbS + 4H,0, —> PbSO, +4H,O 
| This i is the balanced equation. 
"2: Example 21. 
number method: - 
Zn + HNO; —~ Zn(NO; ), + NH,NO; + H,O 


Solution: Writing oxidation numbers of all the atoms, 
0  +145-2 4245-3 341 45-2 © 41-2 
Zn + HNO, — Zn(NO, )o + NH,NO, + H,0 


The oxidation numbers of Zn and N have changed. — 


Balance the seca eee ore oxidation 


. 0 +2 
+5 -3 , 


Increase in Ox.no. of Zn = 2units per Zn atom 
Decrease in-Ox.no. of N =8 units per HNO, molecule 
Eq. (i) should be multiplied by 4 | 
AZn + HNO, —— 4Zn(NO;), + NH,NO, _ 
To balance nitrogen, 9 molecules of aN should be added. 
on LHS. 
To balance hydrogen dnd oxygen, 3H,O jnniscales should be 
added on RHS. Hence, the balanced equation is 
AZn + 10HNO, —> AZn(NO;)> + NH,NO, + 3H,0 


“Example 22. Balance the following equation by oxidation 
hake method: 


HgS + HCl + HNO, —> H,HgCl, +NO+S + H,O 


Solution: Writing the oxidation numbers of the atoms. 


42-2 41-1 4145-2 +1 42-1 72-2 0 +1 -2 
HegS + HC1+ HNO, —>H,HgCl, + NO +S+H,O 


The oxidation numbers of S and : have changed. 
-2 
fa — § ; wo) 


HNO, No . Gi) 


7. 
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Increase in Ox.no. of § = 2 units per HgS molecule 
Decrease in Ox. no. of N=3 units per HNO, molecule 


Multiplying eq. (i) by 3 and eq. (ii) by 2 as to make increase 
and decrease equal . 


3HgS + 2HNO, ——>3S+ 2NO 
Balancing Hg and chlorine, 
3HgS + 2HNO, +12HCl —>3H,HgCl, + 38+ 2NO -- 


To balance hydrogen and oxygen, 4H,O molecules are added 
on RHS. Hence, the balanced equation is 


3HgS + 2HNO; + 12HCl > 3H, HgCl, +38 + 2NO + 4H,0 


“Example 23. Balance the LOS equation by oxidation 
‘aber method: 


10Al + 6KMnO, ——>5Al,(SO,), + 6MnSO, +3K,SO, 


To balance SO” ions, 24H, SO, molecules be added on LHS. 
10A1 + 6KMnO, + 24H,SO, —->5A1,(SO,)4 + 6MnSO, 
+3K,S0, — 


To balance hydrogen and oxygen, 24 H,0 molecules be added 
on RHS. Hence, the balanced equation is 


10A1 4 6KMnO, + 24H, SO, —>5A1,(SO,), + 6MnSO, 
+3K,SO, + 24H,0 


©1440: DISPROPORTIONATION AND 


“3 OXIDATION-REDUCTION 


Solution: Writing puidalan shiners of all atoms, 
ec ee 47-2 ly 
Cl, + 10; + OH ——> 10; +Cl +H,0 


Oxidation numbers of . and |] have changed. 
. cl 20" LY 


‘10; = ‘10; +... Ci) 
Decrease in Ox.no. of Cl = 2 units per Cl, molecule 
Increase in Ox.no. of I= = 2 units iv! 103 molecule - 
Cl, +103. = soz + 2cl" 
To balance oxygen 20H ~ ions be ‘added on LHS and one 
_#HO molecule on RHS. Hence, the balanced equation is 
Cly +105 + 20H” ——+10, + 2Cl” + H,0 
-. Example 24. ARIES the. following equation by oxidation 
number method: 
Al+ KMnO, +'H,SO, —> Al, (SO, }3 + K SO, 
+ MnSO, + H,0 


Solution: Writing oxidation numbers of all atoms, 


0 +L 47-2 +1 +6-2 +3 4+6-2 +1°4+6-2 


4+24+6-2 +1 -2 
+MnSO, + H,O 


The oxidation numbers of Al and Mn have changed 


0 +3 : 
Al—~ Al, (SO, )3 tee q@) 
+7 +2 
KMn 0, ——> Mn SO, .. (ii) 


Increase in Ox.no. of Al = 3 units per Al atom 
= 6 units per Al,(SO,), molecule 
Decrease in Ox.no. of Mn =5 units per KMnO, molecule 


Multiply eq. (i) by 10 and eq. (ii) by 6 as to make increase and 
decrease equal 


__ oxidising agent and as a reducing’ pees with the result that a part 


of it gets oxidised to a higher state and rest of it is reduced to 
lower state of oxidation. Such a reaction, in which a substance 
undergoes ‘simultaneous oxidation and reduction is called 
disproportionation and the substance is said to disproportionate. 
The Steal are some of the examples of Girproporionstion: 


. ci naa + 


0 


(a) H,0, 4 1,0, __+H,0+ 0, 


Decrease eo he 


nay i ; gaia a v 
, o 4KCl0, KO, + if KCl 


Increase 


[ ;  Shecieee : y 
© ap +3Na0H+ 3H,0 — 3NaH PO, +. PH, 


ij ; Decrease 


Of 0 Hot =1 ae ; 
(@) 3Cl, + 6NaQH —> SNaCl + NaClO, + 3HQO ° 
conc. . . 


Increase 


{e) Oxidation state of chlorine lies between ~—1 to +7; thus 
out of CIO” , CIO; , ClO; ,, ClO; ; ClOZ does not undergo dispro- 
portionation because in this oxidation state of chlorine is highest, 
Le, +7. pate of the other oxoanions are: 


. -1 +5 
3C10" =e 2Cl + ClO; 
43 +5 


ee = sek 2c 


4C10; sas 3C10; 


Equivalent mass of substance undergoing disproportionation 
can be calculated by n-factor method: 


752 
; : Molecular mass 
Equivalent mass = ——————_—_— 
: ; n-factor 
n Xn 
n-factor = —\——2. 
ny, +N, 
Example : 


n=2 (loss of two electron) 
+1 ~3 43 
3H,PO, ——> PH, + 2H,PO, 


n = 4 (gain of four electrons) 
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taken, if is observed that both are oxidised. This is induced 
oxidation. 


Na,SO, +O, ——»Na,SO,._ 
Moloxide 


Na,SO, + Na,AsO, ——> Na,AsO, + Na,SO, 
Na,SO; + Na3;AsO; + O, —>Na,SO, + Na;AsO, 


- FORMAL CHARGE 


In polyatomic molecule or ion the net charge is possessed by the 
ion or molecule as a whole and not by particular atom: For certain 
purpose formal charge (F.C.) is assigned to each atom. © 


Total number of 
non-bonding 
(lone pair) elec-. 


Total number of 
valence electrons 
in the free atom 


et 5 Coe 


n-factor = bua = 2 Formal _ charge 
3 (F.C.) on an atom. 
in a Lewis struc- 
——--—quivalent mass of H,PO, = > Moleeuanets ree ture eee’ 
n-factor - 
_m__ 3m 
4/3 4 


bast and numerous Toten ‘unsaturated. compounds, 


phosphorus and certain metals like Zn and Pb can absorb oxygen 
from the air in presence of water. The water is oxidised to 
hydrogen peroxide. This phenomenon of formation of H,O, by 
the oxidation of H,O is known as autoxidation. The substance 
such as turpentine or phosphorus or lead which can activate the 
oxygen is called activator. The activator is supposed to. first 
combine with oxygen to form an addition compound, which acts 
as an autoxidator and reacts with water or some other acceptor 


so as to oxidise the latter. For example: - 


Pb +0, —~ _ PbO, 
(Activator) : (Autoxidator) 
PbO, +. H,Q ——> PbO+H,0, 


. ceptor) : . 
The turpentine or other iinsaturated compounds which act as 
activators are supposed to take-up oxygen molecule at the double 


_bond position to form unstable peroxide called moloxide, which 
then gives up the oxygen to water molecule or any other acceptor. 


RCH = CHR + 0, ——» RHC — CHR 
Oo—oO 


ee + 2H,0——> RCH = CHR + 2H,0, 
O—O | 
2KI + H,0, ——> 2KOH +I, 

The evolution of iodine from KI solution in presence of 
turpentine can be confirmed with starch solution which turns 
blue. 

With this concept, the sisaotienoe of induced oxidation can 
also be explained. Na,SO, solution is oxidised by air but 
Na AsO, solution is not oxidised by air. If mixture of both is 


, bonding (shared 
-3* electrons) (B) 


The formal charge of atom in a polyatomic ion/molecule is 
defined as: 


rc-v-n—t, 

. . 

The formal charge is the difference between the number of 

valence electrons in an isolated (i.e., free) atom and the number 
of electrons assigned to that atom, in its dot structure. — 
Let us calculate formal charge on each atom of ozone: 

Formal charge at oxygen number 1 
V=6,N=4,B=4 


0 avenes 
i a 1 
=6-4~-—x4=0 
2 
Formal charge at oxygen number 2 
V=6,N=2,B=6 
RC.=V-N-<B 


ey eee 
2 
Formal charge at oxygen number 3 
s V=6,N=6,B=2 © 
F.C. =6- eee oe 
2 


On the basis of formal charge, the structure of ozone may be 
drawn as, ~ 


we must note that formal charges do not indicate real charge 
separation within the molecule. 


ata EONS CN) 
—-~Fotal-number-of———-—-»_- 
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Formal charges help in the selection of the lowest energy 
structure from a number of possible Lewis structures for a 
compound. The lowest energy structure means the structure with 
the smallest formal charges on each atom of the compound. 
Formal charge is based on the concept that electron pairs a are 
shared equally by neighbouring atoms. 

Note: (1) A Lewis dot structure for a molecule is preferable when ail 
formal charges are zero. 
(2) In a dot structure adjacent formal charges should be zero 
or of opposite sign. 
(3) Among the several Lewis dot structure for same species, 


the structure with negative formal charges on more elec- 


" tronegative atom is preferted. 
Let us consider thiocyanate: 
; ee ; Formal charges 


Total 
N Cc Ss : 


____ Structure 1(} N =Ct= 15-5 Sill ec aA a eee 


Formal charge at hydrogen number 4: 
V=0,N=0,B=2 


FC.*¥-N-2xB 


=0-Q- : xXx2=-1 
2 
The, structure according to formal charge: 
H 
- | 
H—- N*—H™ 
. STOCK NOTATION 


~——hr the compounds of metals; the-exidation number is represented _. aes 


Structure ({C =N= Sty | + 2 0 a 


Siete (ZC mi Sae Ni} ce OE 2 | at 


Structure III will be correct structure because each atom has non-zero 


-formal-charge-in-the lowest energy-state. - 


Some illustrations of formal charge calculation: 
oFe 
1. 


F ma charge at ‘aia: 
V=7,N=4,B=6 


F.C.=7-4-1x6=0. 
2 
Formal charge at fluorine: 
V=7,N =6,B=2 
F.C. =1-6->x2=0 


Formal charge at nitrogen: 
V=5,N=0,B=8 
PC.=5- 0-2 8=+1 
Formal charge at hydrogens 1,2,3: | 
 V=i1iN=0,B=2— 


PC.“V-N-2xB 


«i-0-4K240 
2 


bythe Roman-numeral, placed _in-parenthesis, after the symbolof 


the metal in the molecular formula. For example: 

(i) Cu,0 (Cuprous oxide, oxidation state of copper = +); its 
stock notaticn will be Cu, (DO. 

Gi) CuO (Cupric oxide, oxidation state of copper = +2); its 
stock notation will be Cu(IDO. 


The stock notation is not used in case of ' compounds ‘formed ~ 
by non-metals. 


Stock Notation of Some Compounds 


Formula of 
HAuCl, oe acid Au (+3) HAu (I) Cl, 
TIO Thallous oxide TI (+1) TL, MO 
FeO Ferrous oxide Fe (+2) |Fe (Il) O 
Fe,0; Ferric oxide. “- |Fe(43) «Fe, (IO, 
Cr,0; Chromic oxide Cr (43), Cry (Il) O; 
Cul —s |Cuprousiodide = ssdCu(@#1)—s | [CuI 
MnO > Marignese oxide Mn (+2) Mn (DO — 
MnO, Mangnese dioxide Mn (+4) Mn (IV) 0, 
K,Cr,0, [Potassium dichromate | Cr (+6) Kr Cr (VI) O7 
KMnO, _ |Potassium permanganate |Mn(+7) —- [K Ma (VID O, 
V,0; | Vanadium pentoxide —{ V (+5) V, (V) 05 
FeSO, "| Ferrous sulphate Fe (+2) Fe, (II) SO, 
Fe,(SO,), | Ferric sulphate Fe (+3) _ Fe, (ID (80,3 
CuCl, Cupric chloride ‘|Cu (+2) Cu (tt) Cl, 
STOICHIOMETRY OF REDOX 
REACTIONS IN SOLUTIONS 


Cjeul tions based on chemical equations are known as 
stoichiometry. A chemnical equation is the’ symbolic 
representation of a chemical change. It gives the following 
informations used in solving the numerical problems based on a 
chemical equation: 


‘ 
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Gi) It gives the number of moles ofthe reactants and the 
products involved in the reaction. 

(ii) It gives relative masses of the reactants and products. 

(ili) It gives volume of the gaseous reactants and products. 

Problems based on chemical equations have also been dealt in 
Chapter-1. In this section, we will deal with redox reactions only. 
In the stoichiometry of redox reactions, the chemical equations 
must be balanced. 
ee imple 25. Balance the following chemical equation: 


H,0, +0, —>H,0+0, 


Indicating the changes in oxidation numbers of oxygen, find the 
equivalent weight of H,O, for this reaction. (West Bengal 2605) 


+ 


~i oe 
Oxidised 


Solution: 


Balanced equation will be: . 
H,0, +0, 5 H,0+.20, 


Paivalerit mass of H,O, = > =17 


SUMMARY AND IMPORTANT POINTS | To REMEMBER. 


products ‘volved in, a. Senne change are writ € 


2 


forms: in the .chemical. equation,. itis termed.:as ‘molecular 
equation... The chemical changes when. Tepresented i in.terms of 
ions which actually undergo reaction are called ionic equations. 

The.ions which do not undergo any change and equal i in number 


“Any material which is ‘capable . of accepting ‘electron : or 
_ electrons acts as an oxidising agent and the material which loses 
electron or electrons acts as reducing agents. - 


Loss. of electrons _ 
in both reactants and products are termed spectator ions is and: are : Oxidation btm: 
ae not included in the. final balanced equations : a ee eee 
AgNO, + NaCl —> AgCl + NaNO, ‘(Molecular equation) | ele 
Ast +Cl > AgCl (lonie equation) ar ar ee ee ee ee a 
ne "NOs and N Na* “fons at are ‘spectator ions.] pease ic a ae . a oe ic oe 
Reduction 
Be Oxidation and redaction: . Oxidation is isa process which Gain of elections 


involves either of the following: 
(i) ‘addition of oxygen, 

(ii)’ removal of hydrogen, ~ 

(iii) ‘addition of an electronegative eldencati or group, 

(iv) removal of an electropositive element or group, 

(v) iricrease inthe valency of an electropositive element, - 
es Wi), loss of one-or more. electrons. by an atom or an ion-or a 

* “molecule. 
Reduction is just teverse of oxidation. It is a poets which 
‘involves either of the following: 
.-) removal of oxygen, 
Gi). addition of hydrogen, . : 
_ iii): removal of an electronegative element c or r group, : 
; (iv) addition of an electropositive element or group, 
(v). ‘decrease in the valency of electropositive element, 
wi. “gain of one or thore ‘electrons by an atom or an ion or a 
-; molecule. 

A substance which undergoes qaaaian or ag oxidised acts 
as a reducing agent while a substance which undergoes 
reduction or’ gets re ‘ duced acts ‘as an oxidising agent. 

All oxidation- reduction reactions -are' complimentary of one 
another and- ‘occur simultaneously..: ‘Oxidation-reduction reaction 
is: termed ° redox reaction. The word .“redox” includes 
red +:0X; red means reduction and ox means oxidation. In-redox 

‘reaction one substance undergoes oxidation and the other 
‘substance undergoes reduction; i.e., the reaction between a 


3. Ion electron method for balancing redox reaction: The 
following steps are followed: 
 (@) Ionic equation of redox reaction is first written. 
_ (ii) The ionic reaction is split into two half reactions, one for 
oxidation and the other for reduction. 
(iii) Each half reaction i is balanced aus iife number of atoms of 
_ other than H and O for each half reaction are balanced 
‘using simple multiples. (b) In acidic and neutral 
mediums, H ions are added to the side deficient in 
hydrogen and water molecules to the side deficient in 
oxygen. (c) In alkaline medium, for each excess of 
oxygen atom, one water molecule is added to the same 
side and two OH” ions to the other'side. If hydrogen is 
still unbalanced, one OH” ion is added for each excess of 
hydrogen on the same 2 side. and one water molecule to the 
other side. 
_(iv) Electrons are added to the side deficient in siections as to 
'  equalise the charges on: both sides of the half reactions. 
(v) Electrons are made equal in both the half reactions by 
multiplying one or both the half reactions by a suitable 
number. 
(vi) Both the balanced half reactions are added and any term 
common to both sides is cancelled. 
4. Oxidation number or oxidation state: It is defined as 
the charge (real or imaginary) which an atom appears to have 


OXIDATION as REDUCTION 
when it is: in combination. In the “case ‘of electrovalent : 
compounds, the oxidation number of an element or radical is‘the. 
same as the charge on the ion. The following rules are. followed in’ 


ascertaining the oxidation number in any type of compounds: 


a The oxidation number of an atom in free elements i 1s ZeTO 


no matter how complicated the molecule is. 
(i) The oxidation number of: fluorine i is always —1. 
(iii) The oxidation number of oxygen is -2 in all compounds 
except in peroxides, super oxides. and oxygen fluorides. 


(iv) The oxidation number: of hydrogen is +1 in-all of its | 


compounds except. in. metallic: hydrides.. In metallic 
_ hydrides, oxidation number of hydrogen i is —l.. 
(v) The oxidation number .of-an.ion is equal to the aleeuical 
charge present on it. - 
(vi) The oxidation number: of. alkali metals is. +H aie that of 
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Oxidation i isa process in which an atom unidergoés algebraic 


- incréease'in oxidation jnumber and reduction i is a process in which 


-an atom undergoes algebraic decrease in oxidation number. In an 
oxidising agent, there is always decrease in oxidation number and 


.. in reducing agent, there is always i increase in oxidation number. 


cing oxidation-reduction reactions by oxidation 
number method: 
(i) The skeleton equation of the chemical change i is written. 
(ii) Oxidation numbers are assigned to atoms in the equation. 
The atoms in which-change in oxidation number has 
taken place are selected and two ei reactions anoles 
oxidation and, reduction are selected. oo 
- Git) Change in oxidation numbers in both the equations is 
Se made equal by multiplying with suitable integers and 
... then both the equations are added. 
iv) First of all, those substances are. balanced. siitich have 
undergone change i in oxidation number and then other 


-all the atoms is ; equal ‘to the: net’ charge’ on the ion. 
Inthe case of neutral molecules, the algebraic’ sum of the 
oxidation ' numbers of ‘all the atoms present in the 
molecules is-zero. 


Oxidation numbers are quite wines The cules: “may ‘be 


(viii) 


positive, negative, zero and even fractional. Many elements show — 
different oxidation numbers in different compounds: In the case - 


of represefttative elements, the highest oxidation number of an 


element is the same-as-its-group-number-while-highest-negative .... 


oxidation number is equal to (8-group mumnbet) with negative 
sign with a few exceptions. _ 


IA elements ' 41° VA Sane _ 3 to a : 
IIA elements +2 _ VIA elements. ~2 to +6 © 

. THA elements +3, +1 vilA elements. —1 to aul 
IVA elements —4to+4 — 


The valency and oxidation number dcnsepie are. _ different. In 
some cases (electrovalent compounds), valency and oxidation 
number are the same but in other cases they have different values. 


Valency of an element is usually fixed while oxidation number — 


may have different values. 


5. Oxidation and reduction in terms. of. change in. 
Oxidation and reduction are defined on 


oxidation numbers: 
the basis of change i in oxidation number. 


“oxygen atoms, ~ 


' atoms éxcept hydrogen and oxygen: Finally: ed 

_ and oxygen are balanced. ca 
In ionic equations, the net charges 0 on ‘both. sides are S qade 
equal. H* ions in acidic reactions and OH™ ions in basic'reactions 
are used to balance the charge and number of Ee dilate and 


7. Autoxidation: ” Certain materials . ich as” - turpentine, 
olefinic compounds, phosphorus, metals like zinc and lead, etc., 
can absorb. oxygen from the air in presence of water and the water 
is converted’ to hydrogen peroxide. This phenomenon of 
formation of HH, 04. by oxidation of H,O-is. known as 


_ . autoxidation. The material which absorbs oxygen and activates 


it, is called the activator. The addition compound of activator 


_ and oxygen is termed autoxidator. This reacts with oma or 


-some other acceptor.so as to oxidise the latter, 

8. ‘Disproportionation: | ‘One and the same S sibstance may 
act simultaneously as.an oxidising. agent and asa reducing agent 
with the result ‘that a part of it gets oxidised and | rest of it is red- 
uced. This nature ue the change’ is termed disproportisnation~ 
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1. Matrix-Match Type Questions — 
[A] Match the Column-I with Column-II: 


Column-! . _Column-Il 
(Compound) (Oxidation state) 
(a) CrOs (p) +6 
(b) H,SO, (q) +1 
“(c) CaOCl, (t) -1 
(d) (CH, ),SO° (s) 0 
_ [B] Match the Column-I with Column-II: 
Column-I Column-I 
-(heaex process) (n-factor for | 


underlined species) 


fa As Sz => -AsO3 +802" ~€py-28 


GR.B. Ene ee FOR COMPETITIONS 


Gili) 280, + 6; ——> 280, 
(iv) Ca + Cl, ——> CaCl, 
(v) Sn?* + 2Hg?* —> Hg?* + Sn** 
(vi) 2Cu* + 4 —> 2Cul +1, 
(vii) 2° + H,O, —-» 20H” +1, 
(vii) SO, + 2H,S —— 3S + 2H,O 
(ix) SO, + 2HNO, ——> H,SO, + 2NO, 
(x) SO, + Cl, + 2H,O —— 2HCl + H,SO, 
3. Which substance/ion is oxidised and which substance/ion is 
reduced in the following reactions? 
(i) PbS + 4H,O, ——> PbSO, + 4H,O 
(ii) H,S + 2FeCl, —-—> 2FeCl, + 2HC1 +S 


(ti) -Min®7-+- 4HEl > MnChy + 250+ Ch, 
-—iv)-SnCly-+ 2FeChy > Sn€h + 2FeChy 


6) b oT +10; (q) 4/3 
(c) HjPO, > PH,+2H;PO,; (x) 1 
(d) HPO, + NaOH > (s) 5/3 


NaH,PO, +H,0 


~[C] Match the Colamn-I with Column-Il: ~~~ 
Column-I ~ Column-Il 
(Compound) (Oxidation state of 
nitrogen) 
(a) Mg,N, (p) -1 
(b} NO (q) +2 
(c) (N,Hs), SO, (1) 2 
(d) NH,OH (s) -3 
[D] Match the Column-I with Column-II 
Column-I » Colufnn-tt 
(Compound) (Oxidation state of) 
(a) CrO,,.. (p) Oxygen is -2 
(b) Na,S,0, , .’ (q) Oxygen is ~1 
(c) H,SO, (rt) Sulphur is +6 
(d) H,S8,0, _(s) Sulphur is +2 
[E] Match the Column-I with Column-II : 
Column-I Column-Il 
(a) (NH,),CrO; - (p) Intermolecular redox 
N,+C,0,;+4H,O —Teaction 


(b) PbO, + H,0 - PbO+H,O, (q) Disproportionation 
(c) Cr,0, +2Al > AI,O, + 2Cr (r) Intramolecular redox 
- reaction 


(d) Cl, + 20H" 3 . (s) Mel displacement 


clo" +Cl + HO 
2. Indicate which of the substance/ion in the following reactions 
is an oxidising agent and which is a reducing agent? . 


(i) 2FeCl, + SnCl, ——> 2FeCl, + SnCl, 
(ii: 2Mg + SO, —— 2MgO + S 


(v) 2MnO; +16H* +5C,0;° ——> 2Mn?* +8H,0 + 10CO, 
(vi) 3N,H, + 2BrO; ——> 3N, + 2Br° + 6H,O - 
(vii) Cl, + SOF + H,O—— 2cr + SO} + 2H* 
(viii) 27 + Cl, —-> 2Cr +I, 
~4.~ Arrange the following in the order of:~ 
(a) increasing oxidation number of iodine: 
I,, HI, HIO,, ICI 
(b) increasing oxidation number of chlorine: 
C1,0,, Cl,O, HCl, CIB, Cl, 
(c) increasing oxidation number of nitrogen: 
NH,, N,H, NO, NO, ee 
5. Find the oxidation number of : 
(i) Tin KIO, 
(ii) P in NaH,PO, 
(ii) PinP,OF 
(iv) Fe in [Fe(CN),]*~ 
(v) Niin[Ni(CN),]* 
-, (vi) S in H,S,0; 
_ (vii). N in NO; 
(viii) Sin $,Cl, 
(ix) Pin Mg,P,0, 
(x) Crin K,Cr,0, 
(xi) Mn in MnO; 
(xii) Pt in [PtCl,]* 
(xiii) Pin PH! 
(xiv) Cin C,,H,,0); 
(xv) Fe in Na,[Fe(CN); NO] 
(xvi) Cr in (NH,).Cr,0, . 
(xvii) V in Rb,Na{HV, O29]. 
(xviil)’ Xe in BaXeO, 
(xix) Clin Ca(ClO,), 
-(xx) Niin Ni(CO), 


(Ranchi 1996) 


‘OXIDATION AND REDUCTION 


6. (a) Which compound among the following has the lowest 


oxidation number of Mn? 
KMn0O,, K,MnO,, MnO, and _Mn,0, 

(b) Which compound among the following has the highest 
oxidation number of P? 
PH,, H3PO,, PCl,, H,PO, 

(c) Which compound among the following has the zero 
oxidation state of carbon? 
CH,, CH,Cl, CH,Cl,, CHCI,, CCl, 

(d) Which compound among the following has the lowest 
oxidation number of chlorine? 
HCIO,, HOCI, C1IF,, HC1O;, HC! 


Short Answer Type . 
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[Hint: Half reactions 
[Crl, + 320H- ——» CrO2- + 310; +16H,0 + 276] x2 
[H,O, + 2e—» 20H"] x 27 
2Crl, + 27H,0, + 100H- ——> 2CrO2 + 6102 + 32H,0 ] 


(xiv) MnO, + H* + H,O, —> Mn + H,0 + 0, 
(Hint: Half reactions 
[MnO; + 8H* + 5e—> Mn”* + 4H,O] x 2 
[H,O, —— 2H* + O, + 2e] x5 
2MnO, + 6H* + 5H,0, a! 2Mn2* + 8H,O + 50, ] 


(xv). C,H,OH +1, + OH —> CHI, + Heo, +I +H,O 


7. Balance thé following equations by ion electron method: [Hint: Half reactions 
(i) MnO; + Fe2* —> Mn2* + Fe?* + H,O (acidic medium) Te On 2 PSO —> CHI, + HCO; + SH,0 + es 
te pase ee Br eras yo ee 


(alkaline medium) 

(iii) Cu + NO; +8H* —-> Cu(NO;), + NO+H,0 
(acidic medium) 

(iv) Cl, ea + OH” ee +Cl +H,0 
ae (alkaline- medium) 
(v) I, + NtOH —> +5 NalO, + Nal+H,O (alkaline medium) 
(vi) Zn + NO; + OH” ——> ZnO} + NH, + H,O 

(alkaline medium) 


(vii) Cr(OH); - + Clo" + OH ——> CrO, +Cl +H,0 
{Hint: Half reactions 
[Cr(OH); + SOH” ——> CrO4” + 4H,O + 3e] x 2 
[ClO” + H,O + 2e—> Cl" + 20H] x3 
2Cr(OH), + 40H” + 3CIO” ——> 2CrO?” + 3CI” + 5H,O ] 
(viii) As,S, + NO; + H* + H,O —> H,AsO, + NO+S 
[Hint: Half reactions 
[As,S; + 8H,O0 —— 2H,AsO, + 3S + 10H” + 10e] x3 


[NO; + 4H* + 3e —> NO + 2H,0} x10 
3As,S, + 4H,O + 10NO3 + 10H* —— 6H;AsO, + 9S + 10NO ] 
(ix) Zn + H* + NO; —> Zn™ + NH; + H,O 
(x) P, + OH’ + H,O——> H,PO; + PH; 
[Hint: 


Half reactions 

[P, + 80H” —— 4H,PO; + 4e] x3 

P, + 12H,O + 12e —> 4PH, + 120H™ 
4P, +120H- + 12H,0 —> 12H,PO; + 4PH, 
or P, +30H +3H,O—>3H,PO;+PH,] 
(xi) HgS + Cl’ + Ht + NO; —> HgCl7 + S+NO+H,0 
[Hint: Half reactions 

[HgS + 4Cl- —> HgCl2- + S + 2e] x3 

[NO; + 4H* + 3e —> NO + 2H,0] x2 


3HgS + 12Cl- + 2NO; + 8H* —— 3HgCl2- + 3S + 2NO + 4H,O] 


(xii) Co** + NO; + Ht —> Co** +NO+H,0 
(xiii) Crl, + H,O, + OH ——> CrO7 +10; + H,O 


-Gi)-MnOj-+-Sn03-4+-H;@——» MnO;-+-SnO}—+-OH=—-~---=-- 


[I, 2e—32F 1x5 


2C,H,OH + 81, + 120H- ——> 2CHI, + 2HCO}; + ior + 10H,O 
C,H,OH + 41, + 60H” —> CHI, + HCO; +5 +5H,0 =] 

_ (xvi) C02 + Ht + C,02> —> Cr** + CO, + HO 

(xvii) Ag’ + eae + ne — Os: +H + AB 


or 


(xviii) MnO, + OH™ +0, —> MnO} + 0 
[Hint: Half reactions 
[MnO, + 40H’ —~— MnO; + 2H,O + 2e] x 2 
O, + 2H,0 + 4¢ —~> 40H” 
2MnO, + 40H" + 0, —> 2MnO} + 24,0] 
8. Balance the following equations by oxidation number method. 


(i) CO + Fe,0, ——> FeO + CO, 
(ii)- H,O, + ClO, + OH —> CI + O, + H,O 
(iii) Cr,02" +> + Ht —> Cr** +1, + H,0 
(iv) Cr,07- + HNO, + Ht —> Cr** + NO; + H,O 
(v) KI + H,SO, —— K,SO, +I, + SO, + H,O 
(vi): HgS + HCl + HNO, —> H,Hgl, + NO+ S+H,O 
(vii) [Fe(CN),]> +N,H,+OH™ = [Fe(CN),]* +N, +H,0 
[Hint: Two half reactions 


+3 +2 
[Fe(CN),]* — [Fe(CN}]* 
(change in Ox.no. per 2 atom = —1) 
-2 
. .N,H,— Ny 
(change in Ox.no. per N atom = +2) 
Total increase = 2 x (+2) =+4 
4[Fe(CN),]* + N,H, —> 4[Fe(CN),]* + N, 
[4Fe(CN),]> + N,H, + 40H —> 4[Fe(CN),]*" + N+ 4H,0] 
(viii) MnOZ + Ht —> MnO, +MnO,+H,O (IIT 1994) 
VI IV 
[Hint: MnO}, ——> Mn0, 
VI 2 VII 
[MnO; —— MnO; ]x 2 
3MnO2- + 4H* —~ 2MnO; + MnO, + 2H,0] 
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(ix) HINO, + Cu,0 —> Cu(NO,), + NO + H,0 
(x) AuCl; + Sn?* + Ht — Sn** + AuCl + HCl 
' (i) S + OH —> S* +8,07° 


Qo 3 
[Hint: §—> Ss (decrease of 2) 


28 —> $07 (increase of 2 per § atom)] 
(xii) NaClO, + KI + HCl —> NaCl+ KCI +1, +H,0 
(xiii) PbCrO, + H,SO, + FeSO, — Fe,(SO,); + PbSO, 
+ Cr,(SO,)3 + H,O 
(xiv). As + HNO, —> HAW, +NO,+H,O . 
(xv) Fe,(SO,), + H,SO, + H,O —> FeSO, + H,SO, 
(xvi) CH,,0, + H)SO, —> CO, + SO, + H,0 


9, Balance the following equations: 


CIO; + 4H* —> 4Cl0, + 0, + 2H,O 
‘or 4KCIO, + 4H,SO, —> 4KHSO, + 4C10, + O, + 2H,0] 
(ix) Ag + KCN + O, + H,O——> KAg(CN), + KOH 
[Hint: [Ag + 2CN” ——> fAg(CN), J + e] x4 
O, + 2H,O + 4e—> 40H ] 
(x) Ca(OCl, + KI + HCl —> CaCl, +1, + KC] + H,0 
[Hint: OCI + 2H* + 2e——» Cl +H,O 
2 — > L, +2e 
OCI + 2H* +2f —> Cl +1,+H,0 
or | 20CI" + 4H* —> 2Cl” + 21, +2H,O] 
10. Calculate the oxidation state of underlined: 
(a) Ba, XeO, (b) BaCl, (c) G,H»0, (d) IF 
(ec) Na{Fe(CN) NO} (f) RuO, (g) K,TaR; (h) Na, MoO, 
(i) U,04  (j) Cin diamond. 


arn --——(ii)-P, Hy, — PH,+- Py nn ——— 
[Himt: 3x (P,H, + 2H* + 2e—> 2PH,] 


2P,H, —> P,H, + 6H* + 6¢ 
5P,H, ——> 6PH, + P,H, J. 
(iii), Na,HAsO, +.KBrO, +. HCl ——» NaCl+ KBr + H,AsO, 
[Hint: [HAsO;” + H,O ——> H,AsO, + 2e]x3 
BrO; + 6H* + 6e —> Br +3H,O 
3HAsO;” + BrO3 + 6H* + 3H,O ——> 3H,AsO, + Br” + 3H,O 
or 3Na,HAsO, + KBrO, + 6HCl ——> 3H3AsO, + KBr + 6NaCl} 
(iv) FeS,.+ O. —— Fe,0; + SO, 
[Hiat; Both iron and sulphur in FeS, undergo a change in 


oxidation state. 
| Increase J 
42-1, - 43 


+4 
FeS, ———>Fe + 2SO, Total increase = 10+ 1=11 


~ {ncrease 5 x 2 =10 
os 20°" Total decrease = 2x 2= 4] 
— 7. (vy As.S5 + HNO, —> H;AsO, + H,SO, + NO, + H,O 


"Increase 5 x 8 = 40. 


. +5 : “+6 +4 
(Hint: “ASS, + sara —— » H,SO, + NO, ] 


-Decrease 1 x i= 1 


(vi) MnO + PbO, + HNO; — HMn0, + HINO), +H,O 
(vii), P+ NaOH + H,0 ae NalHPO, + + PH 


Increase 1x 1=1- 


. “gh : +h 
(Hint: P ——> NaH,PO2 + pe 
Decrease 1 x 3 = 3 
(viii) KCIO, + H,SO, —> KHSO, + O, + ClO, + H,O 
(Hint: {ClO} + 2H* + e—— ClO, + H,O} x2 
2C1IO; ——> 2ClO, + O, + 2e 


Ti.” Give the ‘Ridationsuicotundainee — ; 
mas () 8 710 


(by CaOCl, (c) NH,NO;~ 
(d) NH,NO, (e). KO,” (f) H,SO; 
(g) (CH3)SO (h) H,S,0; {i) Na,S,0, 
() Na, S40, (k) CrO; (1) CoSeO, 


12. Balance the following equations by ion electron method: 


~~{a) Zn'+ BrO; + OH” + 'H,O > [Zn(OH), Br 
(b) MnO} + HO —>» MnO; + OH” + MnO, 
(c) Fe(CN)¢" + H* + MnO; —— Fe** + CO, + NO + Mn?* 
(d) Cu,P+Cr,0?> —> Cu?* +H,PO,+ Cr** (acid medium) 
(e) Hg,(CN), +Ce** —> COS + NO} + Hg(OH), + Ce** 
(basic medium) 
(f) K sFe(CN)¢ 4 + C10, + KOH ——> K,Fe(CN), + K,CrO, 
+ H,O (basic medium) 
(g) Na,HAsO, + KBrO, + HCl ——> NaCl + KBr + HAsO, 
13. Calculate the oxidation state of vanadium in the following 
complex compound: RbNa[HV902¢ ] 
14, (a) Arrange the following compounds. in increasing order of 
oxidation number of manganese: 
MnCl, MnO,, KMnO,, K,MnO, - 

(b) Indicate valency and oxidation states of carbon in the 
following compounds: 

CH,, CH,Cl, CH,Cl,, CHC1;, CCl, 
15. Complete and balance the following compounds: 

(a) Acidic solution of Fe?* ion gives a brown ring when it 
comes in contact with NO; ion. Complete the following 
reactions of this process: 

[Fe(H,0), }?* + NO; + H’ —>.....+ [Fe(H,0),}"* + H,O 
[Fe(H,O),1°* ..... eos +H,0- 
(b) Cas(PO, )sF + H,SO, + H,O > sient + 5CaS-2H,O 


(c) Sn + 2KOH + 4H,O —> to. GTi} 1954 } 
(d) AIBr, + K,Cr,0, + H;PO, _ eee + AIPO, + sewer 


(e) K,Cr,0, + HCl —> KCl +.....4....4H,O {YY 1992; 
(f) Ag* + AsH, ——> H,AsO, + H* +..... 

16. Arrange following ions in increasing order of oxidation 
number of sulphur: 8,05 , HS”, HSO;, S$,02- 2 $,03- ; soz 


17. 


18. 


A 


2. 


~ EC. at ‘C= 


OXIDATION AND REDUCTION 


Determine equivalent weight of underlined species: 


(a) NH,NO, —> N,0+3H,0 


(b) 3MnO, + 6KOH + KCIO, —>3K,MnO,+ KCI + 3H,O 
(c) 2HS- + 4HSO, —> 38,03 + 3H,O 
(d) 3Cl, + 6(NaOH ——> 5NaCl + NaClO, +3H,O 


(ce) K,Cr,0, + 7H,SO, + 6FeSO, —» K,SO, + Cr,(SO,), 


+ 3Fe,(SO,), +7H,O 


Which of the following structures is accurate on the basis of 


formal charge? 
(a) H—_C=N°; (b) H—N= ch 
[Hint: (a) H— eal Ng 


FC=v-n-1B 
1 2 
ao OR aca 


4-0-=x8=-0 
Sr aS ae 


[A] (@—p); (b—p)s(¢—a,;d@—s) 
[B] (a — p); (b — s); (¢ — q); d—1) 
[C] (a —s); (b —q); (c — s); (d—p) 
[D] (a — p, q); ( — p, s); (c — p, q,. 5); (d — p, r). 
[E] (a —n); (b — p); (c —p, s); (d—q) 


Oxidising agent Reducing agent 
(i) FeCl, - SnCl, 
(ii) So, Mg 
(iii) O, so, 
(iv) Cl ; Ca 
(v) H gt Sn 2+ 
(vi) Cu* = r 
(vii) H,0, ia 
(viii) so, - HLS 
(ix) HNO, SO, 
(x) Cl, So, 
Oxidised Reduced 
(i) PbS H,0, 
(ii) H,S ; FeCl, 
Gil) HC MnO, 
(iv) SnCl, FeCl, 
(vy) =C,07°0 MnO; 
(vi) NH, BrO; 
(iil) = soe. Cl, 
(viii) i" Cl, 


. (a) HIC-1), 1,(0), IC\(+ 1), HIO,(+ 7) 


(b) HCK(— 1), C1,(0), C1,OG 1), CIF,(+ 3), C1,0, (+7) 
(c) NH,(~ 3), NsH(-1/3), N>O(+ 1), NO(+ 2), N,Os(+ 5). 


. G +5 G)+5 Gi)+5 Gv) +2 (W) +2 Wi +6 
is present) (vil) +5 (vii) +1 - 


(one peroxo linkage 
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FC. at ‘N'= 5-2-2 x6=0 
(b) H~-N=C? 

RC.at ‘H’=1-0->x2=0 


F.C. at ‘N’=5—0- ; x8=tL 


RC. at'C'= 4-2-2 x6=-1 . 
Structure (a) having zero formal charges at each atom will be . 
accurate] ~ 

19. On the basis of formal charge select the most plausible 
structure: 

(a) HyNOH or H,ONH (b) SCN” or CNS” or CSN™* 
(co) [3 N= N= Nt is orf tN —N= No a7 
— @! NOCI or ONCI ~ 


(ix) +5 (x).+6 (xi) +7 (xii) +4 (xiii) -3 (xiv) 
0 (zero)(xv) +3 (xvi) + 6 (xvii) + 5 Cy +8 (ix) ey 
0 (zero). 
i (a) MnO, (b) H,PO, (c) CH,Cl, (d) HCl. 
“7, (i) MnO; +5Fe** + 8H* —> Mn”* + 5Fe** + 4H,O 
(ii) 2MnO; + 38n03* + H,O —> 2MnO, + 3Sn02" + 20H” 
(iii) 3Cu + 2NO; +8Ht —>3Cu** +2NO+4H,0 
(iv) Cl, +10; + 20H ——>10; + 2CI° + H,0 | 
(v) 31, + 6NaOQH —> NalO, + 5Nal +3H,O © 
(vi) 4Zn + NO; +70H” ——> 4Zn03 + NH, + 2H,O 
(ix) 4Zn + NO; +10H* ——> 4Zn?* + NH} +3H,O 
(xii) CO** + NO; + 2H* —> CO* + NO+H,0 
(xvi) Cr,05° + 14H* + 3C,03° —> 2Cr** +7H,O + 6CO, 
(xvii) AsH, + 3H;0 + 6Ag* —> H,AsO, + 6H* + 6Ag 
8. (i) CO + Fe,0, —> 3FeO + CO, 
(ii) SHO, + 2ClO, + 20H —— 2CI +50, + 6H,0 
(iii) Cr,02 + 61” +14H* —> 2Cr** +31, +7H,O 
(iv) Cr,07 +3HNO, +5H* —— 2Cr** + 3NO; + 4H,0 
(v) 2KI + 2H,SO, ——> K,SO, +1, + SO, + 2H,0 
(vi) 3HgS + 12HCI + 2HNO;, —> 3H,HgCl, + 2NO +38 - 
+ 4H,0_ 
(ix) 3Cu,0+ 14HNO, — > 6Cu(NO,), + 2NO +7H,O 
(x) AuCl; + Sn** +3H* —> AnCl + Sn** +3HCI 
(xi) 4S + 60H” ——> 28?" + S,07 +3H,O 
(xii) NaClO, + 6KI + 6HCl —> NaCl + 6KCI + 31, + 3H,0 
(xiii) 2PbCrO, + 6FeSO, + 8H,SO,—> 2PbSO, + Cr,(SO,); 
+ 3Fe,(SO,), + 8H,O 
(xiv) As + SHNO, —> HAsO, +5NO, + H,O 
(xv) Fe,(SO,), + H,SO, + H,O ——» 2FeSO, + 2H,SO0, 
(xvi) C,H,,O, + 12H,SO, ——> 6CO, +1280, +18H,O 
9. (i) 2Ca,(PO,), + 6SiO, + 10C —> 6CaSiO, + P, +10CO 
(iv) 4FeS, +110, —> 2Fe,0, +850, 


EE emma EL 


: 
i 
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(v) rece + 40HNO, > SHS, + 2H,As0, + 40NO, . 


+ 12H,0 
(vi) 2Mn0 + SPbO, +10HNO, —> > 2HMn0, + 5Pb(NO;), 


+ 4H,0 


“ $et-1 : Questions with single correct answer 
1. Oxidation is defined as:. : 
(a) loss of electrons (b) gain of electrons 
(c) gain of protons  (d) loss of protons 
2. Areducing agent is a substance which can: 
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(vil) 4P + 3NaOH + 3H,0 ——> 3NaH,PO, + PH, 


10. 


= OniEcrive QuESTIONS ——— 


12. 


13. 


(ix) 4Ag +8KCN + O, + 2H,O —> 4KAg(CN), + 4KOH 
(x) Ca(OCl, +4KI+4HCI—> CaCl, +4KCl+ 21, + 2H,0 
(a)0(b) +2 (c)0 (4) +7 (€)3 +8 (2) +5 (h)+2.(+5.G) 0 


Which of the bileaiag is not a redox change? 

(ay 2H,S + SO, = 2H,0 +38 

(b) 2BaO + O, = 2BaO, ; 

(c) BaO, + H,SO, = BaSO, + H,O, 

(d) .2KCIO, = 2KC1 + 30, 

The conversion of K,Cr,O, into Cr,(SO,)3 is a process of: 


(by) donate electrons” —S- 


(a) oxidation @) reduction 


3. A redox reaction is: 
(a) proton transfer reaction (b) ion combination reaction 
(c) a reaction in solution —_(d). electron transfer reaction 
Which of the following is not a redox reaction? © 
(a) Burning of.candle.. .__.(b). Rusting.ofiron... _. . 
(c) Dissolving a:salt in water (d) Dissolving Zn in dil. H,SO, 
5. . The reaction, H,S + H,O, = S + 2H,O manifests: 
(a) oxidising action of H,O, (b) reducing nature of H,O, 
-- (c) acidic nature of H,0; © (d) alkaline nature of H,0, 
6... The paidetion number of Fe in K,Fe(CN)6 i is: . 
(CBSE 1993; KCET 2008) 


(a) +6 : +4) (c} +3 (d) +2 
7. In Ni(CO),, the oxidation state of Niis: 
(a).4 (b) zero . (c) 2 (d) 8 


8. Pick the group which does not contain a neutral oxide : 
(ISAT 2016) 
(a) NOx, P,0,); ALO;, NO (b) MgO, N,0,,SO;, N,O 
(c) CO,,S0,; CaO; XeO, (d) CO, SiO, ; SnO,, Na,O, 


9. Magnesitim reacts with acids producing hydrogen and 
corresponding magnesium salts. In such reactions Mg 
undergoes: 

(a) reduction 
(b) oxidation 
(c) neither oxidation nor reduction 
(d) simple dissolution 
10. When P reacts with caustic soda, the products are PH, and 
NaH,PO.,. The reaction is an example of: 
(a) oxidation 
(b) reduction 
(c) both oxidation and reduction ~ 
(d) neutralisation 
11. Which of the following reactions is not a redox reaction ? 


[PET (Raj.) 2608] 
(a) Agt + Cl ——> Agcl 
(b) Zn(s) + Cu?*(ag.) —> Zn? *(aq.) + Cu(s) 


(c) 2Mg(s)+ O,(g) ——> 2MgO0 
(d) FeO+ C —>3 ‘Fert co 


14. 


15. 


16. 


17. 
18. 


19. 


20. 


21. 


22. 


23. 


(c) décomposition (d) substitition ~~ 
. Inthe reaction, 2Na,S,0, +1, = Na28s0s + 2Nal, I, acts as: 
(a) reducing agent 
(b) oxidising agent 
(c) oxidising as well as reducing agent 
.(d) none.ofthe.above. ~.-.-- ie BERL Rai ti 
The most common oxidation state of oxygen is —2. This is best 
explained as due to: 
(a) 2 electrons in the outermost shell 
(b) 4 electrons in the outermost shell 
(c) 6 electrons in the outermost shell 
(d) 8 electrons in the outermost shell 
Select the compound in which chlorine shows oxidation state 
+7: 
(a) HCIO, (b) HCIO, (c) HClO, (d) HClO 
Which one of the following is a reducing agent? 
(a) Ozone (b) Chlorine (c) FeCl,  (d) Na,SO, 
The oxidation number of nitrogen in NH,OH is: 
(a) zero (b) +1 (c) -1 (d) —2 
HBr and HI reduce sulphuric acid. HCl can reduce KMnO, 
and HF can reduce: 
(a) H,SO, (b) KMnO, 
(c) K,Cr,0, (d) none of these 
One mole of N,H, loses 10 moles of electrons to form anew 
compound Y. Assuming that all nitrogen appear in the new 
compound, what is the oxidation state of nitrogen? (There is 
no change in the oxidation state of hydrogen.) 
(a) —1 (b) -3 (c) +3 (d) +5 
The brown ring complex compound is formulated as 
AHO CNOUISO,: The oxidation state of iron is: 
(CET Karnataka 2669} 
(a) +1 (b) +2 (c} +3 - (d) zero 
A solution of sodium metal in liquid ammonia is strongly 
reducing due to the presence of : 
(a) sodium atoms (b) sodium hydroxide 
(c) sodium amide (d) solvated electrons 
In which of the following compounds, iron has an oxidation 
state of +37 GOPAVT 2685) 


24. 


25. 


26. 


27. 


OXIDATION AND REDUCTION 


(a) Fe(NO;), 

(b) FeC,0, 

(c) [Fe(H,0)_]Cl, 

(d) (NH,),SO, - FeSO, -6H,O0 

When KMn0O, is reduced with oxalic acid in acidic solution, 
the oxidation number of Mn changes from: 

(a) 7 to2 (b) 7to4 = (c) 7to6 (d) 6to2 

In which of the following reactions the underlined substance is 
oxidised? 

(a) 3Mg+N,+Mg,N,  (b) 2K1+ Br, = 2KBr+1, 

(c) Cu0+H, =Cu+H,O0 (4) CO+ CI, = COC, 

Of the following elements, which one has the same oxidation 
state in all of its compounds? 

(a) Hydrogen (b) Fluorine (c) Carbon (d) Oxygen 
When tin(IV) chloride is treated with excess of conc. 
is formed. The 


oxidation state of | tin in this complex ion is: 


37. 


39. 
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In a reaction, the oxidation number of an element becomes 
zero from —1. It is a case of: 

(a) oxidation 

(b) reduction 

(c) neither oxidation nor reduction 

(d) both oxidation and reduction 


. Cl,+HS — 2HCI+ §, 


In the above reaction, oxidation state of chlorine changes 


from : [PET (Rai.) 2068} 
(a) zero to -1 (b) | to zero 
(c) zero to | (d) remains unchanged 


During electrolysis the reaction at anode is: 
(a) oxidation (b) reduction 
(c) decomposition (d) none of these 


. Which of the following is a mild oxidising agent? 


28. 


29. 


30. 


31. 


32. 


33. 


34, 
35. 


36. 


“(a) +4 (b) zero. (c) -2 (d) 4 
In the following reaction, 42. 

3Br, + 6CO; +3H,O=SBr + BrO; + 6HCO; 
|PMT-(MP) 1997] 43. 


_ {a)_bromine is oxidised, carbonate is reduced _ 


(b) bromine is reduced, carbonate is oxidised 

(c) bromine is neither reduced nor oxidised 

(d) bromine is reduced as well as oxidised 

If an element is in its lowest oxidation state, under proper 
conditions, it can act as: 

(a) a reducing agent 

(b) an oxidising agent 

(c) oxidising as well as reducing agent 

(d) neither oxidising nor reducing agent 

The oxidation state of phosphorus varies from: 

(a) —l to+1 (b) -3 to +3 

{c) -3 to +5 (d) 5 to +1 

In which of the following reactions no change in valency occurs? 
(a) SO, + 2H,S —— 3S + 2H,O 

(b) 2Na + 0, —~> Na,O, 

(c) Cl, + 2NaOH ——> NaClO + NaCl + H,0 

(d). AgNO, + KCl ——> AgCl + KNO, 

When SO, is passed through an acidified solution of K,Cr,0,, 
then chromium sulphate is formed. Change in oxidation state 


of Cr is from: (KCET 2008) 
(a) +4 to +2 (b) +6 to +3 
(c) +7 to +2 (d) +5 to +3 


In a reaction, 

2Ag + 2H,SO, —— Ag,SO, + H,O + SO,, H,SO, acts as: 
(a) reducing agent (b) oxidising agent 

(c) dehydrate (d) none of these 

Oxidation number of iodine varies from: 

(a) -l to +1 (b) -l to+7 (c) +3to+5 (d) -l to 45 
Oxidation number of fluorine in F,O is: 

(a) +1 (b) +2 (c) -1 (d) -2 

In the compounds KMnO, and K,Cr,0,, the highest oxidation 
state is of the element: 


(a) potassium (b) chromium(c) oxygen (d) manganese 


(a 42,0 


45. 


46. 


47. 


48. 


49. 


(a) Ag,O (b) KMnO, (c) K,CrO, @ Cl, 
41. The common oxidation state of alkali metais in the combined 
‘state ts. — ; rs 
(a) +1 (b) +2 (c) -1 (d) -2 
Carbon is in highest oxidation state in: 
(a) CH,Cl = (b) CCI, (c) CHCl, (d) CH,Cl, 


The oxidation number and covalency of sulphur in S, is: 

{b)_0,.2....(€}.0, 8. {d) 6, 2 

Addition of iron or zinc to copper sulphate causes 

precipitation of copper owing to the: 

(a) reduction of Cu* (b) oxidation of Cu?* 

(c) hydrolysis of CuSO, (d) ionisation of CuSO, 

In a reaction, 
H,O (steam) + C (glowing) = CO + H, 

(a) H,0 is the reducing agent 


. (b) H,0 is the oxidising agent 


(c) carbon is the oxidising agent 
(d) oxidation-reduction does not occur’ 


The oxidation numbers of C in CH,, CHCl, CH,Cl,, CHCl, 


and CCl, are respectively: 
(a) + 4,+2,0,-2,4 (b) + 2,+ 4; 0, -4, -2 
(c) -4,-2,0,+2,+4 (d) -2,-4,0,+4,+2 
Which of the following statements is correct? 
(a) Oxidation of a substance is followed by reduction of 
another 
(b) Reduction of a substance is followed by oxidation of another 
(c) Oxidation and reduction are complementary reactions 
(d) It is not necessary that both oxidation and reduction 
should take place in the same reaction 
Reduction never involves: 
(a) gain of electrons 
(b) decrease in oxidation number 
(c) loss of electrons 
(d) decrease in valency of electropositive component 
In which of the following reactions has the underlined 
substance been reduced? 
(a) Carbon ‘monoxide + copper oxide —— carbon dioxide 
+ copper 
(b) Copper oxide + hydrochloric acid ——> copper chloride 
+ water 
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50. 
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(c) Hydrogen + iron oxide ——> iron + water 
(d) Steam + iron —— iron oxide + hydrogen 
In which of the following reactions, the underlined element 


_ has decreased its oxidation number during the reaction? 


$51. 


§2. 


eee C.3 MS 057 5577 
nen 3,--[-the-ahumino-thermic-process; aluminium-acts-as: 


56. 


57. 


58. 


(a) Fe + CuSO, —- Cu + FeSO,: 

(b) H, + Cl, —> 2HCI 

(c) C+ HO —> CO+H, 

(d) MnO, + 4HCl ——» MnCl, + Cl, + 2H,0 


If three: electrons are lost by a metal ion, M 3+ its final 
oxidation number would be: 

(a) zero (b) + 6 

(c) +2 (d) +4 

Select the compound in which chlorine is assigned the 
oxidation number +5: 


65. 


66. 


. (a) It is a redox reaction 


(b) Metallic iron is a reducing agent 
(c) Fe** is an oxidising agent 
(d) Metallic iron is reduced to Fe?* — - 


. Which of the following halide ions is easiest to oxidise? 


(a) F~ (b) Cr (c) Bro Ce 

In the reaction of sodium thiosulphate with I, in aqueous 
medium the equivalent weight of sodium thiosulphate is equal 
to: jJEE (WB) 2010] 
(a) molar mass of sodium thiosulphate 

(b) the average molar masses of Na,S,O, and I, 

(c) half the molar mass of sodium thiosulphate 

(d) twice of molar mass of sodium thiosulphate 

The oxidation number of chlorine in-HOCI is: 

(a) -1 (b) zero (c) +1 (d) +2 


—{0) HEIO; —{e)-HElO; —{)-HEr- 


67._In the reaction, Cl, + OH” ——> Cl + ClQ;-+H,0, chlorine 


is: 


(a) an oxidising agent 
(c) a reducing agent 


(b) a flux, 
. (d) asolder 
The strongest reducing agent is: 


@) K () Ca @ AL @ Zn 


. Inthe reaction; Zn-+H;S0;—> ZnSO;+ H,; Zn undergoes: 


(a) oxidation - (b) reduction 

(c) simple dissolution (d) double decomposition 
Phosphorus has the oxidation state of +3 in: 

(a) ortho phosphoric acid (b) phosphorus acid 

(c) meta phosphoric acid = (d)_ pyrophosphoric acid 
Oxidation number of P in POg , of S in SOZ” and that of Cr in 
Cr,03” are respectively: , 
(a) -3, +6 and +6 (b) +5, +6 and +6 
(c) +3, +6 and +5 ' (d) +5, +3 and +6 
The conversion.of PbO into Fotos involves: 


~ (a) oxidation 


_ $9, 


60. 


61. 


62. 


(a) KzMnO, (b). KMnO, 


(b) reduction 

(c) neither oxidation nor reduction 

(d) both oxidation and reduction 

The highest state of Mn is shown in: 

(c) MnO, = (d) Mn,0, 

In which one of the. following changes, there i is transfer of five 
electrons? — : 


(a) MnO; ——> Mn?* (b) Cro? ——> cr** 

(c) MnO; ——> MnO, (d) CROF —> 2Cr*# 

The oxidation number of penne in Ba(H,PO)), i is: 
(HT 1990) 

(a) +3 (b) +2» ©) +1 ~@-l 

The oxidation state of the most electronegative element in the 


: products ws the reaction between.BaO, and H,SQ, are: © 


CHT 199%} | 


(a) 0 and~I 
(¢).+2 and 0 


(b) -1and ~2 
‘(d) -2and +1 


. In the reaction, 4Fe + 30, ——> 4Fe** + 60” which of the 


following statements is incorrect? _ (MLNR 1991) 


{CBSE (PMT) 2009] - 


68. 


69. 


70. 


71. 


72. 
73. 
74. 
75. 


76. 


‘eas 


(a), oxidised 
(b) reduced 
(c) oxidised as well as reduced 
(d) neither oxidised nor reduced 
The oxidation number of arsenic atom in HAsO, is: - 
“ey = Ok Le he —— 


In which of the following reactions, hydrogen is acting as an 
oxidising agent? 


-(a) With iodine to give aes iodide : See tras 


(b) With lithium to give lithium hydride 
(c) With nitrogen to give ammonia 
(d) With sulphur to give hydrogen sulphide 
In acid medium, the reaction, MnO; ——> Mn?* is: 
(a) oxidation by 3 electrons (b) reduction by 3 electrons 
(c) oxidation by 5 electrons (d) reduction by 5 electrons 
For the redox reaction, 
“MnO; + C,07° + H* —> Mn” + CO, +H,0— 
the correct coefficients of the reactants for the thalascad 


equation are: (IIT 1992) 

. MnO; C,07° H* 
‘(a) 2 5 16 
(b) 16 - SS 2 
(c) 5 16 a3 
@ 2 °- ‘16 5. 
The oxidation number of Pt in [Pt(CH,)C1,] is: 

(MULNR 1993) 

(a) +1 @) +2 (c) +3 (d) +4 
Oxidation number of P in Mg,P,O, is: 
@+3 - @®+2 @+5 @-3 
The “oxidation number of phosphorus in PO} »P,O,9 and 
P,OF” is: : ; (CPMT 1992) 
(a) +5 ee () 3 (d) +2 


The oxidation state of Cr in K,Cr,O,j is: 
|CEE (Bihar) 1992; AFMC 1993] 
() +3 (d) +2 


(a) +7 (b) +6 


Bromine reacts with hot aqueous alkali to give bromide and 
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bromate. What is the change that is brought about in oxidation 
state of bromine to bromate? 


(a) -lto+5 (b) Oto+5 
(c) -lto+7 (d) None of these 
77. Which one of the following leads to redox reaction? 
(a) AgNO, + HCl (b) KOH + HCl 
(c) KI+C, (d) NH, + HCl 
78. Oxidation number of ‘S’ in Na,S,O, is: (CBSE 1993) 
(a) + 0.5 (b) 2.5 (c) +4 (d) +6 


79. Which one of the following is not a redox reaction? 
(ATIMS 7993) 
(a) CaCO, ——» CaO + CO, . 
(b) 2H, + O, ——> 2H,O 


(c) Na + HO —> NaOH + SH, 


anaes -—-@)-MnC}, => MnCl, +5. pests tS at een AG aaa 
~~ $0. The oxidation number of sia Ta NOS i: tits 
(a) -1 (b) +2 (c) +3 (d) +5 
81. Oxygen has an oxidation state of + 2 in: 
(a) H,O, . (b) OF, ({c) SO, (d) HO 
$2. When iron is rusted, it is: 
(a) oxidised ~-  ~- (b) reduced 


(c) evaporated (d) decomposed 
83. An element, which never has a positive oxidation state in any 
of its compounds, is: 
(a) boron (b) oxygen 
(c) chlorine (d) fluorine 
84. Starch iodide paper is used to test for the presence of : 
(a) iodine — (b) iodide ion — 
(c) oxidising agent  -(d) reducing agent 
85. Which of the acid possesses oxidising, reducing and.complex 


forming properties? 
(a) HNO, = (b) H,SO,° (¢) HCI (d) HNO, 

86. Which substance is serving as a reducing agent in the 
following reaction?. 


14H* + oe + 3Ni —> 2Cr** + 7H,O + 3Ni?* 
(CBSE 1554) 


@)H,O Ni () H* (d) Cr,0OF 

87. The oxidation state of iodine in H,JO¢ is: 
(a)+7 ~~ (b) = 1 (c) +5 (d) +1 

88. Oxidation number of N in NH,NO, is: = {PMT (KRaj.) 1693] 
(a) 33 (b) +5 (c) -3 and +5 (d) +3 and—5 


89. The element, which shows minimum oxidation number in its 
compounds, is: : ; 


(a) Fe (b) Mn (c) Ca (d) K. 


90. In which of the following compounds, the oxidation number 


of iodine is fractional? {PET (Raj.) 1992} 
(a) IF, (b) I; (c) IF; (d) IF; 
91. The missing term in the following equation is: 
(2Fe** + Sn?* 


(b) Sn?** 


—> 2Fe** 


(a) Sn** (c) Sn* —d) sn* 


[PET (Raj. 1992] 


92. A compound contains atoms A,BandC. The oxidation 
number of A is + 2, of B is + 5 and of C is ~2. The possible 
formula of the compound is: 

(a) ABC, (b) B, (AC; ), 
(c) A3(BC,), (d) A3(B,C ), 

93. The correct set of oxidation numbers of nitrogen in 
’ ammonium nitrate is: {PET (Raj.) 2067] 
(a) -3,+3 (b)-1+1 ()+L-1 (@ -3,+5 
94, In which of the following pairs, the oxidation states of sulphur 
and chromium are same? {PET (Raj.) 2007] 

(a) SO3", Cro?" (b) SO,, Cro? 
(c) SO,, Cro?" (d) SO,, Cr,03- 

95. For the redox reaction, HgCl, + SnCl, ——> 2Hg + SnCl,, 

the correct coefficients of reactants for the balanced equation 


are: 
“(ay 1,7 Sty ae ae eg eye es Soe oe (b) 1, [2 oe ee 
= ey BT a ene ttn pr “ay pa 5 ese eres eg gee ee eer, Se 


96. The value of a in the following equation is: 


Cr,03" + 14H * + nFe? * —> 2Cr* + nFe®* + 7H,0 
[PET (MP) 2008] 
_ (a) 2 (b)3  @7 (d) 6 


97, In the reaction, 8Al+3Fe,0,—>4Al,0,+9Fe, the 
number of electrons transferred from reductant to oxidant is: 
(a) 8 (b) 4 (c) 16 (d) 24. . 
[Hint: 8Al —> 8Al** + 24e 
9Fe** + 24¢ —> 9Fe ] 
98. Which of the following examples does not represent 

disproportionation? 
(a) MnO, + 4HC] —> MnCl, + Cl, + 2H,0 
(b) 2H,O, ——> 2H,0 + O, 
(c) 4KCIO,; —> 3KCI0, + KCl 
(d) 3Cl, + 6NaOH ——> 5NaCl + NaClO, + 3H,O 

‘99. Why is the following reaction is not possible? 

Cr02 + Fe* + Ht 9.0. 4...4... 
(a) Both Cr,07 and Fe** are reducing agents 
(b) Both Cr,05" and Fe** are oxidising agents 
(c). Cr,0F" is a strong oxidising agent while Fe* 
oxidising agent 

(d) The solution is acidic in nature 

100. Which one-of the following statements is not correct? 
(a) Oxidation number of S in (NH, ),S,0, is + 6 
(b} Oxidation number of Os in OsO, is + 8 
(c) Oxidation number of S in H,SO, is + 8. 


is a weak 


(d) Oxidation number of O in KO, is ~ : 


101. The oxide which cannot act as a reducing agent, is: 
{CBSE 1995) 
(a) SO, (b) NO, 
©) ©; (d) ClO, 
102. Coordination number and oxidation number of Cr in 
_K,Cr(C,0,), are respectively: (CBSE 1893) 
(a) 4and+2 (b) 6and+3 (c) 3and-3 (d) 3 andO 
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103. 


104. 


105. 
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In the following reaction, 
4P + 3KOH + 3H,O —— 3KH,PO, + PH, 
{a) P is oxidised only 
(b) P is reduced only 
(c) Pis oxidised as well as reduced 
(d) none of the above 


Which reaction does not involve either oxidation nor 
reduction? 


(a) Vo?* —> V,0, (b) Na —> Na* 

(c) Cro? —>cr02 = (d). Zn** —> Zn 

In which of the following processes is nitrogen oxidised? 
(a) NH,’ —> N, (b) NO; ——> NO 

(c) NO, ——> NO, (d) NO, —> NH; 


107. 


108. 


109. 


110. 


111. 


112. 


113. 


114. 


115. 


116. 


117. 


118. 


119. 


The oxidation state of ‘S’ in H,S,Q, is: 

{PET (MP) 2002; RPMT 2007| 
(a) +2 (b) +4 (c) +6 | (d) +7 
Which is not a disproportionation reaction? 


Al Hs) 
(a)2 (\ CHO 
QO 


CH,OH COO™ 
(b) | + OH” —> | + | 
COOH coo” coo 


(c) NaH + H}O —>» NaOH + H, 


CHO 


(b) +2- (c) +4 (d) -4 
How many moles of electrons are involved in the reduction of 
one mole of MnO, ion in alkaline medium to MnO; ? 


(a) 2 {b) 1 (c) 3 (d) 4 

One mole of NH, loses 10 moles of electrons to form a new 
compound Y. Assuming that all nitrogen appears in the new 
compound, what is the oxidation number of nitrogen in Y 
(there is no change in the oxidation state of hydrogen)? 

(a) -3 (b) +3 (c) + 5 (d) +1 
Oxidation number of C in HNC is: 
(a) +2 (b) -3 ‘(c) +3 
Oxidation number of Fe in Feg 940 is: 
(a) 200 (b) 200/94 (c) 94/200 (d) none of these 
Oxidation number of Fe in Na,[Fe(CN), NO] is: 


(a) +2 (b) +1 (c) +3 (d) -2 
Oxidation number of Cl in CaOCl, is: 


(a) —land + 1 (b) +2 

(c) ~Z ; (d) none of these 
Equivalent weight of FeC,O, in the change, 
FeC,0, ——> Fe** + 2CO, is: 

(a) M/3 (b) M/6 (c) M/2 
Oxidation state of Fe in Fe,Og is: (CBSE 1999) 
{a) 3/2 (b) 4/5 (c) 5/4 (d) 8/3 

In which of the following compounds transition metal has zero 
oxidation state? (CBSE 1999) 
(a) CrO, (b) Fe;0,  (c) FeSO, (d) Fe(CO), 
The oxidation number of sulphur in S,, S,F, and H,S 
respectively are: (iT 1999) 
(a) 0, +1 and -2 (b) +2, +1 and -2 

(c) 0, +1 and +2 (d) —2, +1 and -2 

The reaction, 3ClO” (aq) — ClO;(ag) + 2CI(aq.) is an 
example of: [HFT (S) 2000] 
(a) oxidation reaction : 
(b) reduction reaction 

{c) disproportionation reaction 
(d) decomposition reaction 


(d) zero 


(4) M/ 


120° 


__(d) CnOF + 20H —>.2CrO7 + H,O 


121: 


122. 


123. 


124. 


125. 


126. 


“127. 


Which of the following is a disproportionation reaction? 
(a) Cu,0 + 2H* —> Cu + Cu* + H,0 

(b) 2CrO? + 2H* ——> Cr,07" + H,O 

(c) CaCO, + 2H* —> Ca** +H,0+ CO, 


When KMn0O, acts as an oxidising agent and ultimately forms 


MnO}, MnO,, Mn,O, and Mn”*, then the number of 
electrons transferred in each case respectively is: 


(AIEEE 2002) 
(a) 4,3,1,5 (b) 1,5, 3,7 
(c) 1,3,.4,5 (d) 3,5, 7, 1 
Which of the following is a redox reaction: (AIEEE 2002) 


(a) NaCl + KNO, ——> NaNO, + KCl 

(b) CaC,0, + 2HCl —— CaCl, + H,C,0, 

(c) Mg(OH), + 2NH,Cl ——> MgCl, + 2NH,OH 

(d) Zn + 2AgCN —— 2Ag + Zn(CN), 

For the decolourisation of 1 mole of KMnO,, the no. of moles 


of H,O, required is: (ATEMS 2004) 
1 3 5 7 

a) — = ce) = d) - 

{a) 5 (b) 5 (c) 5 (d) re 

In H,O,, the oxidation state of oxygen is: (CPMT 2000) 

(a) -2 ‘(b) -1 (c) 0 (d) ~4 


The reaction of KMnO, and HCI results in: 

(a) oxidation of Mn in KMnO, and production of Cl, 
(b) reduction of Mn in KMnO, and production of H, 

(c) oxidation of Mn in KMnO, and production of H, 

(d) reduction of Mn in KMnO, and production of Cl, 
Consider the following reaction, 


5H,0, + xClO, + 20H” —>x Cl” + yO, + 6H,O 
The reaction is balanced if: 
(a) x=5, y=2 
(c) x= 4, y=10 
In the chemical reaction, 


(b) x= 2, y=5 
(d) x=5, y=5 


Ag,0 + H,O + 26 ——> 2Ag + 20H™ 
(a) water is oxidised 
(c) silver is oxidised 
(e) hydrogen is reduced 


. (b) electrons are reduced 
(d) silver is reduced 


128. 


129, 


130. 


131. 


132. 


po As ——the-compound?—..— 


133. 


134. 


135. 


136. 


137. 


138. 


139. 


146. 


Separately to give. | JEE (Orissa) 2006] 
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The reaction, 2H,O(/) —» 4H*(aq.) + O,(g) + 4e° is: 141. The oxidation number of cobalt in K[Co(CQ), ]is: 
’ (a) aredox reaction (b) a hydrolysis reaction (a) +1 (b) +3 (c)-1 (d) -3 

(c) a solvolysis reaction (d) an oscillatory reaction 142. The oxidation state of iodine in IPO, is: |JEE (Orissa) 2005] 
(e) an acid catalyst reaction (a) +1 (b) +3 
Which of the following molecules can act as an oxidising (c) +5 (d) +7 
agent as well as a reducing agent? [Hint: Let oxidation state of iodine be x 
(a) H,S (b) SO, (c) H,0, (d) F, x-3=0, x=+3, 
(e) H,SO, “2 POY has combined oxidation number —3.] 
Which of the following is not a reducing agent? 143. The oxidation state of Cr in [Cr(NH;),Cl,]" is: 
(a) SO, (b) H,O, = (¢) CO, (d) NO, (a) +3 (b) +2 
Equivalent mass of oxidising agent in the reaction, (c) +1 (d) 0 

SO, + 2H,S ——> 3S + 2H,0 is: 144, Nitrogen oe a variety of ea aioe in all oxidation states 
A,B andC are three elements forming part of a compound in (a) -3 to 5 (b) -3 to +3 
oxidation states of +2, +5 and —2 respectively. What could be (c)—3 to +4 (d) -3 to +6 5 

145. JIn_alkaline_medium, H,O,_reacts_with Ke** and Mn** 


Among the. following, identify the species with an atom in +6 
oxidation state: 


(a) MnO; == (b) Cr(CN)§ (c) NI” — @)-CrO,Cl, 

On reduction of KMnO, by oxalic acid in acidic medium, the 
oxidation number of Mn changes. What is the magnitude of 
this change? 

(a) 7 to 2 (b) 6 to2 (c) 5to2 (d) 7 to 4 

The oxidation number of iron in Fe,O, is: 

(a) +2 (b) +3 (c) 8/3 (d) 2/3 

Number of moles of RCH 0, reduced ny one mole of Sn7* 


ions is: 
(a) 1/3 (b) 3 (c) 1/6 (d) 6 
In standardization of Na,S,O, using K,Cr,O, by iodometry 


‘the equivalent weight of K,Cr,0, is: 


(a) molecular weight /2 (b) molecular weight /6 

(c) molecular weight /3° _. (d) same as molecular weight 

In the balanced chemical reaction, 

IO; + al” + BH* —> cH,0+ dl, 

a,b,c and d tespecavely correspond to: (AIIMS 2005; 
AMU 2009) 

(a) 5,6,3,3 (b)5,3,6,3 (c)3,5,3,6 (d)5,6,5,5 

[Hint: The balanced equation will be: 

10; + 5T + 6H* —31, +3H,0] 
In alkaline medium ClO, oxidises to HO, and O, and itself 
gets reduced to Cl”. How many moles of HO, are oxidised by 


1 mole of C1O,? (PET 2005) 
(a) 1 (b) 1.5 (c) 2.5 (d) 3.5 _— 

5S a 

{Hint: The balanced chemical equation is: 


2ClO, + 5SH,0, + 20H” ——> 2CI" +50, + 6H,O 


2 mol ClO, =5 mol H,0, 

1 mol ClO, = 2.5 mol H,0, ] 
Oxidation number of xenon in XeOF, i is: [CET (J&K) 2005] 
(a) zero (b) 2 
(c)4 @3- 


146. 


147. 


148. 


149. 


150. 


(a) Fe** and Mn‘* — 
(c) Fe** and Mn‘** 


(b) Fe?* and Mn** 
(d) Fe** and Mn** 


3+ a 
[Hint:  2K,[Fe(CN)]+ 2KOH + 3H,0, —> 


2K,{Fe(CN,]+ 2,0 + 0, 


2 4 
Mn SO, + H,0O, ——> MnO, + H,SO,] 
CrO, has structure as shown, 


ea 
| a 


The oxidation number of Phas in the above compound is: 

[PMT (Kerala) 2006; JEE (Orissa) 2008] 
(a)+4 = (b) +5 (c) +6 (d) +10 (e) 0 
Which of the following chemical reactions depicts the 
oxidising behaviour of H,SO,? _ (AIEEE 2006) 
(a) 2Hi + H,SO, —- I, + SO, + 2H,0 
(b) Ca(OH), + H,SO, ——> CaSO, + 2H,O 
(c) NaCl + H,SO, ——> NaHSO, + HCl 
(d) 2PC1, + H,SO, ——~>.2POCI, + 2HC1 + SO,Cl, 
The oxidation numbers of the sulphur atoms in peroxy- 
monosulphuric acid (H,SO,) and peroxydisulphuric acid 
(H,S8,0, ) are respectively : [JEE (7 & K) 2009| 
(a) +8 and +7 (b) +3 and +3 
(c) +6and +6 (d) +4 and +6 
When phosphorus reacts with caustic soda, the products are 
PH, and NaH,PO,. This reaction is an example of: 

[BHU (Mains) 2007] 

(a) oxidation (b) reduction 
(c) disproportionation (d) none of these 
When hydrogen peroxide is added to acidified potassium 
dichromate, a blue eeu is i produce due to formation of: 
‘ [PET (Kerala) 2087] 
(a) Cro, (d) CrO,” 


(e) Cr,077 


(b) Cr,0,  (c) CrO, 
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(Hint! K,CrO,+H,SO, —> K,SO, + H,Cn0, 154. The reaction : 
[H,0, —> H,0 + (O)]4 3C1O” ——>CI0} + 2CI” is an example of: 
H,Cr,0, + 4(0) —> 2CrO, + H,0 — ; ia (SCRA 2009) 
K,Cr,0, + H,SO, + 4,0, —> 2Cr0, + K,SO, +5H,0] (a) oxidation reaction 


(b) reduction reaction 
(c) disproportionation reaction 
(d) decomposition reaction 
155. Which of the following species will not exhibit dispro- 


151. Number of moles of MnO; required to oxidise one mole of 
ferrous oxalate completely in acid medium will be: - 
(a) 7.5 moles (b) 0.2 moles (c) 0.6 moles (d) 0.4 moles 
{CBSE-PMT (Pre) 2608] 


portionation reaction? {AME Engg) 2009] 
(Hint: 2MnO; +16H* +5C,0}7> ——> 2Mn* + 10CO, (a) ClO" (b) C10; 
Number of moles of MnO] required to oxidise one mole of j (c) ClO; : (d) ClO; 
Ghali =e =04] 156, Which of the following shows nitrogen with its increasing 
‘im - oe 5 " biel i 10;,KI and J order of oxidation number ? pERUT Cerala) 2016] 
. Oxidation number of iodine in. 103,10, ani . 2 eNO. <NO-: 
eapactively are: [PMT (Kerala) 2008} GENO SN NG NOE A o. 
ne Cs ae 10-44 b)-+3,+ SF, rey Jed Mean th le isa _(b) NH; <_N,0<NO, < NO; < NO po . Ben 
go 55-4+- 4 1 0-1, -5,- 4, 0. ----- _-(@)-NH-<1 N,O-<NO<NO,-<1 NO; — 
: (e) -2,-5,-1,0 


(d) NH; <NO<N,O <NO; ' < NO} 


1 
poei A the OK Trae a 157. Oxidation states of P in HyP,05,,H4P,0¢, HyP,0, are 


xKMn0, + YN — KNO, + MnO, + KOH+ H,O 


_ (DPMT 2005) respectively : (ATPMT 2018) 
fs (a) x= 4, y=6 ) ¥S3,y=8 (a) +3, +5, +4 (b) "#5. +3, +4 
Hi © x=8y=6 2s) x= 8 y=3 ees AO Re SOS eee 


[Hint ; Balanced equation is : 
ae + 3NH; ——> 8Mn0, + 3KNO, + SKOH. + -2H,0| 


Assertion-Reason TYPE QUESTIONS 


RIE 


’ Set-1- Set-2 
The questions given below consist of an ‘Assertion’ (A) and = The questions given below consist of two statements each as 
‘Reason’ (R). Use the following keys to choose the appropriate ‘Assertion’ (A) and ‘Reason’ (R). While answering these questions 


answer: you are required to choose any one of the following four: 
(a) If both (A) and (R) are correct, and (R) is the correct (a) If both (A)-and (R) are true, and (R) is the correct 
explanation of (A). _ explanation of (A). 
(b) Ifboth (A) and (R) are correct, but He)! is not the correct (b) If both (A) and (R) are true, but (R) is not the correct 
explanation of (A). explanation of (A). 
(c) If (A) is correct, but (R) is incorrect. (c) If (A) is true, but (R) is false. 
-(d) If (A) is incorrect, but (Ri is correct. (d) If (A) and (R) are both false. 
_ 1. (A) In aqueous solution, SO, reacts with H,S liberating 1. (A) Identification of cathode and anode is. done with the help 
sulphur. of thermometer. 
(R) SO, is an effective reducing agent. (R) Higher is the value of reduction potential, greater would 
_ 2. (A) Fluorine acts as a stronger reducing agent than. oxygen. be its reducing power. CAETMS 1989) 
(R) Fluorine is more electronegative. 2. (A) Zine reacts with H,SO, to give H, gas but copper does 
3. (A) PbCL, is more stable than PbCl,. not. 
(R) PbCl, is a powerful oxidising agent. (R) Zinc has higher reduction potential than copper. 
4. (A) Among halogens fluorine is the. ; 3. (A) Absolute electrode potential can be easily measured ie 
(R) Fluorine is the most electronegative element. using vacuum tube voltmeter. 

5. (A) In the reaction between potassium permanganate and (R) Oxidation or reduction cannot take place alone. 
potassium iodide, potassium permanganate act as 4. (A) Sulphur dioxide and chlorine are both bleaching agents. 
oxidising agent. (R) Both are reducing agents. (AHIMS £964) 

(R) Oxidation state of manganese changes from +2 to +7 5. (A) Hydrogen peroxide acts only as oxidising agent. 


during the reaction. (H,0, —> H,O + 0) 
(R) All peroxides behave as the oxidising agent only. 
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6. (A) HCIO, is stronger acid than HCIO;. 9. (A)lodine shows oxidation state of +1 and +3 in the 
(R) Oxidation state of Cl in HCIO, is + VII and in HCIO,; it is compounds ICI and ICI, respectively. 

+V. , (R) Iodine coming below the halogens F, Cl and Br in the 

7. (A) Oxidation number of Ni in Ni(CO), is taken zero. : halogen group of elements in the periodic table shows a 


(R) The oxidation number of CO has been taken to be zero. higher degree of electropositive nature. (SCRA 2007) 
8. (A) Oxidation state of ‘H’ is +1in CuH, and is —1 in CaH,. 
(R) Ca is stronger electropositive than hydrogen. 


1. (a) 2. (b) 3. @) 4, (c) 5. (a) 6d) 7. (b) -  g. (c) 


9. (b) 10. (c). 11. (a) 12. (c) 13.6) 14.) 15. (c) 16. (a) 
17. (d) 18. ©) 19. (d) 20. (c) 21. (b) “22. @) 23. (c) 24. (a) 
25. (d) *” 26. (b) 27 28._(d) 29. -{a}- 30.-(e)- 34d —-32-(by 
33.) ——-34--(b) 35 foy 3) 3a) 38) we 40. (a) 
41. (a) 42. (b) 43. (b)  . 44. (a) 45. (b) 46. (c) 47.) 4. (©) 
49. (d) 50. (d) -51.(b) 52. &) 53. (c) “54. (a) 55. (a) 56. (b) 
57. (b) 58. (c) 59. (b)  —s_ 60. (a) 61. (c) 6. () 63.) 64. () 
ana) Sen <i C) S 7 t()  < Sa) a | i; Or Se 
73. (c) 74. (a) 75. (b) 76. (b) ‘TT. (c)- 78. (b) 79. (a) 80. (a) 
81. (b) 82. (a) 8) ~~ -84 ©) 85. (2) 86. () SCT. (a) 88. (c) 
89. (d) «90. ) 91. (a) 92. (c) 93. 94. (b) 95. (c)’ 96. (d) 
97. (d) 98. (a) 99. (b). 100. (c) 101. (c) ——:102. &b) 103. (c)- 104. (c) 
105. (a) 106. (b) 107. (a) 108. (b) 109. (a) 10. (b) «A. (a) 112. (a) 
113. (4) 114. (d) 115. (d) “116. (a) H7.() 8. (©) 119.. ©) 120. (a) 
121. (c) 122. (c) 123. (c) 124. (b) 125. @ | 26 0) 127.) «28. (a) 

* 429. (c) 130. (c) 131. © B22). .133@° £42B4@. 135. © 136. (@) . 
137. (b) 138. (a) 139. (c) 140. (c). 144). 42) «4B. 144, (@) 
145. (c) 146. (0)——(tidAT @)—( (CO) C(“(i‘iaKHCC«dSSC C(O. 
153.) «154. ©) 155. (d) 156. (©) 157. (4) we . 


1. (d) 2@ °° *@- 4. (c) 5. (d) 6. (b) - 7. (a) 8 @ 


. 
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1. Oxidation states of carbon atoms in diamond and graphite are: 9. Which among the following compounds have +6 state with the 
(a) +2, +4 (b)+4,4+2  (c)-4,4 (d) zero, zero metal atoms? 
2. Oxidation state(s) of chlorine in CaOCl, (bleaching powder) (a) [Fe(CN),]*~ (b) [Fe(CN), 
is/are: 3 
OS d) CrO,Cl 
(a) +1 and -1 (b) +1 only CEN) iad. 
(c)—1 only (d) none of these 10. The oxidation number of nitrogen atoms in NH,NO, are: 
3. Oxidation number of sulphur in‘S,, S,F, and HS are: (a) +3, +3 O93 WB8. (Do, 8 


(a)+2,0,+2 (b)0,+1,-2 (c)-2,0,42 (d)0, +1, +2 [Hint: NH,NO; <> NH, + NO; 


4. The reaction, H,S + H,O, ——» 2H,0 + S, shows: NH, x+4=+1 
fa acidic nature of H,O,.___(b) reducing nature of HO, ee ek AOE 
+ (oxidising action of HO, (d) alkaline natureofH,O, NO; x-6=-1 | a 


5. For the redox reaction, 


MnO, + C,07° + Ht —> Mn2* + CO, +H,0, 


the correct coefficients of the reactants for the balanced 
reaction are: 


MnO, C, 05° ee 
(a) 2 3 16 
(b) 16 3 12 
(c) 15 160 12 
(d) 2 16 5 

. Number of moles of K,Cr,O, that can be reduced by 1 mole of 
Sn”* ie is: 
3 5 6 

(a) ; (b) 3 (c) % (d) rs 


[Hint: Balanced equation is: 
Cr,02" + 14H* + 3Sn?* —> 2Cr* + 7H,0 + 3Sn** 


1 mole of Sn2* =} mole of Cr,07" J 


. The reaction, 3ClO” (aq. ) ——> ClO} (aq.) + 2C1~ (ag. ), is an 


example of: 
(a) reduction reaction 
(b) oxidation reaction 
(c) disproportionation reaction 
(d) spallation reaction — 
. The oxidation states of sulphur in Caro’s and Marshall’s acid 
are: 
(a) +6, +6 (b)+4,4+6 (c)+6,-6 (d)+6,+4 
[Hint: 
O 
I 
H,SO, Care’s Acid H — O— aa Cs) 
0 
H,S,0, Marshall’s Acid 
Oo 8) 
ie I 
H—O— S—O—O—S—O—H__ (#6) 
I I State 


O 
Both these acids have peroxy link.] 


14. 


12. 


13. 


14. 


(ajx=ly=3,z=1 


x=+5] 
In the chemical reaction, 
K,Cr,0,+ xH,SO,+ ySO, —-> K,SO,+ Cr, (SO,), 

+ zH,O 
the values of x, y and z respectively are: 
“Ox =4, p=) 224 - 
(c)x=3, y=2,z=1 (d)x=2, y=2,z=2 
In which of the fsllowing pairs both members contain peroxy 
linkage? 


(a) H,S,0,, H,P,0, (b) SO; : H,P,0, 

(c) H, TiO,, H,P,O, (d) 8,0), P,O, 

Which of the following agents is the most oxidising? 

(a) O; (b) KMnO, = (c) H,0, (d) K,Cr,0, 


When methane is burnt in oxygen to produce CO, and H,O, 


. the oxidation number changes by: 


15. 


17. 


18. 


(a)-8 (b) zero (c) +8 (d) +4 
+4-4 
{Hint: CH, + 20, —> CO, + 2H,0 


Oxidation number change = + 4 - (-4) = + 8] - 
Which of the following has been arranged in order of 
increasing oxidation number of nitrogen? 
(a) NH; <N,O; <NO<N, 
(b) NO} <NO; <NO; <N; 
(c) NH, <N,H, <NH,OH<N,O 
(d) NO, < NaN, <NH; <N,O 
In the ethylene molecule the two carbon atoms have the 
oxidation numbers: 
(a) -1, -1 (b)-2,-2 = (c)-1,-2 (d) +2, -2 
In which of the following coordination compounds do the 
transition metals have-an oxidation number of +6? 
(a) [Cr(H,0),Cl,]CI-2H,0 (b) [Fe(CO).] 
(c) {(HH,0),Cr — O— Cr(H,0),]** 
(4) K{Cr(CN), 0, (O, NH] 
In the redox reaction: 

xMnO + yPbO, +.zHNO, —> HMnO, + Pb(NO;), + H20 
(a)x= 2, y= 5,z=10 (b)x=2, y=7,z2=8 
(c)x=2, y=5,z7=8 (d)x=2, y=5,z2=5 


19. 


20. 


24, 


25. 


- 26. 


27. 


28. 


29. 


(c)x=8 y=6 


_..{a) H)S,0, > Na8,0. > Na,8,0, > Ss... 
_(b) SO** > S02 > SO" >HSO, 


OXIDATION AND REDUCTION 


In the redox reaction: 

xKMnO, + yNH, ——> KNO, + MnO, + KOH + H,0 
(a)x=4, y=6 (b)x = 8, y=3° 
(d)x= 3, y=8 
In the ionic equation: 

xCH,CH,OH + yl, + OH” —> CHI, + HCO; +1°+H,0 
(a)x=1,y=4,z=6 (b)x=1, y=6,2=4 
(c)x=1, y=8,z=12 (d)x=1y=8,z=8 


. The oxidation number of Cr is +6 in: 


({a)FeCrhO, (b) KCrO,Cl (c) CrO; (d) [Cr(OH),]7 
The oxidation number of carbon is zero in: , 
(a) HCHO (b) CH, CL, (c) CgH,29¢ (d) Ci2H 0), 


Which of the following have been arranged in order of 
decreasing oxidation number of Sp 


(c) H,SO; > H,SO, > SCL, > HS 
(d) H,SO, >.SO, >H,S>H,S,0, 


Oxidation number of carboxylic carbon atom.in CH,COOH , 


is: 

(a) +2 ' (b) +4 OF +1 (dy +3 
Which among the following are autoredox reactions?. 
(a) P, + OH ——»> H,PO, + PH, 


_ (b) S,037> —> Soy +S 


(c) H,O, —— H,0 + O, 


(d) AgCl + NH, ——» [Ag(NH; ), JCI . 
Oxidation state of nitrogen is incorrectly given for: 
. [PMT (Pb.) 2006] 
‘Compound Oxidation state — 
(a) [Co(NH; ); CI]C1, eo 
(b) NH,OH : = 
(c) (N2H; }) SO, +2 
(d)Mg3N, Pee 
Oxidation number of C in HNC is: 
(a) +2 (b)-3 
(c) +3 (d) zero 
Hint: HNC 
a 41-3 4+x=0 
x=4+2j 


Which of the following groups of molecules act both as 
oxidising agent as well as reducing agent? 

(a) KMnO,, O,, SO, (b) HCIO,, HNO, ,-H,O, 

{c) HNO,, 80, H,O, (d) HNO,;, SO,, H,SO, 

Match the List-I with List-II' and select the correct answer 
from the given Codes: 


1. (4) 2. (a) 3. (b) 4. (c) 


9. (d) 10. (c) i. (a) 12. (c) 
17. (d) 18. (a) 19. (b) 20. (a) . 
25. (a,b, c) 26. (c) 27. (a) 28. (c) 
33. (c) 34. (a) 35. (d) 36. (a) 


30. 


31. 
os aed Eres a -ased-instead-of HCL. -This-is because-—____ 


34. 


a), H,S0, i isa sronger noid than HCl ~ 
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List-I List-1 
(Compound) (Oxidation state of nitrogen) 
A. N,O, fi) -2. 
B. NaN, (ii) +5 
Cc. NO (ii) -13 
D. NH, ; (iv) +2 
Codes: A _&B Cc °° 6D 
(a) me) (iii) (iv) (i) 
(b) (i). (ii) (iii) ~ ° (iv) 
(c) (iv) ~ (ii) (iit) 
‘(d). (iii) @ (iv) Gi) 


The oxidation state of elated in its oxo complex species 


‘[Mo,0,4 (GH, de (HO, )P 


(a) 2 (vb) 3 © 4 ds 
KMn0O, is a strong oxidising agent in acid medium. To provide 


__ [PMT (Keraia) 2007] 


(b) HCl is oxidised by KMnO, to Cl, 

(c) H)SO,.is a dibasic acid 

(d) rate is faster in the presence of H,SO, 
(e) only H,SO, i is completely ionized. 


-. Which of the following oxides cannot work as a ‘reducing 


- agent? [PET (Raj.) 2006] 
- (a) CO, *- (b) NO, (c) SO, (d) ClO,, 

The coordination number ‘and oxidation state of Cr in 
K,[Cr(C,0, ), ]are respectively: [PET (Raj.) 2006] 
(a) 3 and +3 (b). 2 and 0 
(c) 6and+3 (d) 4and+2 
The reaction, P, + 3NaOH + 3H,0 ——> 3NaH,PO, + PH; is 
an example of : 


35. 


36. 


37. 


-@. &@ 


|JEE (Orissa) 2008} 
(a) disproportionation reaction 
(b) neutralisation reaction 
(c) double decomposition reaction . 
(d) pyrolytic reaction 
Balance the following equation and choose the correct fadtie 
of sum of coefficients of the products : 
' CS,+ClL —> CC +58, 

(a) § (b) 3 (c) 6 (dj) 2° 
6x 102 mole K,Cr,0, Teacts completely with 9 x 10°? mole 
X”* to give XO; and Cr**. The value of ‘n’ is : 
(a) 1 (b) 2 (c) 3 (d) 5. 
Hydrazine reacts with KIO, in presence of HCI as; 

N,H,-+ 10; + 2H" + Cl —> ICI+N, + 3H,O 
The equivalent masses of NH, and KIO, respectively are : 
(a) 8, 87 (b) 8,35.6 (c) 16,53.5 (d) 8, 53.5 


ho 


5 8. (ay. 
13. (a) 14. (c) 1S. (c) ‘AO, (6). 
2h (b,c) 2 (abcd) 33 (@c) 24, (d) 
29. (a) 30. (b) ah) 32. (a) 
37 ; uF 


* d) 
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G.R.B. PHYSICAL CHEMISTRY FOR COMPETITIONS 


Tiibeck Answer TYPE QUESTIONS 


XY ZW 

This section contains 9 questions. The answer to each ° s 8 ra 
of the questions is a single digit integer, ranging from |@ @ @ @ 
0 to 9. If the correct answers to question numbers X, 4 8 4 = 
Y, Z and W (say) are 6, 0, 9 and 2 respectively, then 16 © © © 
the correct darkening of bubbles will look like the (@ @ @ © 

- given figure : Cees 
OROK KO) 


1. The oxidation number of Mn in the product of alkaline 
oxidative fusion of MnO, is: (IIT 2009) 


+2 46 -8 
[Hint : 4KOH + 2MnO, + 0, —»2K,MnO,+ 2H,0] 
2. How many peroxy links are there in ngs 


OT 0 
"(Hint : Structure of CrO, is : 2 pox} 


There are two peroxy links in this molecule. ] 
3. How many moles of electrons are involved in the conversion 
of 1 mol Cr,07” into Cr** ion? 


Cr,03° + 14H’ + 6€" —~2Cr** + 7H,O 


4, 


. Nitrobenzene (C,H,NO,) can be 


In the following reaction, hydrazine is oxidised to N, 
NH, + OH ——N, + H,O+ & 
The equivalent mass of N,H, (hydrazine) is: 
reduced to aniline’ 
(C,H;NH, ) by electrolytic reduction; the equivalent mass of 


nitrobenzene will be equal to [ sees) . The value of 
n ; 

nis: 

[Hint: C.H.NO,+ GH] —> GH ;NH,+ 2H,0 ] 


Nitrobenzene 
How many sulphur atoms in NagS,0, have zero oxidation 
state? 


6x10° mole K,Cr,0, reacts completely with 9x 10° mole 


x"* to give XO; and Cr** _The value of n is: 


The sum of oxidation number of nitrogen in NH,NO, is : 


The value of » in the molecular formula Be, Al, SigOj, is: 
(IIT 2010) 


[Hint : $i,Oj4? is a cyclic silicate. The value of n will be ‘3° to 
balance the charge Be,Al,Si,O ) = 
OS ~ 2n+6-12=0 
n=3] 


4.) 


2. (2) 3. (6) 


5. 6 VG (2) “RE 8. (2) 
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GEE ze LInkep ComPREHENSION TYPE QUESTIONS @& 4 


e Passage 1 


Valency and oxidation number are different for an element. 
Valency of carbon is generally 4, however, the oxidation state may be 
—4,~2,0,+2,-1, etc. In the compounds containing carbon, 
hydrogen and oxygen, the oxidation number of carbon can be 
calculated as: 


Oxidation number of carbon = —2-—4- 


Ne 
where, ny Ng and Nc are number of respective atoms. 
Answer the following questions: 
1. Which of the following gompounds, have zero oxidation state 


at carbon? 
_ fa) CgHj,0¢...(b) HCOOH _ (c) I HCHO __ (a) CH, - - 
_ 2. Which of the following oxides of. carbon has. fractional 
oxidation state? , 
(a) Carbon monoxide (b) Carbon dioxide 
(c)} Carbon suboxide (d) All of these 


3. Which of the following compounds of carbon has highest 
oxidation state? 


(a) CH, ~~ -(b) CH;OH ~*(c) CH,O ~~ ~ (d) HCOOH 
4. Oxidation state of carbon in diamond is: 
" (a) zero {b) #1 (c) —1 (d) +2 
5. In which of the following compounds: the valency of carbon is 
two? 
@) Carbenes (b)Allenes (c)Alkenes (d) Ketenes 


e Passage 2 | 


Oxidation and reduction process apie the transaction of 
electrons. Loss of electrons is oxidation and the gain of electrons is 
reduction. It is thus obvious that in a redox reaction, the oxidant is 
reduced by accepting the electrons and the reductant is oxidised by 
losing electrons. The reactions in which a species disproportionates 
into two -oxidation states (lower. and higher) are called 
disproportionation reactions. In. electrochemical cells, redox 
reaction is involved, i.e. oxidation takes place at anode and 
reduction at cathode. 

’ Answer the following questions: 

1. The reaction, ; : 

Cl, —> Cl™ + ClO; 
is: 

(a) oxidation 

(b) reduction 

(c) disproportionation 

(d) neither oxidation nor reduction 
2. Select the correct statement: 

_ {a) oxidation takes place at anode in electrochemical cell 

(b) reduction takes place at cathode in electrolytic cell 

(c) oxidation takes place at cathode in electrolytic cell 

(d) all are correct 
3. In the reaction: 


I, + 28,037 —> 21” + $,02° 


(a) I, is a reducing agent (b) I, is an oxidising agent 
(c) $,0;7 is a reducing agent (d) $3,057 is an oxidising agent 
4, Determine the change in oxidation number of sulphur in H,S 
and SO, respectively in the following reaction: 
2H,S + SO, —> 2H,0 + 38 
ae (a) 0, + 2. ao : (b) +2, ~4 (c) a 2, +2 ; (d) + 4, 0 
5, Which of the following reactions is/are correctly indicated? 
Oxidant Reductant 
(a) HNO, +Cu —> Cu** +NO, 
(b) 2Zn +O, —~» ZnO 
(ce) Cl, + 2Brr eS ICs Br, 
1 DACh, + CHy > (CCH + AHCI ° 
e Passage 3 
Redox reactions are of three types: 
(i) Intermolecular redox reactions, 
(ii) Intramolecular redox reactions, 
(iii) Auto redox reactions __ 
OR 
Disproportionation reactions. 
Redox reactions are divided inté two main types: 
(i) Chemical redox reactions, 
(ii) Electrochemical redox reactions which either produce 
or consume electricity. 


Oxidation and reduction process takes place in a reaction 
simultaneously. 


Answer the following questions: 
1. Which of the following is a redox reaction? 
(a) NaCl + KNO, ——» NaNO, + KCl 
(b) CaC, 0, + 2HCl——> CaCl, + H,C,0, - 
‘(c) Mg(OH), + 2NH,Cl —-> MgCl, + 2NH,OH | 
(d) Zn + 2AgCN —— 2Ag + Zn(CN)," 
2. Select the intramolecular redox p aeeenons) among the: 
following: 
(a) 2KCIO, ——> 2KCl + 30, 
(b) (NH, ), C0; —~>» N, + Cr,0, + 4H,0 
(c) Cl, +—> Cl” + ClOZ 
(d) NH,NO, —> N, + 2H,O sf? 
3. In which of the following reactions, M202 acts as reducing 
agent? 
{a) Cl, + H,O, —-> 2HCI + 0,- 
(b) H,O, + O, —— H,0+ 20, 
(c) HCHO + H,O, ——» HCOOH + H,O 
(d) PbO, + H,O, ——> PbO+ H,O+ O, 
_ 4, Which among the following acts as oxidising as well as 
reducing agent? 
(a)HNO, (6) HNO, —_(c) H,S0, 
5. The value of x in the folowing reaction, 
MnO; + 8H™ + xe —> Mn”* + 41,0 is: 


(a) 5 (b) 10 (c)2 (d) 3 


(d) KMn0, 
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Passage 1. 1. (ac) - 2 ie." |) 4, (a) . 5. (a) 


Passage 2. I. (c) 2. (a,b) 3. (b,c). 4. (b) 5. (a,c, d) 
Passage 3, E@ | 2. (a,b, d) 3. (a,b, d) . 4. (a) 5. (a) 


SSS OSrrASsTo EE 
| ASSIGNMENT NO. 11 


Pas SECTION-I ‘ | :  SECTION-I 


Straight Objective Type Questions 


e Objective Questions — <2 a 
This section contains 8 Os choice _questions. Bach _ Metin Answers yp bs 


ae ane Seay 7A NT; OE a Se OY --9.—Peroxide ions are present i inc ~ st 


one is correct. (a) HO, ; (b) Ba, 
1. Inthe reaction: . . (c) OF, (d) H,S,0, 
; $027 +27 ) 28027 +1, [PET (MP) 2007} 10. The metals undergoing disproportionation are: 
(a) oxidation of iodide tito iodine takes place - Sn i ©) a oo Cu ee (d) ca | 
. .(b) teduction.of iodine into iodide takes-place.- 9-7 HE NON-Melals-uNCergZoIng CUSPLOPOFAONAHON AEC * = -----—————- 
(c) both oxidation and reduction of iodine takes place 12 (a) B, . Cl, : () 1, : dF 
(d) none of the above : as i iae ollowing can act as oxidising as well as 
2. The oxidation state of chromium in chromium trioxide is: as pte ak | ett san Deedee eee G8 
{CET (J&K) 2007] (a) O; ‘ (b) HNO; —(¢) SO, (d} H,0, 
(a)+3 (b) +4 (+5 @+6 13. When Ci, reacts with aqueous NaOH in cold condition then 
3 F oxidation number of chlorine changes from 0 to: 
. For the reaction between KMnO, and H,O,, the number of ea (b) +1 ()-2 (d) +2 
electrons transferred per mol of HO, is: x Ea 
(a) one . (b) fa 14. Select those species that can function both as oxidising and 
(© three | (@)four | also as reducing agent: CHU Mains) 2010) 
4. In the ionic equation, (KI (b) KI, (c) I, (d) H,0, 
BiO; + 6H + xe > Bi?* + 3H,0 15. The species that contain peroxide ions sere Rian 2010) 
the value of x is: 
(a6 (by 2 (a) PbO, . ®) H,0, —. (c) SrO, @ BaOQ, 
_ ©)4 {d) 3 . = rn a 
§. In [Cr(O, )(NH; ),H,O]CI,, oxidation number of Cr is + 3, , SECTION ill 
ee oxygen’ will be in the form: _ Assertion-Reason Type Questions 
eet (b) peroxo This section contains 4 questions. Each question contains 
(c) superoxo (d) oxo 


Statement-1 (Assertion) and Statement-2 (Reason). Each 
question has following 4 choices (a), (b), (c) and (d), out of 
which only one is correct. 


6. In the reaction, CrO, + SnCl,-—> CrO{~ + SnCl,, the 
element undergoing oxidation and reduction respectively are: 


(a) Cr, Sn (b) Sn, Cr (a) Statement-1 is true; statement-2 is true; statement-2 is a 
(c) Sn, O (d) Cl, C correct explanation for statement-1. 

7, Equivalent mass of KMnO, in acidic, basic and neutral are in (b) Statement-1 is true; statement-2 is true; statement-2 i is not 
the ratio of: _ a correct explanation for statement-1. 
(a) 3:5:15 . _ 0b) 5.321 (c) Statement-1 is true; statement-2 is false. 
(c)5:1:3 (d) 3:.15:5 (d) Statément-1! is false; statement-2 is true. 


8: Acompound of Xe and F is found to have 53.5% Xe. What is 16. Statement-1: Spectator ions are the species that are present in 
the oxidation number of Xe in this compound? __ the solution but do not take part in the reaction, 
(a)-4 (b).0 Because 
(ce) +4 (d) +6 Statement-2: The phenomena of formation of H,O, by the 
oxidation of H,O is known as auto-oxidation. 
(Hint: Zn + 2H’ + 2Cl) ——> Zn”* + 2CI” + Hy. Here, C17 
ion is spectator ion. ] : 


e. 


OXIDATION AND REDUCTION 


17. Statement-1; Oxidation number of carbon in HCN is + 2. 
. Because 
Statement-2: Carbon aa shows s an_oxidation state of + 4. 
18. Statement-1: Bromide ion acts as a reducing agent in the 
Teaction, 
2MnO, + Br + ae ——» 2MnO, + BrOZ + 20H. 


Pachlle 

Statement-2: Oxidation number of bromine i increases from — | 

to+ 5. 

‘19. Statement-1: Oxidation unite of carbon in HCHO is zero. 

Because 

Statement-2: HCHO is a covalent organic compound. 

. SECTION-AV 
_Matrix-Matching Type Questions 


“This section contains 3 questions. Each question contains = =— 


Statements (a, b, c and d) in Column-I have to be matched with 
statements (p, q, r and s) in Column-II. The answers to these 
questions have to be appropriately bubbled as illustrated in the 
following examples: 


T 


"Yole 
‘@@ 
o 
@ 


ele 


4 


20. 


21. 


” Stateniént given in two Colimins Which have to be matched” ~~ 


22. 
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If the correct matches are (a-p,s); (b- ae: io and (48); _ 
then correct bubbled 4 x 4 matrix, shouldbe as follows: . 


Match the Column-I with Column-II: 
Column-I Column-II 
(Chemical species) (Oxidation number 
of sulphur) 
(a)S (p)+6 
(b) H,S (+1 
(c) 8,Cl, (r) 0° 
(d) H,S,0, (s)—2 
Match the Column-I with Column-II: 
Column-I . Column-II 
(Compound) (Oxidation state 
: of sulphur) 
(a) Sulphurus acid (H,SO, ) — (p) +5 
(b) Peroxy mono sulphuric _ — (q) +3 ; 
aso ne 
‘(c) Dithionic acid (S,0,) IG 6 9 ee ok 
(d) Dithionous acid (H,S,0, ) (s) +4 
Match the Column-I with Column-II: 
Column-I Column-II 
(a) 0; —>0, + 02° (P) Redox reaction 


(q) One of the products has - 
trigonal planar structure 

(c) MnO; +NO;+H*—> () dimeric bridged 

tetrahedral metal ion 


(b) crofv +H’ —> 


(d) NO}; + H,SO, + Fe?* - (Ss) disproportionation 


1.(@) 3. (c) 4. (6) 5, (c) 6.(c) 7.(a) 8.(d) 
9.(a,b,d)  10.(a,¢) 11.(a, b, ©) 12. (c,d) 13. (a,b) 14.(0,0,d) 18.(b,0,) 16.6) 
17. (c) 18. (a) 19. (b) 20. (a-r) (b-s) (c-q) (d-p) 21, (a-s) (b-r) (c-p) (d-q) 


2.(d) 


22. (a-p,s) (b-r) (c-p,q) (d-p) 


12.1. INTRODUCTION 


Electrochemistry deals with the interactions of electrical energy 


emical species. It is broadly divided into two categories, 
namely (i) production. of chemical change by electrical energy 
(phenomenon of electrolysis) and (ii) conversion of chemical 
energy into electrical energy, i.¢., generation of electricity by 
spontaneous redox reactions. In this chapter both of these aspects 
will be described. All electrochemical reactions involve transfer 
of electrons and are, therefore, oxidation-reduction (redox) 
reactions. 

Substances which - allow the. passage of electric current 
through them are called electrical conductors or simply 
conductors: Those which do not allow the flow of electric current 
through them are termed insulators. Electrical conductors are of 
two types: 

(i) Metallic or electronic conductors: Conductors which 
transfer electric current by transfer of electrons, without transfer 

of any matter, are known as metallic or electronic conductors. 
Metals such as copper, silver, aluminium, etc., non-metals like 
carbon (graphite—an allotropic form of carbon) and various 
alloys belong to this class. These materials contain electrons 
which are relatively free to move. The passage of current through 
these materials has no observable effect other than a rise in their 
temperature. 
(ii) Electrolytic conductors: Conductors like aqueous 
ie of acids, bases and salts in which the flow of electric 
current is accompanied by chemical decomposition are known as 
electrolytic conductors. The.. substances. whose . aqueous 
solutions allow the-passage of electric current and are chemically 
decomposed, are termed electrolytes. 


The substances whose aqueous solutions do not conduct 


electric ‘current are called non-electrolytes. Solutions of cane 
sugat, glycerine, alcohol, etc., are examples of non-electrolytes. 
In order to pass the « current through an ene conductor. 


[ SECTION I : ELECTROLYTES AND ELECTROLYSIS | 


(aqueous solution or fused electrolyte), two rods or plates 
(metallic conductors) are always needed which are connected 


-with the terminals of a battery. These rods or plates até known as 


electrodes. The electrode through which the current enters the 
electrolytic solution is called the anode (positive electrode) while 
the electrode through which.the current leaves the electrolytic 
solution is. known as cathode (negative electrode). The 
electrolytic solution conducts electricity not by virtue of flow of 
electrons as in metallic conductors but as a result of movement of 
charged particles called ions towards the respective oppositely 
charged electrodes. The ions which carry positive charge and 
move towards cathode are termed cations while ions carrying 


~ negative charge which move towards anode are called anions. 


When these ions reach the boundary between a metallic and an 
electrolytic conductor, electrons are being either attached to or 
removed from the ions. Removal of electrons is termed oxidation 
(de-electronation) which occurs at anode while addition of 
electrons is called reduction (electronation) that takes place at 
cathode. Hence, flow of electrons through the outer circuit from 


anode to cathode across the boundary is accompanied by 


oxidation and reduction. 
_ Distinction between metallic and electrolytic conduction 


Metallic conduction Electrolytic conduction 


1. Electric current flows by 
movement of electrons. 


2. No chemical change occurs. 


Electric current flows by 
movement of ions. 


Ions are »xidised or reduced at 
the .:ectrodes. 


. 3. It does not involve the transfer | It involves transfer of matter in 


of any matter. : the form of ions. 

4. Ohm’s law is followed. Ohm’s law is followed. 

5. Resistance increases with Resistance decreases with 
increase of temperature. increase of temperature. 


6. Faraday’s law is not followed. | Faraday’s law is followed. 


——------j ons-meve-towards anode. 


ELECTROCHEMISTRY 


The process of chemical decomposition of an electrolyte by 
passage of electric current through its solution is called 
electrolysis. 
Or 

Chemical change (oxidation and reduction) occurring at 
electrodes when electric current is passed through electrolytic 
solution is called electrolysis. 

Molecules of an electrolyte when dissolved in water split up 
into ions, 7.¢@, into cations:and anions. On passing current, these 
ions move towards oppositely charged electrodes. On reaching 
the electrodes the ions lose their charge either by accepting 
electrons or losing electrons and thereby deposited at the 
respective electrodes or undergo a secondary change. For 
_ example, when electric current is passed through a solution of 
hydrochloric acid, the H* ions move towards pabod: and Cl” 


a ae remaaceam = [ Gd a “AE sa Cr Seats te vate 


Cathode Anode 
H* +e —-H cl —3Cl+e7 
2H—~ H, _ 2C1—> Cl, 
(Reduction) (Oxidation) 


The decomposition of HCI into H, and Cl, as a result of 
passage of current is termed electrolysis of HCl. It is, thus, a 
process in which electric current brings the chemical change. 

The device in which electrolysis (chemical reaction involving 
oxidation and reduction) is carried out by using electricity or in 
which conversion of electrical energy into chemical change is 
done is known as electrolytic cell. An electrolytic cell consists of 
a vessel for the electrolytic solution or fused electrolyte and two 
metallic electrodes immersed in the reaction material which are 
connected to a source.of electric current. The metallic electrodes 
which do not react with ions or final products are called inert 
electrodes. Inert electrodes are usually used in an electrolytic 
cell. 


12.2. PREFERENTIAL DISCHARGE THEORY 


If an electrolytic solution consists of more than two ions and the 
electrolysis is done, it is observed that all the ions are not 
discharged at the electrodes simultaneously but certain ions are 
liberated at the electrodes in preference to others. This is 
explained by preferential discharge theory. It states that if more 
than one type of ions are attracted towards a particular electrode, 
then the one discharged is the ion which requires least energy. 
The potential at which the ion is discharged or deposited on the 
appropriate electrode is termed the discharge or deposition - 
potential. The values of discharge potential are different for 
different ions. For example, the discharge potential of H * ions is. 
lower than Na* ions when platinum or most of the other metals* 
are used as cathodes. Similarly, discharge potential of Cl™ ions is 


lower than that of OH™ ions. This can be explained by some 


examples given below: 


(i) Electrolysis of sodium chloride solution 


The solution of sodium chloride besides Na* and Cl~ ions 
possesses H* and OH™ ions due to ionisation of water. 
However, the number is small as water is a weak electrolyte. 
When potential difference is established across the - two 


_ electrodes, Na* and H* ions move towards cathode and Cl” and 
OH™ ions move towards anode. At cathode H* ions are 


discharged in preference to Na* ions as the discharge potential of 
H* ions is lower than Na” ions. Similarly « at anode, Cl” ions are 
epuareee in preference to OH ~ ions. 


NaCl =—Na* + Cl" 
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Anne _At ae ; At anode. 
H*+¢—>H (ole mS 
2H ——> H, 2Cl —> Cl, 


Thus, Na* and OH ~ ions remain in solution and the solution 
when evaporated yields crystals of sodium hydroxide. 


(ii) Electrolysis of copper sulphate solution’ nein 
platinum electrodes 
CuSO, == Cu’* + S07" 
H,O——H* + OH” 
At cathode — 
Cu* + 26 —+ Cu 


. At anode 
20H” ——> H,O + 0+ 2e° 
iOLO—A Oy 
Copper is discharged at cathode as Cu 2+ ions have lower 
discharge potential than H* ions. OH” ions are discharged at 
anode as these have lower discharge potential than SO7” ions. 


Thus, copper is deposited at cathode and oxygen gas is evolved at 
anode. 


(iii) Electrolysis of sodium sulphate solmnon using 
inert electrodes 


Na SO, == 2Na* + SO37 
H,O— =H" +0OH™ 


At cathode At anode 
Ht+e—H 20H” —— H,0 + O + 2¢° 
2H —> H, 0+0—0, 


Hydrogen is discharged at cathode as H* ions have lower 
discharge potential than Na* ions. OH ~ ions are discharged at 
anode as these have lower discharge potential than SO?” ions. 
Thus, hydrogen is evolved at cathode and oxygen is evolved at 
anode, i.e., the net reaction describes the electrolysis of water. 
The ions of Na,SO, conduct the current through the solution and 
take no part in the overall chemical reaction. 


*When Hg is used as a cathode, Na‘ ions have lower discharge potential than H * ions. 
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The decreasing order of Piechites potential or the increasing 
order of deposition of some of the ions is given below: 


For catiens:K*, Na* Ca, Mg”*,A AV Zn ea, 
, Hg”*, Ag* 
_ Peranions: SO; , NO}, ocr’, Br I” 
(iv) Electrolysis of copper sulphate solution using 
CuSO, == Cu”* +807 
_ At cathode, copest is deposited. 
Cu?* +267 — Cu 


At anode, the copper of the electrode is oxidised to Cu?* 


‘jons | 


or SO% ions ‘dissolve equivalent amount of copper of the 
anode. _ 2. . 
CaS Cn + 26 
orSSC SO 5 cus0, + 2e- 


Thus, during electrolysis, io is transferred from ance to 
cathode. 


(v) resin Ate of sitver nitrate solution using siver 
me 


AgNO; ——=Ag* + oN : 
At cathode, silver is deposited. © 
’ Ag* +e” ——+ Ag 
At anode, the silver of the electrode is oxidised to Ag* ions 


‘which go into’ the solution or NO; ions dissolve equivalent 
amount of. silver of the electrode. 


Ag——-Ag* +e” 


Ag +NO3, — AgNO; +e 
rs Seome Mare Examples of Elctaisis_ 


Aqueous 


acidified CuCl, | 
solution =~ | fe 
Molten PbBr, |} Pt [Pb’++2e—>Pb PBr—> Br, + 2¢. 
Sodium Hg 2Na* +2e—>2Na PCr—> Cl, + 2€7 
. chloride oe nae 
solution 
Silver nitrate Pt ee +@-— Ag’ ROH ——> 
solution. o's ‘ O, + H,O + Ie 
Sodiuin nitrate | Pt bi + 2¢——>H, bon — 
"solution i “LO, + HO +2¢ 
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3: FARADAY'S LAWS OF ELECTROLYSIS 


The relationship between the quantity of electric charge passed 
through an electrolyte and the amount of the substance deposited 
at the electrodes was presented by Faraday i in 1834, in the form of 
laws of electrolysis. ; 


CH) Faraday’s first law 

When an electric current is passed through an Scnaiia the 
amount of substance deposited is proportional to the quantity of 
electric charge passed through the electrolyte. 

If W be the mass of the substance deposited by passing Q 


coulomb of charge, then according to the dam we have the 
relation: 


W =O 


A coulomb is the quantity.of charge when a current of one 


_____ampere-is passed 4 = 5 


Q = current in amperes x time in seconds _ 
= 1Xt 
So, . WioclxXt 
or WELK XY. 


where, Z is a constant, known as electrochemical as 
and is characteristic of the substance deposited. 

When a current of one ampere is passed for one second, Les 
one coulomb (Q= 1), then 


W=Z 


Thus, electrochemical equivalent can be defined as the mass 
of the substance deposited by one coulomb of charge or by 
one ampere of current passed for one second. For example, 
when a charge of one.coulomb is passed through silver nitrate 
solution, the amount of silver deposited is 0.001118 g. This i is the 
value of electrochemical equivalent of silver. — 


(ii) Faraday’ ssecondlaw 
When the same quantity. of charge is passed through different 
electrolytes, then the masses of different substances deposited at 


the respective electrodes will be i in the atio of their eqenalent 
masses. ; 


AgNO. Solution 


CuSO, Solution 


"ages Voltameters arranged in series 
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~ The law can be illustrated by passing same quantity of electric 
current through three voltameters containing solutions: of 
H,SO,, CuSO, and AgNO, respectively as shown in Fig. 12.1. . 
In the first voltameter, hydrogen and oxygen will be liberated; in 
the second, copper will be deposited and in the third, silver will 
be deposited. 


Mass of hydrogen _ Equivalent mass of hydrogen 
Mass of copper Equivalent mass of copper 
Mass.of copper _ Equivalent mass of copper 


Mass of silver 7 Equivalent mass of silver 


Mass of silver Equivalent mass of silver - 
Mass of hydrogen Equivalent mass of hydrogen 
It-is observed that by passing one coulomb of electric charge, 


_ Hydrogen evolved = 0.00001036 g, 
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Fundameatal unit of charge: As one g- -equivalent of an 
ion is liberated by 96500 coulomb, it follows that charge carried 
by one g-equivalent of an ion is 96500 coulomb. If the valency of 
an ion is ‘x’, then one mole of these ions will carry a charge of nF 


_ coulomb. One g-mole of an ion contains 6.02 x 1073 ions. Then, 


The charge carried by an ion = coulomb 


6.02 x 107 
Forn=1, —_ 

The fundamental unit of charge = ————— 
6.02 x 107? 
96500 


ie, ———; = 1.6x 10°” coulomb 
6.02 x 10 


or lcoulomb *= 6.24 x 10!® electrons 


Copper deposited = 0.0003292 2, _ 


The rate of flowing of electric charge through a conductor i is 


and Silver deposited = 0.001118 g 


These masses are in the ratio of their equivalent masses. From 
these masses, the amount of electric charge required to deposit 
one equivalent of hydrogen or copper or silver can be calculated. 


For HEE a a : 96500 coulomb 
0.00001036— 
- For copper = eh aie 96500 coulomb 
0.0003292 | - 
For silver = EES 96500 coulomb 
0.001118 


This follows that 96500 coulomb of electric charge will . 


deposit one g-equivalent of any substance. 96500 coulomb is 
termed as one Faraday and is denoted by F. 


_ Again according to first law, 
- W=ZxQ 
When, Q = 96500 coulomb, W becomes gram equivalent mass 


(£). 


Thus, E=Zx 96500 
or “Z= fT 
96500 
24 _ &E, 
Z, £, 


~ called the electric current. 


Electric current = Eioricchatge 
Time 
1 coulomb 
1 ampere = ———— 
. second. 


Volt is a unit of alactical potential difference. Iti is defined as 
potential energy per unit charge. 


1joule 1 newton x1 metre 


1 volt = 


lcoulomb 1 ampere x 1 second 


Electrical energy = Potential difference x Quantity oe charge ~ 
=VxO 
=VxIxt 
= watt- second 


(7 = ampere; t= second ) 


Faraday’s Law for Gaseous Electrolytic Product 


’ We know that, W=ZQ 
= Zit 
Ite” ‘ 
= we Gi 
96500 W 
where, Z=E/ 96500 


Equation (i) is used to calculate the mass of solid substance 
dissolved or deposited at an electrode. 
For the gases, we use 
_ Itv, 
~ 96500 


(ii) 


*Coulomb: It is the cane of electric charge, ti is. s the amount of. charge be moves Past. any given a point in 4 circuit when a. -ourrent a 1. ampere is 


supplied for one’ second. ° 
1 coulomb = iam: -second 


It is also defined. as the amount of charge which is required to deposit by Secrbivais 0.001118 g of silver from a solution of silver nitrate. 
An electron has 1.6 x 107!” coulomb of negative charge. Hence, one coulomb of charge is carried by 6.24 x 10'* electrons. 1 mole of electrons carry 


a charge of 96500 coulomb. This quantity of charge is called Faraday. 
Charge carried by 1 mole of electrons 
= (6.023 x 107) (1.6 x 5085 
= 96368 coulomb > 
= 96500 coulomb 


778 G.R.B. PHYSICAL CHEMISTRY FoR COMPETITIONS 


where, V = Volume of gas evolved at STP at an electrode (5) Manufacture of compounds: Compounds like NaOH, 
V, = Equivalent volume KOH, Na,CO,;, KCIO,;, white lead, KMn0O,, etc., are 
= Volume of gas evolved at an electrode at STP by manufactured by electrolysis. 
1 faraday charge (6) Electroplating: The process of coating an inferior metal 
a with a superior metal by electrolysis is known as electroplating. 
Mee auen The aims. of electroplating are: 
-0O,: M=32, E=8 © (i) To prevent the inferior metal from corrosion. 

32g0, = 224L at STP Ye = Molecular ce (ii) To make it more attractive in appearance. 

8 gO, = 5.6LatSTP E = Equivalent mass The object to be electroplated is made the cathode and block 


of the metal to be deposited is made the anode in an electrolytic 


Thus, V, of O, = 5.6L bath containing a solution of a salt of the anodic metal. On 


H,: M=2, E=1 passing electric current in the cell, the metal of the anode 
- dissolves out and is deposited on the cathode-article in the form 
ee a224 La STP of a thin film. The. following are the requirements for fine 

1g H, =11.2.L at STB coating: 


Thus, V, of H, =11.2L 


= ._- (i) The-surface-of the-article-should-be-free fronr greasy 


e Ci,: M=T7I, E= 35.5 gates sea ._matter_and_its_oxidelayer.-The ere 


~ FigCl, =22.4L at STP oa chromic acid or detergents. © 
35.5¢Cl, =11L2LatSTP Gi) The surface of the article should be rough so that the 
Thus, V, of Cl, =11.2L metal deposited sticks permanently. 
_ (iti). The concentration of the electrolyte. should be so 
12.4. APPLICATIONS OF ELECTROLYSIS __ adjusted as to get smooth coating. _ aie, acon, 


The phenomenon of electrolysis has wide applications. The (iv) Current density must be the same throughout. 


important ones are: / For | eo ; 

(1) Determination of equivalent’ masses of electroplating “ Anode Cathodes = eich dic 
elements: According to second law of electrolysis when the “Whee Ean OME CR eee 
same quantity of electric current is passed through solutions of OpPet . / die 5 CENSO gs diate FSO, 
salts of two different metals taken in two different cells, the With silver Ag Object KAg(CN), 
amounts of the metals deposited on the cathodes of the two cells With nickel Ni ~ Object 
are proportional to their equivalent masses of the respective 
metals. If the amounts of the metals deposited on the cathodes be 
W, and W, respectively, then With zine Zn _ Iron objects ZnSO, 


W, _ Equivalent mass of A With tin Sn Iron objects SnSO 


Nickel ammonium sulphate 
With gold Au = Object = KAu(CN), 


W» -«, Equivalent mass of B 
Thickness of Coated Layer 


Let the dimensions of metal sheet to be coated be 
(acm x bcm). 


Knowing the equivalent mass of one metal, the equivalent 
mass of the other metal can be calculated from the above 
relationship. The equivalent masses of those non-metals which 


are evolved at anodes can also be determined by this method. Thickness of coated layer = c cm 3 
(2) Electrometallurgy: The metals like sodium, potassium, Volume of coated layer = (ax bx c)em 
magnesium, calcium, aluminium, etc., are obtained by Mass of the deposited substance = volume x density 
electrolysis of fused electrolytes. =(axbxe)xdg 
Fused ica lad Metal isolated IxXtxE 
= (ax bxe)xd =——_—_ 
NaCl + CaCl, + KF Na 96500 
CaCl, + CaP, Ca _ Using above relation we may calculate the thickness of coated - 
Al,O, + cryolite — Al layer. 
MgCl, (35%) + NaCl (50%) + CaCl (15%) Mg Note: ene radius of atom of deposited metal is given instead of 
NaOH i Ne. Radius of silver atom =10% om 
KCI + CaCl, x Atomic mass of Ag = 108 
GB) Manufacture of non-metals: Non-metals like Mass of single silver atom = aoa g 
hydrogen, fluorine, chlorine are obtained by electrolysis. 6.023 x 10 
(4) Electro-refining of metals: The metals like copper, Volume of single atom . ; x TR? 


silver, gold, aluminium, tin, etc., are refined by electrolysis. 
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2 4 x 314 x (10-°) om? 5% Example 4. Exactly 0.4 faraday electric charge is passed 
“3 cheat through three electrolytic cells in series, first containing AgNO3, 
Density of Ag _ Mass of single atom _ second CuSO, and third FeCl, solution. How many grams of 
Volume of single atom each metal will be deposited assuming only cathodic reaction in 
108 / 6.023 x 103 _ ; each cell? 
= 4x 3.14 x do8y = 42.82 g/cm" Solution: The cathodic reactions in the cells are 
oe ‘respectively, 
Current Efficiency Ag’ +.e  — > Ag 
; ; 1 mole 1 mole 
Sometimes the ammeter shows false current due to 108g  1F 
mechanical fault. In this case, . 
: : Cu** + 2e7 —»>Cu 
vpcuneubericicicy s Actual current x 100 ; Imole 2 moe 
Ammeter current re 
ss cs : and Fe** + 3¢° ——>Fe 
[Note : The conditions for the operating electrolytic cell are: ; Imole 3 mole 
AG > 0 and E< 0 7 Eo = 36g 3Fo ; 
ere 838300 Hence, Ag deposited =108-x 0:4-=43:2 g———— 
Example 1. Find the charge in coulomb on | g-ion of . Cu deposited = 5 xX 0.4 =12.7 g 
= 5 
Pee 2 ees em 
Solution: Charge on one ion of N and "Fe deposited = 56 x0.4=747 g 
x =3.x1.6.x107% coulomb. iheatee Sh cthd Mat Naa! a Seek ake meee. glee “ate 
; 22 « 23: 
eS 6.02 x 10° ions. - Example 5. An electric current of 100 ampere is passed 
Thus, charge on one g-ion of N>- through a molten liquid of sodium chloride for 5 hours. Calculate 
=3x16x107! x 6.02 «1073: . the volume of chlorine gas liberated at the electrode at NTP. 
Solution: id i is: 
=289x1 0° eee olution: The reaction taking place at anode is 
2cr —+ Cl, + 2e7 
Example 2. a How much charge is required oe reduce 10g 71.02 2 96500 coulomb 
(a)1 mole of Al” to Al and (b)\mole of MnO, to Mn*"? 1 mole 
Solution: (a) The reduction reaction is: Q=Ixt=100x 5x 60x 60. coulomb 
i és ‘ a — Al The amount of chlorine liberated by passing 100 x 5 x60 x 60 
ee sia _coulomb of electric charge ; 
Thus, 3 mole of electrons are needed to reduce 1 ete of Al**. - 1 10 KSee 0 GOD aDEA racks 
O=3xF ; 2x 96500 
= 3 x 96500 = 289500 coulomb Volume of Cl, liberated at NTP = 9.3264 x 22.4 = 208.91 L 
(b) The reduction reaction is: ~ Example 6. 4 100 watt, 110 volt incandescent lamp is 
MnO; +8H* + 5e7 —>Mn** +4H,0 connected in series with an electrolytic cell containing cadmium 
1 mole 5 mole sulphate solution. What mass of cadmium will be deposited by the 


current flowing for 10 hours? 


O=5xF Solution: We know that, 


= 5 x 96500 = 482500 coulomb 


“Example 3. How much electric charge is required to 
oxidise (a) \mole of H,O to O, and (b)\mole of FeOto Fe,0,;? 100 = ampere x 110 
Solution: (a) The carom reaction is: 


Watt = ampere x volt 


H,O — >; O,+2H* + ae 110 
1 mole 2 mole . . 
Q=2x F- | Quantity of ee = ampere x second 
= 2x 96500 = 193000 coulomb . = = x 10x 60x 60 coulomb 


(b) The oxidation reaction is: 


The cathodic reaction is: 
FeO+ +H,0—>5Fe,0; +H* +e 


Cd* + 2 —>Cd 
Q = F = 96500 coulomb 1124g 2x 96500C 


730 | | G.RB. 
oe in 100, 
Mass of cadmium deposited by passing rrr x 10x 60 x 60 


coulomb charge - 
14 , 100 
2x 96500 110 - 


‘Example 7. In an seceonisis experiment, a current was 
passed for Shours through two cells connected in series. The first 
cell contains a solution of gold sait and the second cell contains 
copper sulphate solution. 985 g of gold was deposited in the first 
cell. If the oxidation number of gold is +3, find the amount of 
copper deposited on the cathode in the second cell. Also 
calculate the magnitude of the current in ampere. 

Solution: ‘We know that, 
Mass of Au deposited — Eq. mass of Au 


Mass of Cu deposited __Eq. mass of Cu. 


x 10x ae 19.0598 g 
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~ 108 


So, 0.42 = x3xt 
96500 
or ; t= EAT = 125.09 second 
108 x 3 


Xample 9. What current strength in ampere will be 
required to liberate 10g of chlorine from sodium chloride 
solution in one hour? 


Solution: Applying E = Z x 96500 (E for hisaie= 35,5), 
35.5=Z x 96500 
_ 35.5 
96500 © 
Now, applying the formula 


or 


W=ZxIxt 


en Eqm Mass of Ati = Eq. mass of Cul a 


Mass of copper deposited . 


ORS ee” yee ee aes 
2 197 


Let Z be the eleceochGuical equivalent of Cu. 


E=Zx 96500 

or ¢ . ..Z= a = __ 93.5 ef 
96500 2x 96500 

Applying W=ZxIxt 
t = Shour = 5 x 3600 second 
4.7625 ebee x xIx5x 3600 

2x 96500 
‘or T= 4.7625 x 2x 96500 = 0.804 ampere 
, 63.5x 5x 3600 a 


“=Example 8, How long has a current of 3 ampere to be 
‘applied aie ie a solution of silver nitrate to coat a metal 
surface of 80 cm* with 0.005 mm thick layer? Density of silver is 


10.5¢/ cm’. 


Solution: Mass of silver to be deposited 

= volume x density 

= Area X thickness x density 
Given: Area = 80 cm’, thickness = 0,0005cm and density 
_ =10.5g/cem? 


Mass of silver to be deposited = 80 x 0.0005 x 10.5 . 


=0.42¢ 
Applying to silver #£=Zx 96500 
_ 108 
= 965008 
Let the current be passed for ¢ seconds. 
We know that, W=ZxIxt 


“where, W=10g, Z= 


oe ts 60x 60 = 3600 second © 


_ 10x 96500 


——* >? = 7.55 ampere 
35.5x 3600 


.. Example 10. 0.2964 ¢ of copper was deposited on passage 
of a current of 0.5 ampere for 30 minutes through a solution of 
copper sulphate. Calculate the atomic mass of copper. 
(Lfaraday = 96500 coulomb) 


Solution: Quantity of charge passed 
= 0.5 x 30x 60= 900 coulomb 
900 coulomb deposit copper = 0.2964 g _ 
0.2964 
0 


96500 coulomb deposit copper = x 96500 = 31.78 g . 


. Thus, 31.78 is the equivalent mass of copper. 
At. mass = Eq. mass x Valency 
= 31.78 2= 63.56 


; Example 11. 19 g.of molten SnCl, is electrolysed for some 
time using inert electrodes until 0.119 g of Sn is deposited at the 


cathode. No substance is lost during electrolysis. Find the ratio 


of the masses of SnCl, : SnCl, after electrolysis. 

Solution: The chemical reaction occurring during electrolysis 
is: 
2SnCl, —>SnCl, + Sn- 

2190 g 261 ¢ 119¢ 
119 g of Sn is deposited by the decomposition of 380 g of 
Sncl,. 
So, 0.119 g of Sn is deposited yy the decomposition of 


Xo. 119 = 0.380 of SnCl, 


Remaining amount of SnCl, = (19 — 0.380) = 18.62 g 
380g of SnCl, produce = 261 g of SnCl, 
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So, 0.380 g of SnCl, produce = x 0.380 = 0.261'g of SnCl, 


Thus,the ratio SnCl, : SnCl, = 1362 , Le, 71.34:1 
; 0.261 ee “5 


any ‘Example 12. A current of 2.68 ampere is passed for one 
hour through an aqueous solution of copper sulphate using 
copper electrodes. Calculate the change in mass of cathode and 


_ The electrode reaction is: 


Ni* + 2e7 
lmole 2x 96500C 


Solution: 


—~ Ni 


Quantity of electric charge passed — 
= 3.7x 6x 60x 60 coulomb = 79920 coulomb | 
Number of moles of Ni(N O03), decomposed or nickel deposited 


x 79920 = 0.4140 


that of the anode. (At. mass of copper = 63.5) ~ 2x 96500 
Solution: — The‘electrode reactions are: _ Number of moles of Ni(NO,), present before siechobail 
Cu +  2e7- ~~ —»Cu (Cathode) - = 0.5x2=16 
Imole 2x 96500 Cc _ Number of moles of Ni(NO,), present after electrolysis 
Cu——> Ca + 20° (Anode) Since, 0.586 moles ces ey me ‘i 
Thus, cathode increases in mass_as copper is deposited on. = ——Melarity-of the solution =2<0-586=b724— 


_and the anode decreases in mass as copperfrom it dissolves. 


electrodes are used? (1F =-96500 coulomb; Ni = 


. Charge passed through cell = 2.68 x 60 x 60 coulomb 
63.5 


———— x 2.68 x 60 x 60 
2 x 96500 


Copper deposited or dissolved = 


Decrease in mass of anode 


=3.174g 
Example-13.. An ammeter and a copper voltameter are 
connected in series through which a constant current flows. The 
_ ammeter shows 0.52 ampere. 1f0.635 g of copper is deposited in 
one hour, what is the percentage error of the ammeter? 
(At. mass of copper = 63.5) 
Solution: The electrode reaction is: 


Cute. fe 
Imole 2x 96500C 


63.5 g of copper deposited by passing charge 
= 2x 96500 coulomb _ 
0.635 g of copper deposited by passing charge 
2 x 96500 
£" == x 0.653 coulomb 


Increase in mass of cathode = 


— Cu 


= 2x 965 coulomb 
= 1930 coulomb 
We know that, 
Q=I1xt 
1930= x 60x 60 
7 = 1930 1930 
. 3600 
(0.536 — 0.52) 
0.536 
Exaniple 14. A current of 3.7 ampere is passed for 6 hours 
between platinum electrodes in 0.5 litre of a 2M solution of 
Ni(NO, ),. What will be the molarity of the solution at the end of 
electrolysis? What will be the molarity of the solution if nickel 
58.7) 


= 0. 536 ampere 


Percentage error = xX 100 = 2.985 


=3.174g 


and get deposited at the cathode. The nekuy © of the solution 
will thus, remain unaffected. 


“Example 15. An acidic solution of Cw + salt containing 
0.4 g of Cu”* is electrolysed until all the copper is deposited. The 


—When nickel electrodes are tised, anodic nickel will dissolve ; 


electrolysis is continiied for sévén moré minutes with volume of 


solution kept at 100 mL and the current at 1.2 amp. Calculate the 
gases evolved at NTP during the entire electrolysis. 


oe ae 0.4 aa 
0.4 ¢ of Cu** = —— = 0.0126 g- equivalent - 
31.75 oe 


At the same time, the oxygen deposited at anode 
= 0.0126 g- equivalent 
= = x 0.0126 = 0.00315 g-mole 


‘After the complete deposition of copper, the electrolysis will 
discharge hydrogen at cathode and oxygen at anode. 


The amount of charge passed = 1.2 x 7 x 60 = 504 coulomb 


: : “4 
So, Oxygen liberated = 
ib 965 


7 > x 0.00523 = 0.001307 g- mole 


= x 504 = 0.00523 g-equivalent 


Hydrogen liberated = 0.00523 g- equivalent 
= : x 0. 00523 = 0. 00261 g-mole 


Total gases evolved = (0. 00315 + 0.001307 + 0.00261) g- mole 
= 0.007067 g- mole 
Volume of gases evolved atNTP 
= 22400 x 0.007067 mL 
= 158.3 mL 


Example 16. A current of 1.70 ampere is- passed through 
300 mL of 0.160.M solution of zinc sulphate for 230 seconds with 
a current efficiency of 90 per cent. Find out the molarity of Zn** 
ions after the deposition of zinc. Assume the volume of the 
solution to remain constant during electrolysis. (UIT 1993) 


Solution: -Amount of charge passed = 1.70 x 230 coulomb 
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Amount of actual charge passed = sos x 1.70 x 230 


= 351.9 coulomb’ 
No. of moles of Zn deposited by passing 351.9 coulomb of 


charge 
es x 351.9= 0.000182 
2x 96500 
. 
Molarity of Zn *+ jons after deposition of zinc 
—| 9,160 — 2.000182 1000 a4 
300 a 
=0.154M 


Example17. Calculate the electricity that would be 


Charge _ 2 x 96500 x 14.08 
Current 15.5 
= 175318.7 second = 48.699 hour 


OH: ions produced = 2 x moles of Cl, 


Time = 


“= 2x 14.08 = 28.16 mole 
Malang) 2c SONS i ona 
; Volume — ~20- 
Example 19. Chromium metal can be plated out from an 


acidic solution containing CrO, according to the following 
reaction: 


CrO, + 6H * + 6e7 —3Cr+ 3H,0 


Calculate the mass of chromium plated out by 24000 coulomb. 
How long will it take to plate out 1.5 g of chromium using 12.5 


required to reduce T2351 of nitrobenzene to aniline, tf the current “ampere current? sea | oC <<) emma 


~~~ == -efficiency-for-the-process-is-50-per-cent—if the-potential-drop~- 
across the cell is 3.0 volt, how much energy will be consumed? 
[AIPMT (Mains) 2008| 
The reduction reaction is: 


CoN + 3H, —-C “6HsNH + ans 


Solution: 


Ss . 3mole 


Hydrogen required for reduction of a ‘or 0.1 mole of 


nitrobenzene = 0.1 x 3 = 0.3 mole- 
Amount of charge required for liberation of 0.3 mole of 
hydrogen = 2 x 96500 x 0.3 = 57900 coulomb 
Actual amount of charge required as efficiency i is 50% 
= 2x 57900 = 115800 coulomb 
Energy consumed = =115800 x3.0 =347400J 
= 347.4kJ 


_ -Example 18. An aqueous solution of: ae chloride on 
electrolysis Rives H,(g), Mc (g) and NaOH according to the 
reaction: 

2Cl1 ~ (aq. )+ 2H,0 —>20H ~ (és )+H,(g)+ Cl, (g) . 


A direct current of 25 ampere with a current efficiency 62% is 


passed through 20L of NaCl solution (20% by mass). Write down 


the reactions taking place at the anode and cathode. How long 
will it take to produce lkg of Cl,? What-will be the molarity of the 
solution with respect to hydroxide ion? Assume no loss due to 
evaporation. GIT 1992) 


Solution: Reactions at anode and cathode are: 


2cl —> Cl, +2e7 (at anode) = 
2H,0+ 2e° ——>H, + 20H" (at cathode) 


1 kg of Cl, aw =14.08 mole 
71.0 


Charge to produce one mole of Cl, = 2 x 96500 coulomb 
Charge to pom 14.08 mole of Cl, = 2 x 96500 


x 14.08 coulomb - 


" Béfective current = = x 25.0= 15.5 ampere . 


62 Si ew PE fide eee 


~ Solution: ~-€rO3 "+ 6H* + Ge" > Er 3H 
-- 6% 96500 C 1 mole 
28 
Mass of chromium plated out by 24000 coulomb charge 
=>? __ x 24000= 2.155 g 
- 6x 96500 et + ea 
Charge required for plating out 1.5 g of chromium 
= ee x15 = 16701.92 coulomb 
Time = Chaee _ 1670192 _ 1436 15 sécond - 


Current 12.5 
_ = 22,27 minute 

Example 20. After electrolysis of a sodium chloride 
solution with inert electrodes for a certain period of time, 600mL 
of the solution was left which was found to be 1 N in NaOH. 
During the same period 31.75 g of copper was deposited in the 
copper voltameter in series with the electrolytic cell. Calculate 
the percentage theoretical yield of NaOH obtained. 

Solution: Equivalent mass of NaOH = 40 


Amount of NaOH formed = sas x 600 = 24 8 


31.75 gofCu=1 g-equivalent of Cu. 


During the same period, 1 g- equivalent of NaOH should have — 
been formed. 


1 g-equivalent of NaOH = 40 g 
% yield = = x 100 = 60 


Example 21. Peroxy disulphuric acid ae 203) can be 

prepared by electrolytic oxidation of H,SO, as: 
2H,SO, —> H,S,0, +2H* + 2e7 

Oxygen and hydrogen are by products. In such an electrolysis 

9.72 litre of H, and 2.35 litre of 0, were generated at NTP. What 
is the mass of peroxy disulphuric acid formed ? 

Solution: 

- Anodic reaction: 2H, SO, — > Hy S,0, + 2H* +2e7 


2H,O0—> 4H* +0, + 2e7 
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Cathodic reaction: 2H,O+ 2e ——+ 20H +H), 
Total equivalent of H,S,O, + equivalent of oxygen 


= Equivalent of H, 


9.72 litre H, = —- = 0.868 equivalent 


2.35 litre. O, = 2: = 0.42 equivalent 


Equivalent of H,S.O, = (0.868 — 0.420) 
= 0.448 
194 
"Mass of H,S20; = = 0.448 x ont = 43 456 g 
ye Example 22. Cadmium amalgam is. prepared by 


electrolysis of a solution of CdCl, using a mercury cathode. Find 
how long a.current of 5 ampere should be passed in order to 


Be Ree Psst ee 2g-mercury.At.-—— 


{LUSTRATIONS OF OBJECTIVE QUESTIONS 


1. Amount of energy used in the passage of 1 amp current for 100 


sec under a potential of 115 V 1s: 

(a) 20 kJ (by) 11.5kJ (cc) LISKI 
[Ans. (b)] 

[Hint Q =I xXt=1x100=100C 


(d) 0.115 kJ 


Energy = charge x potential 
= 100 x 115 =11500 J =11.5 kJ] 


. One litre of 1 4 CuSO, solution is electrolysed. After passing 


2F charge, the molarity of CuSO, will be: 


(a) M/2 (b) M/4 (c)M (d) zero 


[Ans. (d)] 
[Hint: 2F charge will ao 2 equivalent or 1 mole of copper 


Solution: 22 Hg require Cd to prepare 12% ‘ainaleain 


es 0.2738 
88 


Cae As De ed 
~ -s sss | molé-~ 2«-96500E - 
112.40 g 
chet’ required to deposit 0.273 g of Cd 


_ 2x 96500 


x 0.273 coulomb 
~ 112.40" 
‘Chaipe= = ampere x second 
Second = 2x 96500 x 0.273 _ = 93, 15 
; 112.40x 5 


Example 23. Assume that impure copper contains iron, . 


gold and silver as impurities. After passing a current of 140 
ampere for 482.5 second, the mass of anode decreased by 
22.260 g and thé cathode increased in-mass by 22.011 ‘g. 
Estimate the percentage of iron and.copper. originally present. 


Solution: . The increase at the cathode i is due to. copper ‘only. 


Hence, there is 22. 011 g of copper and rest ampurities of iron, 
gold and silver. 


Mass of impurities = (22.260 — 22.011) = 0.249 g - 


At anode, only copper and iron are oxidised; the gold and silver 
collect below anode in the form of anodic mud. 


M —>M ** +267 
(Copper and iron) 


No. of moles of metal oxidised = Nn B25 = 0.35 
2 x 96500 


No. of moles of coppet = 22.011 
, - 63.5 


= 0.3466, 
No. of moles of iron = (0:35 — 0.3466) = 0.0034 


mass of Cd =112.40, Pea act M aster ctace 


passing a current of 3 amp through silver nitrate solution is: 


' [Hint: 


Cu 4 26 — Cu 


Thus, al all the copper from CuSO, solution will be deposited and 
molarity of remaining CuSO, solution will be zero.] 


. The time required to coat a metal surface of 80 cm? with 


5x 10° cm thick layer of silver (density 1.05 g/om? ) by 


(a) 115 sec 
[Ans. (b)] 
[Hint: oo) 
Mass of silver in coated layer = volume x density 

= (80x 5 x 10") x 1.05 g 


(b)125sec (c)135sec (d).145 sec 


. =0.42g 
_ HE 
96500 
= x 96500 _ 042% 96500 _ 195.99 sec 
IXE 3x 108 


. 45 ¢ of aluminium (At. mass = 27 amu) is deposited at 


cathode from Al** solution by a certain quantity of electric 
charge.. The volume of hydrogen produced at STP from H* 


- ions in solution by the same quantity of electric charge will be: 


[CBSE (PMT) 2005] 


(a) 44.8 L (b) 22.4L (c) W2L @56L 

[An @] . 

[Hint: Number of equivalents of aluminium deposited 
4.5 


=—=0:5 
“9 


. Number of equivalents of H, will also be 0.5. 


Volume of H, gas at STP = Number of equivalents 


’ x Equivalent volume 
=0.5x11.2=56L] 


: Cost of electricity for the production of x LH, at NTP at 


cathode is-Rs x, then cost of production of x L-O, at NTP at 
anode will be : (assume 1 mole of electrons as one unit of 
electricity) 

(a) 2x (b) 4x».  (c) L&x (d) 32x 

[Ans. (a@)] 

Volume of H, _ Equivalent volume of H, 

Volume of O, Equivalent volume of O, 
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x & 11.2 . 
Volume ofO, 5.6 


Volume of O, =5 


Thus, L O, requires Rs x for its production, 


i.@,x L O, will require Rs 2x for the production. ] 
6. What current is to be passed for 0.25 sec for deposition of 
certain weight of metal which is equal to its electrochemical 
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8. When a quantity of Sectaey is passed through CuSO, 


solution, 0.16 g of copper gets deposited. If the same quantity 

of electricity is passed through acidulated water, then the 

~ volume of H, berated at STP will be: (given atomic weight of 
~. Cu= 64) 


KOT 2006} 
(a) 4. cm? (b) 56cm? —_(c) 604m? (d) 8cm? 
As. (b)] 
0.16 


Hint: Number of equivalents of copper deposited = aa = 0.005 


7. Ifthe aqueous solutions of the fleeing salts are electrolysed ° 
for 1 hour with 10 ampere current, which solution will deposit 
the maximum mass of the metal at cathode? The atomic 


weights are: Fe= 56, Zn = 65, Ag= 108, Hf =178 and 
 wW= 184. [EME (Kerala) 2006} 
“~~ (a) ZnSO,” (b) FeCl,” ~~ (c) HFCL, ~~ @) WEL, 
(e) AgNO, 
Ans. ()] | 
flint: Greater is the equivalent mass of the metal more will be 


ln amount ci ata at cathode. 


” ‘Equivalent mass of. metals . 


65/2 = 32.5 
FeCl, 56/3 = 18.66 
HCl, 178/4 = 44.5 
WCl, 184 /6 = 30.66 


108/1= 108 


-. Maxum amount of silver will be deposited at cathode. ] 


equivalent? [AMU (Medical) 2006] Volume of H, gas at STP = 11.2 x 0.005 
(a4A — (b) 100A (c) 200A (2A = 0.056 litre = 56 cm? ] . 
Ans. (a)] , i Number of faraday’s required to generate one gram atom of 
Aint: W =Zit magnesium from molten MgCl, is: [PMT (MP) 2007] 
a (a) | (b)2 ()3 (d)4 
Zz" It ngs (b)] 
eta =. ttre * 025 ome eee aes + Mg” T+ Ze > Mg = : 
ee ee = 2 ee Lmoleof Mgatom equres 2 mole. of electrons, i.¢.,2 faraday of ___. 


charge]. 

10: A direct current deposits 54 g of silver (Atiind mass = 108) 
during electrolysis. How much aluminium (Atomic mass = 27) 
would be deposited from aluminium chloride solution by the 
same amount of electricity ? [PMT (Kerala) 2068] 

(a)4.5-¢ - --(b)-5.4g----- (e) $4g--——+-.(d)-2:7g. - -- 
{e) 27g 
Ans. (a)] 


_ Hint: Equivalent mass of silver = 108 


Equivalent mass of aluminium in (AICI,) = 2 =9 
- Wag. ay 
Wy Ex 
54° _ 108 
Wy 9 
Wu = 4.58] 


SECTION Il : CONDUCTANCE AND CONDUCTORS 


12:5 ARRHENIUS THEORY OF : 
ELECTROLYTIC DISSOCIATION 


In order ‘to. explain the Sepa of electrolytic solutions, 
Arrhenius put forth, in 1884, a comprehensive theory which is 


._known as theory of electrolytic dissociation or ionic theory. The 


main. points of the theory are: 

(i) An electrolyte, when dissolved in water, breaks up into 
two types of charged particles, one carrying a positive charge and 
the other a negative charge. These charged particles are called 
ions. Positively charged i ions are termed cations and negatively 
charac as anions. 


. - AB—»A* +B 
NaCl —> Na* +CI" 
K,SO, —> 2K* +802" 
. ry 


Electrolyte Tati 


In its modern form, the theory assumes that solid electrolytes 
are composed of ions which are held together by electrostatic 
forces of attraction. When an electrolyte is dissolved in a solvent, 
these forces are weakened and the electrolyte undergoes 
dissociation into ions. The ions are solvated. 


_AtB™ =. + Bo 


or = AB +aqg.—>A* (ag. ja Boian) 


(ii) The process of splitting of the molecules into ions of an 
electrolyte is called ionisation. The fraction of the total number 
of molecules present in solution as ions is known as degree of 
ionisation or degree of dissociation. It is denoted by ‘ca’ 

_- Number of molecules dissociated into ions 
Total number of molecules 


It-has been observed that all electrolytes do not ionise to the 
same extent. Some are almost completely ionised while others are 
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feebly ionised. The degree of ionisation depends on a number of 
factors (see 12.6). 

(iii) lons present in solution constantly re-unite to form neutral 
molecules and, thus, there is a state of dynamic equilibrium 
between the ionised and non-ionised molecules, i.e., 


AB At +B" 
Applying the law of mass action to above equilibrium 


[4* [B71 _ 
/ [AB] 


K is known as ionisation constant. The electrolytes having 
high value of K are termed strong electrolytes and those having 
low value of K as weak electrolytes. 


(ii) Ohm’s law applicability: The electrolytic solutions 
like metallic conductors obey Ohm’s law, i.e, the strength of the 
current flowing through a conductor is directly proportional to 
potential difference (£) applied across the conductor and is 
inversely proportional to the resistance of the conductor. 
Mathematically, 

I=E/R 

This can only be possible ifeions are already present in the 
solution and no part of the current is used in splitting up the 
molecules into ions. The current has only directive effect on. the 
ions. , : : 

(iii) Ionic reactions: Evidence for the existence of ions in 
aqueous solutions of electrolytes is furnished by well known 
reactions in- inorganic chemistry. A white precipitate of silver 
chloride is obtained whenever Ag” ions come in contact with _ 


(iv) When an electric current is passed through the 


chloride ions. 


~electrolytic solution, the positive ions (cations) move towards ~~ 


cathode and the negative ions (anions) move towards anode and 
get discharged, i.e, electrolysis occurs. 

The ions are discharged always in equivalent amounts, no 
matter what their relative speeds are. 

- (v) The electrolytic solution-is always neutral in nature as the 
total charge on one set of ions is always equal to the total charge 
on the other set of ions. However,-it is not necessary that the 
number of two sets of ions must be equal always. 

AB === A* + BO (Both ions are equal) 
NaCl===* Na* + CI 
AB, === A** + 2B" 

BaCl, == Ba** + 2c 

BR 2A" +B 
Na,SO,=== 2Na* + SO7 

(vi) The properties of electrolytes in solution are the 
properties of ions present in solution. For example, acidic 
solution always contains H* ions while basic solution contains 
OH ~ ions and characteristic properties of solutions are those of 
H * ions and OH ~ ions respectively. 

(vii) The ions act like molecules towards depressing the 
freezing point, elevating the boiling point, lowering the vapour 
pressure and establishing the osmotic pressure. 

(viii) The conductivity of the electrolytic solution depends on 


the nature and number of ions as the. current is carried through 
solution by the movement of ions. 


(Both ions are equal) 

(Anions are double that of cations) 

_ (Anions are double that of cations) 
(Cations are double that of anions) 


(Cations are double that of anions) 


Evidences in Favour of tonic Theory 


A large number of experimental: observations are available 
which support Arrhenius theory. A few of them are given below: 

(i) Tons present in solid electrolytes: X-ray diffraction 
studies have shown that electrolytes are composed of ions. For 
example, a crystal of NaCl does not contain NaCl units but Na* 
and Cl” ions. Each Na* ion is surrounded by six Cl” ions and 
each Cl” ion in tur is surrounded by six Na* ions. The whole 
system is composed of equal number of Na* and Cl” ions. The 
ionic compounds behave as good conductors in fused state. It can 
only be possible if ions are already present in ionic solids, 


Ag’ +NO; +Na* +cr 5 AgCl + Nat + NO; 
ppt. 


But no precipitation occurs when AgNO, solution is added to 
CCl,, CHCl, or C,H;Cl as these substances being 
non-electrolytes do not furnish-Cl~ ions in solution: --.. ~~ 

_ An acid which gives all tests of H* ions in aqueous solution, 
does not give the same tests when dissolved in any organic 
solvent because no ionisation of the acid occurs in the organic 
solvent to furnish H * ions. 

(iv) Heat of neutralization: When one gram-equivalent of 
a strong acid is neutralized by one gram-equivalent of a strong 
base, the heat evolved is always the same, i.e, 13.7 kcal. This can 
be explained on the basis of Arrhenius theory that an acid 
furnished H* ions and base OH ™ ions when dissolved in water 
and the process of neutralisation involves the common reaction. 


H’ +OH =—H,0+ 13.7 kcal 


Thus, heat of neutralisation i is actually the heat of formation of 


'H,O from H* and OH™ ions. 


(v) Abnormal colligative properties: The abnormal 
behaviour towards colligative properties as observed in the case 
of electrolytes can be explained on the basis of ionic theory. 
When an electrolyte i is dissolved in water, the number of particles 
in the solution is always more than the number of molecules 
actually dissolved due to ionisation. The van’t Hoff factor, 

_ Observed colligative property 


~ Calculated colligative property 


is always more than one, i.e.,i=1+(n—-1)a where, ‘n’ is the 
number of ions produced by the ionisation of one molecule of the 
electrolyte and ‘a’ is the degree of ionisation. 

(vi) Colour of solutions: The colour of the electrolytes in 
solution, if any, is due to their ions. The CuSO, is blue in solution 
due to the presence of Cu** ions. Potassium permanganate 
(KMnO, ) is purple in solution due to the presence of MnO; ions. 


(vii} Explanation of some other phenomena: onic theory 
provides satisfactory explanations regarding various phenomena 
such as electrolysis, conductivity, salt hydrolysis, ad 
product, etc. 


—_——_§_fi)-Nature—of 
soe Mnolecule of a substance: are held more_by covalent bonding than_. 
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Limitations of Arrhenius Theory 


(i) Ostwald’s dilation law which is based on Arrhenius theory 
is not applicable to strong electrolytes. 

Gi) Strong electrolytes conduct electricity in fused state, ie.,in 
absence of water. This is in contradiction of Arrhenius theory 
according to which the presence of solvent is a must for ionisation. 

(iii) Arrhenius theory assumes independent existence of ions 
but fails to account for the factors which influence the mobility of 
the ions. 


12:6 FACTORS PERTAINING TO DEGREE 
OF IONISATION 


The degree of ionisation of an electrolyte in solution depends 
upon the following factors: 
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Specific Conductance or Conductivity 


The resistance of any conductor varies directly as its length (/ ) 
and inversely as its cross-sectional area (a), i.e., 


re ak ae ... (ii) 
a a 


where, p is called the specific resistance. 
If /=1cm and a=1cm’, then 
R=p iil) 
The specific resistance is, thus, defined. as the resistance of 
one centimetre cube of a conductor. 
The reciprocal of specific resistance is termed the specific 


conductance or it is the conductance of one centimetre cube of a 
conductor. 


It is denoted by the symbol «. Thus, 


solute:—Whentheionisable—parts—of—a 


by electrovalent bonding, less ions are furnished in solution. 
Such substances are termed weak electrolytes. H,S, HCN, 
NH,OH, CH,COOH are examples of this class. NaCl, 
Ba(NO,),, KOH, etc., are strong electrolytes, in which the 


transfer of electrons seems to be more or less complete, furnish — 


ions immediately when dissolved: Strong electrolytes are alimost™ 
completely ionised in solution. 

(ti) Nature of solvent: The main function of the solvent i is 
to weaken the electrostatic forces of attraction between the two 
ions and separate them. The force of attraction holding the ions 
together in any medium is expressed as: 

; Fe 14% 
fo K /? 
where, K is the dielectric constant of medium. 

Any solvent which has high value of dielectric constant has 
the capacity of separating ions. Water is considered to be the best 
solvent as it has the highest dielectric constant. The dielectric 
constants of some of the solvents are given below at 25°C. 

Water  Methylalcohol Ethylalcohol Acetone 
81 35 27 7 21 


(iii) Dilution: The extent of ionisation of an electrolyte is 
inversely proportional to the concentration of its solution. Thus, 
degree of ionisation increases with the increase of dilution of the 
solution, i.e, decreasing the concentration of the solution. 

(iv) Temperature: The degree of ionisation increases with 
the increase of temperature. This is due to the fact that at higher 
temperature molecular speed is increased which overcomes the 
forces of attraction between the ions. 


: ELECTROLYTIC CONDUCTANCE 


The conductance is the property of the. coriductor (metallic as 
well as electrolyti¢) which facilitates the. flow of electricity - 
through it. It is equal to the reciprocal of resistance, i. @., 


_ Conductance = ask t se .» (i) 
Resistance R 
It is is ; expressed i in the unit called reciprocal ohm (ohm or 
mho) or siemens. 


K= Z kK = kappa—tThe specific conductance _... (iv) 
ss : 5 : 

Specific conductance is also called conductivity. 

From eq. (ii), we have 

= * R or us = u ‘ i 

Rae wT NONE he” JL Neat eae one ee ane 
l (1 

K=—xC GG = cell constant 

a a 


' or Specific conductance = conductance x cell constant 


In the case of electrolytic solutions, the specific conductance 
is defined as the conductance of a solution of definite dilution 
enclosed in a cell having two electrodes of unit area separated by 
one centimetre apart as shown in Fig. 12.2. 


The unit of specific conductance is ohm”! cm™! 


Solution 


Fig. 12.2 Representation of specific conductance 


Equivalent Conductance 


One of the factors on which the conductance of an dlectraiytic 
solution depends, is the concentration of the solution. In order to 
obtain comparable results for different electrolytes, it is 
necessary to take equivalent conductances. 

Equivalent condtictance is defined as the conductance of all 
the ions produced by one gram-equivalent of an electrolyte in a 
given solution. It is denoted by A. 

To understand the meaning of equivalent conductance, i imagine a 
rectangular trough with two opposite sides made of metallic 
conductor (acting as electrodes) exactly 1 cm apart, If 1 em? (1 mL) 
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_ Its unit is ohm™! cm? mol. ; 
Molar conductance - 


Equivalent conductance = 

: n 
a Molecular mass 
where, ———— 
Equivalent mass 


Measurement of Conductance . 


It is now known to us that when the solution of an electrolyte 
is taken between two parallel electrodes of cross-sectional area 
‘a’ and ‘/’ cm apart, then the specific conductance, k, should be: 

: eae ka | ‘ 
K=--:=— 
aR 

Thus, knowing the values of R,/ and a, the specific 

conductance can be measured. The resistance of the solution 


__ between two parallel electrodes is determined by using 


solution containing 1 gram-equivalent of an electrolyte is placed in 
this container and conductance is measured. 
. .According.to definitions, ... Suse deabhits cover eesas 
Conductance = Specific conductance (Kk) 
= Equivalent conductance (A) 
If the solution is diluted to say (9cm’) (9mL),_ the 
conductance of the solution will be the same but specific 
conductance becomes 1/9 th as it contains nine cubes. The 
conductance is also equal to the equivalent conductance because 
the solution still has 1 g-equivalent of thé electrolyte. This is 
shown in Fig. 12.3. Thus, : - ; 
’ Equivalent conductance (A) = 9x k 
In general, : 
8 A=KxXV 2 .« .. (v) 
where, V is the volume in mL. containing | g-equivalent of the 
electrolyte... 2° mo 


In case, if the concentration of the solution is c g-equivalent 


per litre, then the volume containing 1 g-equivalent of the 


electrolyte will be 1000/ c. hee & 
So, equivalent conductance, - 


A= x x 100 . (vi) 
c. 
=, —KEKX 1000 ; 
N 


where, NV = normality 
The unit of equivalent conductance is ohm™! cm? eq”. 


Molar Conductance 


The molar conductance is defined as the conductance of all the 
ions produced by ionisation of 1 g-mele of an electrolyte when 
present in V mL of solution. It is denoted by p. 

Molar conductance p= K XV w. (vii) 
where, V is the volume in mL containing 1 g-mole of the 
electrolyte. If c is the concentration of the solution in g-mole per 
litre, then 


1000 
c 


Wheatstone bridge method. The diagram of the apparatus is 
shown in Fig. 12.4. AB is a uniform wire and_X is a sliding 
contact which moves over it. C is the conductivity cell containing 
the solution of the electrolyte and S represents the source of 
alternating current. R is the resistance box and T is a headphone 


to-detect.the-flow-of_current..A-suitable-resistance-is.taken-out——_.._. 


from the resistance box and the sliding contact X is moved on the 
wire to search a point of minimum sound in the headphone. At 


Resistance of solution 


rn tenn, 


Resistance from resistance box Resistance XA Length XA 


Thus, resistance of solution can be determined. Reciprocal of 
this resistance gives the conductance of solution, = 

Direct current (DC) cannot be used because it produces two 
complications. ; 7 

(i) Change in the concentration of the solution occurs due t 
electrolysis which will change the resistance. 

(ii) Polarisation at the electrodes: sets in which also changes 
the resistance. ae 


Resistance box 


Telepho: 
head 


Thermostat. 


Induction coil . ene 
Fig. 12.4 Determination of conductivity 


Thus, an alternating current (AC) is used to overcome the 
above complications. _ 

The solution whose conductance is to be measured is taken in 
a special type of cell known as conductivity cell: Various types of 
cells are shown in Fig. 12.5. The electrodes consist of platinum 
discs coated with finely divided platinum black and welded to 
platinum wires fused in two glass tubes. The glass tubes contain 
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mercury and are.firmly fixed in the cover of cells. Contact with 
the platinum is made by dipping the copper wires of the circuit in 
the mercury contained in the tubes. As the conductivity changes 
with temperature, the cell- is usually placed in a constant 
temperature bath during the experiment. Cells with long paths are 
used for concentrated solutions and cells with short paths and 
large electrodes are used for dilute solutions. 


43x 10° ® ohm”. For ordinary purposes, double distilled water 
may be used. 


Effect of Dilution on Equivalent Conductance 


The value of equivalent conductance increases with dilution. 
This is due to the fact that degree of ionisation increases with 
dilution thereby increasing the total number of ions in solution. 
Solution which contains large number of ions compared to 
another solution of the same concentration at the same 
temperature has more conductance and is said to be stronger 
electrolyte. The one which has relatively small number of ions is 
called a weak electrolyte. The number of ions from an 
electrolyte depends on the degree of dissociation. The curve (Fig. 
12.6) shows the variation of the equivalent conductance of some 
electrolytes with dilution. It shows that electrolytes behave in two 
ways on dilution: 


(c) 
Fig. 12.5 Conductance cells 
Cell Constant 


... Since, the electrodes _are_not exactly_1_unit.apart-and.may not 
possess a surface area of 1 square unit, the measured resistance 
does not give the specific conductance,of the solution. Actual 
measurements of / and a being inconvenient, an indirect method 
is employed to determine the value of — which is a constant 

a 
quantity for a particular cell and is known as cell constant. We 
know that, — 
‘Specific conductance — / 


— = Cell constant 
Conductance a 


The resistance of cell, i.e., conductance is measured when 
filled with a standard solution (say N/10OKCI solution) at a given 
temperature. The standard values of specific conductance of KCI 
solutions of various concentrations at different temperatures are 
known. Thus, the cell constant is calculated by using the above 
equation, The same cell constant applies to a measurement with 
any other solution. 

The determination of specific conductance of an electrolytic 
solution, thus, consists of two steps: 

Step I: Determination of cell constant by using a standard KCl 
solution of known concentration in the conductivity cell. 

Step II: Determination of resistance of the given solution using 
the same cell. The reciprocal of this gives the value of conductance. 

Multiplication of conductance and cell constant gives the 
value of specific condugtance of the solution. . 

In order to. determine equivalent conductance or molar 
conductance, the concentration of the experimental solution 
should be known. In conductance: measurements, the solutions 
are always prepared in conductivity water which has no 
conductance due to dissolved impurities. It is prepared by 
distilling a number of times the distilled water to which a litile 
KMnO, and KOH have been added in a hard glass distillation 
assembly. Such water has very low conductance of the order of 


____(G) Electrolytes like KC] have high value of conductanceeven : 


at low concentration and there is no rapid increase in their 
equivalent conductance on dilution. Such electrolytes are termed 
strong electrolytes. In the case of strong: electrolytes, there is a 
tendency for equivalent conductance to approach a limiting value 
when the concentration approaches zero. When the whole of the 


‘electrolyte has ~ionised,-further ‘addition of the- water “does “not—— 


bring any change in the value of equivalent conductance. This 
stage is called infinite dilution. The equivalent conductance has a 
limiting value at infinite dilution and is represented by A.,,. 


Equivalent conductance ——> 


Acetic acid 


Concentration ——- 
Fig. 12.6 Conductance curve 


(ii) Electrolytes like acetic acid have a low value at high 


concentration and there is a rapid increase in the value of 


equivalent conductance with dilution. Such electrolytes are 
termed weak electrolytes. There is no indication that a limiting 
value of equivalent conductance can be attained even when the 
concentration approaches zero. Thus, graphically, A,, of weak 
electrolytes cannot be obtained. 

It is thus concluded that equivalent conductance of 
electrolytes whether strong or weak increases with-dilution and 
reaches to’a maximum or limiting value which is termed A, 
(equivalent conductance at infinite dilution). A., in the case of 
strong electrolytes can be obtained by extrapolation of the graph 


of equivalent conductance to zero concentration but in the case of 


weak electrolytes it cannot be obtained accurately. An indirect 
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method for obtaining A ., for weak electrolytes has been given by 
Kohlrausch. 


12,8: KOHLRAUSCH’S LAW 


“At infinite dilution, when dissociation is complete, each ion 
makes a definite contribution towards equivalent conductance of 
the electrolyte irrespective of the nature of the ion with which it is 
associated and the value of equivalent conductance at infinite 
dilution for any electrolyte is the sum of contribution of its 
constituent ions”, i. e., anions and cations. Thus, 


A. =A, +h, 
The A. and, are called the ionic conductances of cation and 


anion at infinite dilution respectively. The ionic conductances are 
proportional to their ionic mobilities. Thus, at infinite dilution, 


Ae 


| 789° 


... (iv) 


co } oo 
AAI (804)3 =e ue +— R63. 


Molar Conductance at Infinite Dilution 
AS, ore” = Molar conductance at infinite dilution 
=mA> + nam 
where, mand n are number of ions formed. 
Hal (S04) = 2h qi + SAG o2~ = 6MA12 (804), 


Mpaci, = Ag+ + 2A0- = 2Azaci, 


12.9 THEORY OF WEAK ELECTROLYTES 


(i) Weak electrolytes are not completely ionized when dissolved 
in a polar medium like water. There exists equilibrium between 


_ions-and-unionised molecules. 


and 


respectively at infinite dilution. The value of k is equal to 
96500 C, i.e, one Faraday. 

Thus, assuming that increase in equivalent conductance with 
dilution is due to increase in the degree of dissociation of the 


- electrolyte; it is evident that the-eléectrolyte- achieves the degree of 


dissociation as unity when it is completely ionised at infinite 
dilution. Therefore, at any other dilution, the equivalent 
conductance is proportional to the degree of dissociation. Thus, 


Degree of dissociation 


A _ Equivalent conductance at a given concentration. 
Aw 


O= 


Equivalent conductance at infinite dilution 


Calculation of absolute ionic mobilities: It has been 
experimentally found that ionic eenguciinice is directly 
proportional to ionic mobilities. ; 


Ng Sty, 
AL cu 
where, u, and u_ are ionic mobilities of cations and anions. 
\, = Fu, where, F = Faraday 


A_ = Ful = 96500 coulomb 


Tonic mobility = LE CON pelosi. 
Potential gradient 
Tonic velocity (cm/ sec) 


~ Potential difference (volt)/ electrode separation 


Relation between Equivalent and 
Molar Conductance at Infinite Dilution 
eee Ce ; 
A aren +—~)* .. Gi) 
¥ . ; 
where, z* and z™~ are corresponding charges on the ions, 


es T xe | ee a 
€.g., A Bach, ae Mea? +oAc- ... (ii) 
ee eee 
Aaa, =3 Al3+ + 1 ne wre. iii) 


where, u, and u, are ionic mobilities of cation and anion — 


Bat = 
(ii) Concept of chemical equilibrium and law of mass action 
can be applied to ionic equilibrium also. 


AB == A* +B 


t=0 c 0 0 
i een Oh: O- om “C& Co 
eq. 
K= [47 [B87] |[B- Je CaxCa - 
[AB] Cii-a) 
Co.” 
= Gd) 
l-a 
For weak electrolytes, a <<] 
(l-a)=1 
_ Thus, equation (i) can be written as: 
K =Coa? 
K Be: 
a= j— «ww U1 
es (ii) 


From eq. (ii), it is clear that on dilution concentration 
decreases, as a result of which degree of ionisation ‘a’ increases. 
At high degree of ionisation both equivalent and molar - 
conductance increase. 


(iii) Degree of ionisation can be calculated as: 


Cc c 
A ss 
= ae = ... (iil) 
A € A m 
AS, AS, = Equivalent and molar conductance at concentration ‘C’ 
A Aj, = Equivalent and molar conductance at infinite dilution. 


Substituting the values of ‘co’ from eq. (iii) in eq. (i), we get 


C 
Cx (a2) 
K= aa MN = 2 +__ .. (iV) 


AGS AGANG AQ) 
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Similarly, 
Chay 


“ee OAS) 
AG, (AG, ~ AS) 


wis (v) 


Equations (iv) and (v) are called Ostwald equations. 


oe Example 24. 1.0 N solution of a salt surrounding two 
platinum electrodes 2.1 em apart and 4.2 sq cmin area was found 
to offer a resistance of 50 ohm. Calculate the eqvaene 
conductivity of the solution. 


Solution: Given, /=2.1cm,a = 4.2sq cm, R = 50ohm 
Specific conductance, kK = Es = 
aR 
or gel Te ital ce Zn 
. 42 50 


Equivalent conductivity = «x V. 


Example 27. The equivalent conductances of sodium 
chloride, hydrochloric acid and sodium Hetele at infi yah 
dilution are 126.45, 426.16 and 91.0 ohm™ ‘om eq! 
respectively, at 25°C. Calculate the equivalent conductance of 
acetic acid at infinite dilution. 

Solution: According to Kohlrausch’s law, 


A..CH4COONa = ho c007 ths = 91.0 =) 
Asner = Ags +AQ- = 426.16 ... ii) 
A cnaci =) +A = 126.45 ... Gi) 
Adding egs. (i) and (ii) and subtracting eq. (iii), 
A ca c007 ss Nat . Aye me Aa ~ Anat = Mor 
= 91.0+ 426.16- 126.45 

* cxicoo” +04 =A.cu coon =390.7 ohm7! cm? eq™! 

© aniple 28. The equivalent conduct, of ml / dy 


Sohution of acetic acid at 25°C is 143 0hm™' cm 7 eq! 


V =the volume-containing 1-g-equivalent =1000-ml-- —_ 
So, Equivalent conductivity = 0.01 1000 
=10ohm™! cm? eq”! 


os Example 25. Specific sendiclane: of a_ decinormal 
solution of KCI is 0.0112 ohm”! . The resistance of a cell 


_ Containing’ the solution was a t6 bé-56. What is the cell” 


constant? 


Solution: We know that, 

Sp. conductance = Cell constant x Conductance 

Sp. conductance 

or Cell constant =—________—_ 
Conductance 

= Sp. conductance x Resistance 


= 0.0112 x 56= 0.6272cm | 


“2s >-Example 26. The specific c ae of 002M KCI 
solution at 25°C is 2.768 x 10° ohm"! . The resistance of 


.this solution at 25° C when measured on a particular cell was 


250.2 ohm. The resistance of 0.01M CuSO, solution at 25°C 


measured with the same cell was 8331 ohm. Calculate the molar 
conductivity of. the copper sulphate solution. 
Cell constant = ad hata c 
Conductance of KCI 
_ 2.768x107 
1/ 250.2 

= 2.768 10° x 250.2 

For 0.01 M@ CuSO, solution 


Sp. conductivity = Cell constant x Conductance 


Solution: 


=2.768x 107 x 250.2x —_ 
8331 
Molar conductance = Sp. cond. x — 
a ; ; 
_ 2.76810 x 250.2 | 1000 _ 8.312 chm cm? mol! 
8331 1/100, 


Calculate the “degree. of dissociation of CH, COOH i 
A...cH,COOH is 390.71. 
Solution: 


A CH ;COOH = 390.71 ohm”! em? eg - 
I Getateda Ae ated _.-Ncn,coon-=14.3: ohm! cm? eq@! an 
Degree of dissociation, & = Ms = Bocds 
a Aw 39071 
= 0.0366, i.e, 3.66% dissociated 


ample 29. A decinormal solution of NaCl has specific 
cond tivity equal to 0.0092. If ionic conductances of Na* and 


Cl” ions at the same temperature are’ 43.0 and 65.0 ohm! 


respectively, calculate the degree of dissociation of NoCl ; 
solution. 


Solution: Equivalent conductance of N / 10.NaC! solution 
A, = Sp. conductivity x dilution 
= 0.0092 x 10,000 = 92 ohm™ 
=K, he Nae 
= 430+ 650 = 108 ohm”! 
Degree of dissociation, & = -— = - = 085 


oo 


Example 30. At 18°C, the conductivities at infin nite 
dilution of NH 4Cl: NaOH and NaCl are 129.8, 217.4 and 108.9 
mho respectively. If the equivalent conductivity of N/100 
solution of NH,OH is 993 mho, calculate the degree of 
dissociation of NH ,OH at this dilution. 


Solution: A.nn,cl = Ay 4M, ca =125.8 Se (i) 
Anmon = ays thoy = 217.4 ww Gi) 
A onc =x + tA G- = 108.9 .»- (iii) 


Adding eqs. (i) and (ii) and ‘subtracting eq. (ii), 
Anat m Na- is Mat - Kon 7 Anat — Key 


It 


Anat + Lae =129.8 + 217.4 —108.9 


A..NH,OH = 238.3 mho 
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A ~ Na » - > 
Degree of dissociation, : = = 9.93 _ 0.04167 15. The resistance of 1 N solution of CH,;COOH is 250 ohm; 
2 238.3 ; when measured in a cell of cell constant 1.15 cm™'. The as 
equivalent conductance will be: pate. nas 
(a) 4.6 ohm”! cm? eq! (b)9.20hm™! cm* eq) se 
: (c) 18.4 ohm™ cm? eq™! (d) 0.023 ohm”! cm? eq”! 
11. If te equivalent conductance of 1M —e acid is 12.8 ohm™! [Ans. (a)] 
cm? eq”! and if the a ae of benzoate ion and H* ions are [Hint: « =C x f pals x 115 =4.6 x 107 ohm! em™? 
42 and 288.42 ohm! cm? eq” respectively, its degree of 2 , 
dissociation is: (DPMT 2005) Koc apie ee ag cn cmt eg . 
(a) 39% (b) 3.9% ON 1 
0 : 0 . 16. Resistance of a conductivity cell filled with a solution of an - 
(c) 0.35% (d) 0.039% ty 
‘[Ans. (b)] oe ie . electrolyte of concentration 0.1 M is 100 ohm. The 
: An 12.8 conductivity of this solution is 1.29 § m7. Resistance of the 
(Hint: a= ne G2 + 28842) 0.0387 same cell when filled with 0.2 M of the same solution is 520 
m ohm. The molar conductivity of 0.02 M solution of the 
Percentage dissociation = 0.0387 x 100 = 3.9%] electrolyte will be: (EEE ae) 
42. Equivatent “conductances “of “Nat Het -and-CH;COONa-at———- (ay 124 x 10 Sm? mot ~~ -(b) 1240. x 10S? molt. 


“qnfinite dilution are 126.45, 426.16 and 91 ohm em? eq™ 


; ~ (c) 1.24 104 Sm? mol — (d) 12.4 x 107 § m* mor 
respectively. The equivalent conductance of CH,;COOH at 


infinite dilution would be: [Ans. (a)] oe 
(a) 101.38 ohm™! cm? eq”! (b) 253.62 ohm™! cm? eq?! [ Hint: fee a 
(c) 390.71 ohm™ cm? eq”! (d) 678.90 ohm”! cm? eq! . hot 
{Hint: Acy coon = Ncuycoona + Aci ~ Anact | 4920 mm"! 
= 9] + 426.16 — 126.45 
= 390.71 ohm™ cm? eq” ] A. =x x 1000 
13. The specific conductance of earuated solution of AgCl is 
found to be 1. wae x10 ohm”! cm! and that of water is = (3 x 4\ x 1000 
6x 10° ohm” cm. The solubility of AgClis. ca ta 
: = a -6 
Given, A’gci = 137.2 ohm! em? eq™ a & ms 129) art te 10 
(a) 1.7x107 M (b)1.3x10° M =124 x10 § m? mot} 
—4 -6 4 

(c) 13x10" M (d) 1.3 x 10" M 17. If the molar conductance values of Ca** and Cl at infinite 
[Ans. (b)] dilution are respectively 118.88 x10 m? mho mol”! and 
[Hint: Kage: = Kags (Solution) — KH,0 77.33 x 10°4 m? mho mol”! then that of CaCl, is: 

= 1.86 x 10° — 6 x 10% =1.8 10° ohm” cm! (in m? mho mol”) (VITEEE 2007) 

Rasnx™ (a) 118.88 x 104 (b) 154.66 x 10 
s P (c) 273.54 x 107 (d) 196.21 10 
_kx1000 _ 1.810 * 1000 _131x10° M] [Ans. (c)] 
Mists 137.2 [Hint:  A°, CaCl, = 4° Ca?* + 20°C" 
14. The specific conductivity of N/10 KCI solution at 20°C is = (118.88 x 10) + 2(77.33 x 107) 


0.0212 ohm cm! and the resistance of the cell containing 


: : ; . = 273.54 x10 m? mho mol ] 
this solution at 20°C is 55 ohm. The cell constant is: 


18. The molar conductivities of KCl, NaCl and KNO, are 152, 


(a)46l6cm! (b) 1.166 cm! ee : 
(c) 2.173 ea (d) 3.324 eel 128 and 111Scm* mol” respectively. What is the molar 
[Ans. ()] conductivity of NaNO? (VITEEE 2008) 
eee is (a) 101 Scm? mol"! (b) 87 Scm? mol"! 
[HN ESO ; (c) -— 101 Scm? mol”! (d) — 391 Scm? mol"! 
foxx tenx R= 0.0212 x55 = 1.166 cm] ARRON | : : ; 
A c [ Hint: Anano, = Anaci + Agno, 7 Aker 


= 128+ 111 -152=87S cm? mol” |} 
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SECTION Ill : 


ELECTROCHEMICAL CELL 


12,10: ELECTROCHEMICAL CELL 


Electrochemical cell is a system or arrangement in which two 
electrodes are fitted in the same electrolyte or in two different 
electrolytes which are joined by a salt bridge. Electrochemical 
cells are of two types: 

(a) Electrolytic cell 

(b) Galvanic or voltaic cell 


(a) Electrolytic Cell 


It is a device in which electrolysis (chemical reaction 
involving oxidation and reduction) is carried out by using 
electricity ot in which conversion of electrical energy into 
chemical energy is done. 


(b). Gaivanic or Voltaic Cell 


—_ 
(Flow of electrons) 


Zinc ss —_ ese Copper 
electrode Current electrode . 
(Anode) flow (Cathode) 
Zinc sulphate ; , “Copper (I!) 

solution ee dal ae sulphate 

(ZnS0,) ~ Cotton wool arth 


plug (CuSO,) 


______ Anion movement <———_——.. 


It is a device in which a redox reaction is used to convert 


—_—_——_—_ > Cation movement 


chemical energy into electrical energy, i.e., electricity can be 
obtained with the help of oxidation and reduction reaction. The 
chemical reaction responsible for production of electricity takes 
place in two separate compartments. Each compartment consists 
of a suitable electrolyte solution and a metallic conductor. The 


_ . metallic. .conductor...acts..as-.an—electrode.:-The--compartments~ 


containing the electrode and the solution of the electrolyte are 
called half-cells. When the two compartments are connected by 
a salt bridge and electrodes are joined by a wire through 
galvanometer the electricity begins to flow. This is the simple 
form of voltaic cell. - 


42.11 DANIELL CELL 


It is designed to make use of the spontaneous redox reaction 
between zinc and cupric ions to produce an electric current 
(Fig. 12.7). It consists of two half-cells. The half-cell on the left 
contains a zinc metal electrode dipped in ZnSO, solution. The 
half-cell on the right consists of copper: metal electrode in a 
solution of CuSO,. The half-cells are joined by a salt bridge that 
prevents the mechanical mixing of the solution. 
When the zinc and copper electrodes are e joined by a wire, the 
following observations are made: 
(i) There is a flow of electric current moueh the external 
circuit. ; 
(ii) The zinc rod loses its mass while the copper rod gains in 
mass. 
(iit) The concentration of ZnSO, solution increases while the 
concentration of copper sulphate solution decreases. 
('v) The solutions in both the compartments remain 
electrically neutral. 


During the passage of electric current through external circuit, - 
electrons flow from the zinc electrode to the copper electrode. At | 


the zinc electrode, the zinc metal is oxidised to zinc ions which 
go into the solution. The electrons released at the electrode travel 
through the external circuit to the copper electrode where they are 


a _ Fig. 12.7 Daniell cell 


used in the reduction of Cu?* ions to metallic copper which is 
deposited on the electrode. Thus, the overall redox reaction is: 


(Zn(s) + Cu ae (aq.) — Cu(s) + Zn 2+ (aq.) 


Thus, indirect redox reaction ° leads to the production of 
electrical energy. At the zinc rod, oxidation occurs: It is the anode — 
of the cell and is negatively charged while at copper electrode, 
reduction takes place; it is the cathode of the cell and is positively 
charged. 133 

Thus, the above points can be summed u up as: 

(i) Voltaic or Galvanic cell consists of two half-cells. The 
reactions occurring in half-cells are called half-cell _ 
reactions. The half-cell in which oxidation occurs is ° 
called oxidation half-cell and the reaction taking place’ 
in it is, called oxidation half-cell reaction. Similarly, the 
half-cell in which reduction occurs is called. reduction 
half-cell and the reaction taking place in it is called 
reduction half-cell reaction. 

(il) The electrode where oxidation occurs is called anode and 

_ . the electrode where reduction occurs is termed cathode. 
(ii) Electrons flow from anode to cathode in the external 
; circuit. 

(iv) Overall ion movement during the operation of the 

galvanic cell shows that negative ions (anions) move 
away from cathode where they are present in excess, 
towards anode, where they are needed to balance the 
charge of the positive ions (cations) formed. Similarly, 
cations move away from the arode where they are in 
excess, towards the cathode, where they balance the 
anions left in excess. 
Example : An Au(NO;), solution containing a gold 
electrode is connected by means of salt bridge to a PbCl, 
solution containing lead electrode. The cell can be 
correctly represented as, 


ELECTROCHEMISTRY 


——> 
(Electrons flow) 


Salt oie 


a al Cain flow 
Anion flow <————————- 


Fig. 12.8 


(v) Chemical energy is converted into electrical energy. 
(vi) The net reaction is the sum of two half-cell reactions. The 
reactions in Daniell cell can be represented as: 


Oxidation half reaction, Zn(s) —> Zn** (ag.) + 2e7 


Reduction half reaction,Cu*(ag.) + Ze~§ —> Cu(s)_ 


Net reaction Zn(s) +Cu** (aq.) — Zn* (aq.) + Cuts) 


Electrode Signs 
The signs of the anode and cathode in the velbsie or galvanic 
cells are oppusite to those in the electrolytic cells (Fig. 12.9). 


ELECTROLYTIC CELL VOLTAIC OR GALVANIC CELL 
(emf is applied to cell) (emf is generated by cell) _ 


Partition 


Anode ~— Cathode Anode - Cathode 
Fig. 12.9 
er eeecnr tae tmnt ee oe ne 
*‘Bleetrolytie sage _ Voltaic as Galvanic cell 
+s es} > mode. : Cathode “Anode “Cathode 
Sign od _ = = +) 
Electron flow out in ; out in 
Half: reaction —Seigetion reduction | oxidation reduction 


Difference in electrolytic cell and galvanic cell 


Electrolytic cell Galvanic cell 
1. Electrical energy is | Chemical energy is converted into 
converted into chemical | electrical energy. 
energy. 
2. Anode is positive elec-| Anode is negative electrode. 


trode, Cathode is negative Cathode is positive electrode. 


electrode. 
3. Ions are discharged on| Ions are discharged only on the 
both the electrodes. cathode. 


4. If the electrodes are inert,| Concentration of the anodic 
concentration of the) halfcell increases while that of 


electrolyte decreases | cathodic half-cell decreases when 
when the electric current | the two electrodes are joined by a 
is circulated. wire. 


5. Both the electrodes can be are fitted in 


The electrodes 


12.12" SALT BRIDGE AND ITS SIGNIFICANCE ¢ 


Salt bridge is usually an inverted U-tube filled with concentrated 
solution of inert electrolytes. An inert electrolyte is one whose 


they react chemically with the electrolytes in the two half-cells. 
Generally salts like KCl, KNO, ,NH,NO;, etc., are used. For the 
preparation of salt bridge, gelatin or agar-agar is dissolved in a 
hot concentrated aqueous solution of an inert electrolyte and the 
solution thus formed is filled in the U-tube. On cooling the 
solution sets in the form of a gel in the U-tube. The ends of the 
U-tube are plugged with cotton wool as to minimise diffusion 
effects. This is used as a salt bridge. 

Significance of salt bridge: The following are the functions 
of the salt bridge: 

(i) It connects the solutions of two half-celis and completes 
the cell circuit. 

(ii) It prevents transference or diffusion of the solutions from-- 
one half-cell to the other. 

(iii) It keeps the solutions in two half-cells electrically 
neutral. In anodic half-cell, positive ions pass into the solution 
and there shall be accumulation of extra positive charge in the 
solution around the anode which will prevent the flow of 
electrons from anode. This does not happen because negative 
ions are provided by salt bridge. Similarly, in cathodic half-cell, 
negative ions will accumulate around cathode due to deposition 
of positive ions by reduction. To neutralise these negative ions, 
sufficient number of positive ions are provided by salt bridge. 
Thus, salt bridge maintains electrical neutrality. 

(iv) It prevents liquid-liquid junction-potential, ie., the 
potential difference which arises between two solutions when in 
contact with each other. 

A broken vertical line or two parallel vertical lines in a cell 
reaction indicates the salt bridge. 


Zn|Zn2* || Cu2* | Cu 


Salt bridge can be replaced by a porous partition which allows 
the migration of ions without allowing the solutions to intermix. 


_ions.are-neither involved in-any-electrochemical-change nor-dea—— — 
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CHEMICAL CELL (Galvanic Cell) 


The following universally accepted conventions are followed in 


representing an electrochemical cell: 

(i) The anode (negative electrode) is written on the left hand 
side and cathode (positive electrode) on the right hand side. - 

(ii) A vertical line or semicolon (;) indicates a contact 
between two phases. The anode of the cell is represented by 
writing metal first and then the metal ion present in the 
electrolytic solution. Both are separated by a vertical line or a . 
semicolon. For example, 


Zn|Zn2* or Zn;Zn2*- 


The molar concentration or activity of the solution is written 
in brackets after the ee of the ion. ou Shiaatitas 


M(s)—> M™* (ag. )+ne™ 


Fig. 12.10 (a) 


mM" (aq.) + ne™ —>M (s) 


Gii)-The ns ithe tetl-is-cepreventst by writing the — 


cation of the electrolyte first and then metal. Both are separated 
bya baer line or semicolon. For example, 
u** {Cu or Cu*;Cu or Cu* (1) Cu 

(iv) The salt bridge which separates. the two half-cells is 
indicated-by-two-parallel-vertical-lines--- 

(v) Sometimes negative and positive eee are also put on the 
electrodes. 

The Daniell cell can be represented as: 


— + 
Zn | ZnSO, (aq. )|| CuSO, (aq. )| Cu 


Anode Salt bridge Cathode © 
Oxidation half-cell Reduction half-cell 
or Zn|Zn* || Cu?* | Cu 
or Zn|Zn**(1M)|| Cu** (1. M)| Cu 


ELECTRODE POTENTIAL 


When a metal is placed in a solution of its ions, the metal acquires 
either a positive or negative charge with respect to the solution. 


On account of this, a definite potential difference is developed - 


between the metal and the solution. This potential difference is 
called electrode potential. For example, when a plate of zinc is 
placed in a solution having Zn?* ions, it becomes negatively 
charged with respect to solution and thus a potential difference is 
set-up between zinc plate and the solution. This potential - 
difference is termed the electrode potential of zinc. Similarly, 
when copper is placed in a solution having Cu ** ions, it becomes 
positively charged with respect to solution. A potential difference 
is set-up between the copper plate and the solution. The potential 
difference thus developed is termed as electrode potential of 
copper. The potential difference is established due to the 
formation of electrical double layer at the interface of metal and 
the solution. The development of negative charge (as on zinc 
plate) or positive charge (as on copper plate) can be explained in 


the following manner. When a metal rod is dipped in its salt: 


solution, two changes occur: 


a (: Bee FA (28 ( 2) eee es eee 
(a) Oxidation : Metal ions pass from the electrode into 
solution leaving an excess of electrons 
and thus a negative charge on the electrode. 
(b) Reduction : Metal ions in solution gain electrons from 


the electrode leaving a positive charge on the 
electrode. 
(i) The conversion of metal atoms into metal ions by the 
attractive force of polar water molecules. 
M —3M”™ +ne™ 


The metal ions go into the solution and the electrons remain on 
the metal making it negatively charged. The tendency of the 
metal to change into ions is known as electrolytic solution 
pressure. 


(ii) Metal ions start depositing on the metal surface leading 
to a positive charge on the metal. 


M"* +ne —»M 
This tendency of the ions is termed osmotic pressure. 


In the beginning, both these changes occur with different 

speeds but soon an equilibrium is established. 
M >= M" +ne™ 

In practice, one effect is greater than the other, if first effect is 
greater than the second, the metal acquires a negative charge with 
respect to solution and if the second is greater than the first, it 
acquires positive charge with respect to solution, thus in both the 
cases a potential difference is set-up. 

The magnitude of the electrode potential of a metal is a 
measure of its relative tendency to lose or gain electrons, i.e. ,it is 
a measure of the relative tendency to undergo oxidation (loss of 
electrons) or reduction (gain of electrons). The magnitude of 
potential depends on the following factors: 
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(i) Nature of the electrode, 
(ii) Concentration of the ions in solution, 

(iii) Temperature. 

Depending on the nature of the metal electrode to lose or gain 
electrons, the electrode potential may be of two types: 

(i) Oxidation potential: When electrode is - negatively 
charged with respect to solution, i.e., it acts as anode. Oxidation 
occurs. 

M—>M"™ +ne™ 

(ii) Reduction potential: When electrode is positively 
charged with respect to solution, ie, it acts as cathode. 
Reduction occurs. 


sealed in a glass tube as to make contact with the outer circuit 
through mercury. The platinum strip and glass tube is surrounded 
by an outer glass tube which has an inlet for hydrogen gas at the 
top and a number of holes at the base for the escape of excess of 
hydrogen gas. The platinum strip is placed in an acid solution 
which has H* ion concentration | M4. Pure hydrogen gas is 
circulated at one atmospheric pressure. A part of the gas is 
adsorbed and the rest escapes through holes. This gives an 
equilibrium between the adsorbed hydrogen | and hydrogen ions 
in the solution. 
Hy, == 2H" + 2e7 

The temperature of the cell is maintained at 25°C. By 

international agreement the standard hydrogen electrode is 
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M™ + ne —>M oe arbitrarily assigned a potential of exactly + 0.000... volt. 
It is not possible to measure the absolute value of the single 
electrode potential directly. Only the difference in potential 
_ between two electrodes can be measured experimentally. It is, 
__ therefore, necessary to couple the electrode with another _ __Ho(g) —» 
~~ electrode whose potential is known. This electrode is termed as (at + atm) - 
reference electrode. The emf of the resulting cell is measured , 
experimentally. The emf of the cell is equal to the sum of 
potentials on thetwo electrodes, © ss—s—<“—sS heed | Leen 
Emf of the cell = Ey noae + Ecathode 
= ~~ --—-= =: Qxidation potential of anode ey aaa 


+ Reduction potential of cathode 
Knowing the value of reference electrode, the value of other 
electrode can be determined. 


STANDARD ELECTRODE POTENTIAL 


In order to compare the electrode potentials of various electrodes, 
it is necessary to specify the.concentration of the ions present in 
solution in which the electrode is dipped and the temperature of 
the half-cell. The potential difference developed between metal 
electrode and the solution of its ions of unit molarity (1 MW) at 
25° C (298 K) is called standard electrode potential. 
According to the IUPAC convention, the reduction potential 
alone can be called as the electrode potential (E° ), i.e., the given 
value of electrode potential can be regarded as reduction 
potential unless it is specifically mentioned that it is oxidation 
potential. Standard reduction potential of an electrode means that 
reduction reaction is taking place at the electrode. If the reaction 
is reversed and written as oxidation reaction, the numerical value 
of electrode potential will remain same but the sign of standard 


potential will have to be reversed. Thus, 


Standard reduction potential = — Standard oxidation 
potential 

— Standard reduction 
potential 


or Standard oxidation potential = 


REFERENCE ELECTRODE 

(Standard Hydrogen Electrode, 

SHE or NHE) - 

Hydrogen electrode is the primary standard electrode. It consists 


of a small platinum strip coated with platinum black as to adsorb 
hydrogen gas. Aplatinum wire is welded to the platinum strip and 


Fig. 12.11 Hydrogen electrode. 


The hydrogen electrode thus obtained forms one of two 
half-cells of a voltaic cell. When this half-cell is connected with 
any other half-cell, a voltaic cell is constituted. The hydrogen 
electrode can act as cathode or anode with respect to other 
electrode. 


SHE half reaction Electrode potential 
H, —> 2H* + 2 0.0 V (Anode) 
2H * + 2e& —+ H, 0.0 V (Cathode) 


MEASUREMENT OF ELECTRODE 
POTENTIAL 


The measurement of electrode potential of a given electrode is 
made by constituting a voltaic cell, i.e., by connecting it with a 
standard hydrogen electrode (SHE) through a salt bridge. 1 
solution is used in hydrogen half-cell and the temperature is 
maintained at 25° C. The emf of the cell is measured either by a 
calibrated potentiometer or by a high resistance voltmeter, i.e.,a 
valve voltmeter. The reading of the voltmeter gives the electrode 
potential of the electrode in question with respect to the hydrogen 
electrode. The standard electrode potential of a metal may be. 


. determined as it is the potential difference in volt developed in a 


cell consisting of two electrodes: the pure metal isin contact with 
a molar solution of one of its ions and the standard hydrogen 
electrode. 


796 — | 


Valve voltmeter —» 


ent ee oe 


2-2 . has a negative electrode 
potential 


Electron flow if metal M 
has a positive electrode 


potential — 
cits =+— Hydrogen 
etal 
Molar M"* Molar H* 


Electron flow if metal M ~ 
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Zn —>Zn** +2e, 


Ex node iS the standard oxidation potential of zinc. This potential is 
given the positive sign. 
E.. (Zn/Zn7*) = + 0.76 volt 
So, standard reduction potential of Zn, i.e, £°(Zn ae Zn) 


=—-E.. =~(+0.76) shar hs 


-¢yectron flo, > 
=~ 0.76 volt 
The emf of such a cell 
gives the positive value of ~ : 
standard oxidation potential Anode Cathode 
of metal M4. The standard 
reduction potential (£° ) is 


obtained by reversing the 


MM" - ye 
sign of standard oxidation 
(i) Determination of standard electrode potential of _-potential. o_ 7 
Zn/Zn** electrode: A zinc rod is dipped in 1 M zinc sulphate Fig. 12:14 


solution. This half-cell is combined with a standard hydrogen 
electrode through a salt bridge. Both the electrodes are connected 
with a voltmeter as shown in Fig. 12.13. The deflection of the 
voltmeter indicates that current is flowing from hydrogen 


electrode-to metal electrode or the-electrons-are-moving from zinc~ 


rod to hydrogen electrode. The zinc electrode acts as an anode 
and the hydrogen electrode as cathode and the cell can be 
represented as 
Zn | Zn7*(aq.) |) 2H *(aq.)| H2(g) 
Anode (-) Cathode (+) 


Zn —> Zn** + 2e7 
(Oxidation) 


;2H* +2e7 —>H, 7 
(Reduction) 


Voltmeter 


2n rod . 


Cathode 
(Anode) a 


Salt bridge 


<—H 


(at 1 atm) 


1M HCl 


1M ZnSO, 
Fig. 12.13 Zn—-H, electrochemical cell 
The emf ofthe cell is 0.76 volt 
~ Eoun = Eanode + ECuthode 
0.76 = Exnode + 0 OF Eqnode = +0.76V 
As the reaction on the anode is oxidation, i.e. , 


(ii) Determination of standard electrode potential of 
Cu* /Cu, electrode: A copper rod is dipped in 1 M solution 
of CuSO,. It is combined with hydrogen electrode through a salt 
bridge. Both the electrodes are joined through a voltmeter. The 


deflection of the volimeter indicates that current is flowing from” 


copper electrode towards hydrogen electrode, i.¢., the electrons 
are moving from hydrogen electrode to copper electrode. The 
hydrogen electrode acts as an anode and-the copper electrode as-a-- 
cathode. The cell can be represented as 


H,(g) | 2H *(aq.) |] Cu** (ag.) | Cu 


Anode (—) Cathode (+) 
H, —> 2H* +2e ;Cu* +2e” —>Cu 
Oxidation Reduction 


The emf of the cell is 0.34 volt. 
E Cel - E xnode + Eouhote 
0.34 = 0+ Evuthode 

Since, the reaction on the cathode is reduction, 7. é. 3 
Cu** + 2e7 —> Cu, Eeanode is the standard reduction potential 
of copper. This is given the + ve sign. 
E° ,i.e., standard reduction potential of Cu /Cu = 0.34 volt - 
So, E;, (standard oxidation potential of copper) = — 0.34 volt 

The emf of such a cell gives positive value of reduction 
potential of metal electrode. The standard oxidation potential of 


this electrode is obtained by severe the sign of standard 
reduction potential. 


ae 
-Gyectron flo, ~ 
Anode Cathode 
Ha 2H*+2e = M"+ne —-M 


Fig. 12.15 
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It is thus concluded that at the metal electrode which acts as 
anode with respect to hydrogen electrode (cathode), the reduction 
potential is given the minus sign and at the metal electrode which 
acts as cathode with respect to hydrogen electrode (anode), the 
reduction potential is given the positive sign. 

The standard electrode potentials (oxidation or reduction) of 
various elements can be measured by combining the electrode in 
question with a standard hydrogen electrode and measuring the 
emf of the cell constituted. 


42.18’ EMF OF A GALVANIC CELL 


Every galvanic or voltaic cell is made up of two half-cells, thé 
oxidation half-cell (anode) and the reduction half-cell (cathode). 
The potentials of these half-cells are always different. On account 
of this difference in electrode potentials, the electric current 


Fame 


1. 


2. 


between two electrodes when no 
current is flowing in the circuit. 


It is the maximum voltage that 
the cell can deliver. 


. It is responsible for the steady 


flow of current in the cell. 


Potential difference 


It is the potential difference 


It is the difference of the 
electrodé potentials of the two 
electrodes when the cell is under 
operation. 

It.is always less than the 
maximum value of voltage 
which the cell can deliver. 

It is not responsible for the 
steady flow of current in the 
cell. 


12.19 REVERSIBLE AND IRREVERSIBLE 
CELLS 


Daniell cell has the emf value 1.09 volt. If an opposing emf 


moves from the electrode at higher potential to the electrode at~ 


exactly equal to 1.09 volt is applied to the cell, the cell reaction, 


lower potential, ie, from cathode to anode. The direction of the 
flow of electrons is from anode to cathode. 


Flow of electrons 


Anode (___? Cathode 


Flow of current 
The difference in potentials of the two half-cells is known as. 
the electromotive force (emf) of the cell or cell potential. 
The emf of the cell or cell potential can be calculated from the 
values of electrode potentials of the two half-cells constituting _ 
the cell. The following three methods are in use: 


(i) When oxidation potential of anode and reduction potential 
of cathode are taken into account: 


E.., = Oxidation potential of anode 
+ Reduction potential of cathode 
= E°. (anode) + E..4 (cathode) 


(ii) When reduction potentials of both electrodes are taken 
into ee 


E., = Standard Reduction potential of cathode 
~ Standard Reduction potential of anode 
a E asin 


~ Ej, left 


t) 
=£ Cathode 


Eight 


(iii) When oxidation potentials of both electrodes are taken 
into account: 


E., = Oxidation potential of anode 
_ — Oxidation potential of cathode 
=E°. (anode) — E., (cathode) 


Difference between emf and potential difference: _The 
potential difference is the difference between the electrode 
potentials of the two electrodes of the cell under any condition 
while emf is the potential generated by a cell when there is zero 
electron flow, i.e., it draws no current. The points oF difference 
are given ahead: 


Zn + Cu2* —»Cu + Zn 


stops but if it is increased infinitesimally beyond 1.09 volt, the 
cell reaction is reversed. 


Cu + Zn7* > Zn + Cu** 


Such a cell is termed a reversible cell: ‘Thus, the following are éthe 


two main conditions of reversibility: 

(i) The chemical reaction of the cell stops when an exactly 
equal opposing emf is applied. 

(ii) The chemical reaction of the cell is reversed and the 
current flows in opposite direction when the opposing emf is 
slightly greater than that of the cell. 

Any other cell which does not obey the above two conditions 
is termed as irreversible. A cell consisting of zinc and copper 
electrodes dipped into the solution of sulphuric acid is 
irreversible. Similarly, the cell 


Zn | H,SO,(aq.) | Ag 


is also irreversible because when the external emf is greater. than 
the emf of the cell, the cell reaction, 


Zn + 2H* —»Zn** +H, 
is not reversed but the cell reaction becomes 
2Ag + 2H * —+>2Ag* +H, 


12:20 SOME OTHER REFERENCE 
ELECTRODES 


Sincé, a standard hydrogen electrode is difficult to prepare and 
maintain, it is usually replaced by other reference electrodes, 
which are known as secondary reference electrodes. These are 
convenient to handle and are prepared easily. Two AIpOTAN 
secondary reference electrodes are described here. 

(i) Calomel electrode: It consists of mercury at the bottom 
over which a paste of mercury-mercurous chloride is placed. A 
solution of potassium chloride is then placed over the paste. A 
platinum wire sealed in a glass tube helps in making the electrical 
contact. The electrode is connected with the help of the side tube 
on the left through a salt bridge with the other electrode to make a 
complet cell. 
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Pt wire 


To sait 
Saturated 
KCI solution | 


HgpClo and 
Hg paste 


Fig. 12. 16 Calomel electrode 
The potential of the calomel electrode depends upon the 


where, n is the number of electrons involved, F is the value of 
Faraday and E° is the cell emf. AG can be negative if E° is 
positive. 

When E° is positive, the cell reaction is spontaneous and 
serves as a source of electrical energy. 

To predict whether a particular redox reaction will occur or 
not, write down the redox reaction into two half reactions, one 
involving oxidation reaction and the other involving reduction 
reaction. Write the oxidation potential value for oxidation 
reaction and reduction potential value for feduction reaction. Add 
these two values, if the algebraic summation gives a positive 
value, the reaction will occur, otherwise not. 

[Note : The true conditions for operating voltaic cells are : 

AG <0, E>0O] 


concétitration of the potassium chloride solution. If potassium 


chloride solution is saturated, the electrode is known 4s saturated 
calomel electrode (SCE) and if the potassium chloride solution is 
1 N, the electrode is known.as normal calomel electrode (NCE) 
while for 0:1 N potassium chloride solution, the electrode is 
referred to as decinormal calomel electrode (DNCE): The 


_- electrode reaction when the electrode acts as cathode is:_ 


5He2Ch +e == He + Cl 


The reduction potentials of the calomel electrodes on 
hydrogen scale at 298 K are as follows: 


Saturated KCl ' 0.2415 V 
1.0NKCL 0.2800 V 
0.1NKCl 0.3338 V 


The electrode potential of any other electrode on hydrogen - 


scale can be measured when it is combined with calomel 
electrode. The emf of such a cell is measured. From the value of 
electrode potential of calomel electrode, the electrode potential of 
the other electrode can be evaluated. : 

(ii) Silver-silver chloride electrode: This is another widely 
used reference electrode. It is reversible and stable and can be 
combined with cells containing chlorides without inserting liquid 
junctions. 

Silver chloride is deposited electrolytically on a silver or 
platinum wire and it is then immersed in a solution containing 
chloride ions, Its standard electrode potential with respect to the 
standard hydrogen electrode is 0.2224 V at 298K. The electrode 
is represented as: 

Ag| AgCl| oa 
The electrode reaction is: 
AgCl + e~ —>Ag+Cl- 


{237° PREDICTION FOR OCCURRENCE OF 


A REDOX REACTION 


Any redox reaction would occur spontaneously if the free energy 
change (AG) is negative. The free energy is related to cell emf in 
the following manner: 


AG? =-nFE° 


_NERNST EQUATION | 


The electrode potential and the emf of the cell depend upon the 
nature of the electrode, .temperature and the activities 
(concentrations) of the ions in solution. The variation of 


~electrode~ and cell potentials “with “concentration of “ions if 


solution can be obtained from thermodynamic considerations. 
For a.general reaction such as 


mA+mBt+ SX t+mY to A @D 


occurring in the cell, the Gibbs free energy change i is given nby the 
equation 


ay Xap... 7 
AG = AG° + 2.303RT log jg —————_ ... (ii) 
oF. : a’ xa” 


where, ‘a@ represents the activities of reactants and products 
under a given set of coriditions and AG° refers to free energy 
change for the reaction when the various reactants and products 
are present at standard conditions. The free energy change of a 
cell reaction is related to the electrical work that can be obtained. 
from the cell, ie, AG=~nFE,,, and AG°=—nFE°. On 
substituting these values ‘in eq. (ii), v we get 

Ry nD 


RFE guy =~ nFE uy, + 2.303RT log g <4... (i 
cell ~ celk ” B10 vans (iii) 
a eas. 


po _ 2.303RT a"! Xa™ ... 
cell = = Feu ~ nF log 19 a xa mm - (iv) 


or E 


This equation is known as Nernst egiaton. 
Putting the values of R= 8.314JK™ mol”, T = 298K and 
F = 96500C, eq. (iv) reduces to 


at xam... 
E-E° 0.0591 ue ll Ms .. (Vv) 
a, x ay? 
= f° — 0.0591 of 0 [Products] ee) 
n {Reactants] — - 


ELECTROCHEMISTRY 


Potential of single electrode (Anode): 
general oxidation reaction, 


M— >M" +ne 


Consider the 


Applying Nernst.equation, 


jy oe 0.0591 


MA 
x O08 10 
n 


[M ] 
where, £,, is the oxidation potential of the electrode (anode), 


E,, is the standard oxidation potential of the electrode. 
[Note: The concentration of pure solids and liquids are taken as unity.] 


B= E?, ~ 25% toe EM] 


ox Ox 


Let us consider a Daniell cell to explain the above equations. 
The concentrations of the electrolytes are not 1 M. 


Zn(s)+ Cu* (ag. )=== Zn (ag.)+ Cu(s) 


799 
ree = ie _ — log io [Cu*] 
0.0591 
Ered = Exeg + Jag jo [Ag* i 
. o 0,059] [Cu?*] 
Eeen = Boy + Ered =F*, + Eosg ~ 2 lo 10 [At 7? 
o 0.0591 [Cu*] 
= Boy ~ 3 log io +72 
[Ag”] 
21228398 Some Soivep Exampces\ $$82::: 


xample 31. Construct the cells in which the following 
reactions are taking place. Which of the electrodes shall act as 
anode (negative electrode) and which one as cathode (positive 
electrode)? 


(a) Zn + CuSO, = ZnSO,+Cu——s—=—CSsSSSS — 


Zn(s) | Zn** (ag) || Cu?* (ag.)| Cu 


Potential at zinc electrode (Anode) 
o 0.0591 


Potential a at copper electrode (Cathode) _ 


0.0591 
Ered = Ered tS log jo [Cu a ] 


Emf of the cell 
Econ = Ey + E ved 


; 0.0591 wat 
= (EQ, + Eng )- ce | | 
n Cc 


= p°,, — 9:9591 tog Zant 
n 10 Cu2t ' 


The value of n = 2 for both zine and copper. | 
Let us consider an example, in which the values of n for the 
two ions in the two half-cells are not same. For example, in the 
cell 


Cu|Cu”* |] Ag* [Ag 
_ The cell reaction is: 
Cu(s) + 2Ag* ——> Cu** + 2Ag 
The two half-cell reactions are: 
Cu —> Cu* + 2e7 
Ag* +e —> Ag 


The second equation is multiplied by 2 to balance the number 
of electrons. 


2Agt + 2e —>2Ag 


"Note: : Oxidation potential isk. ae while reduction potential ji 8 b epresenied 2 as S Ene 


(b) Cu+ 2AgNO; = Cu(NO, ), + 2Ag 

(c) Zn + H,SO, = ZnSO, + Hy 

(d) Fe+SnCl,=FeCl,+ Sn 

Solution: It should always be kept in mind that the metal 


element which comes into the free state undergoes reduction and 
acts as positive electrode (cathode): 

(a) In this case Zn is oxidised to Zn ae 
(negative electrode) while Cu”* is reduced to copper and thus 
acts as cathode (positive electrode). The cell can be represented 
as 

Zn | ZnSO, || CuSO, | Cu 
or ZntZn** Cu* 1Cu 
Anode (—) Cathode (+) 
(b) In this case Cu is oxidised to Cu?* and Ag" is reduced to 


Ag. The cell can be represented as 
Cul Cu(NO;), |! AgNO, | Ag 


or —  CulCu?* Ag*tAg | 
Anode (-) Cathode (+) 


(c) In this case, Zn is oxidised to Zn” 24 and H* is reduced to 
H,. The cell can be represented as: 
Zn | | ZnSO, I|H,SO, | H, (Pt) 
or Zn i Zn™* || 2H* 1H, (Pt) 
: Anode (—) . Cathode’ (+) 


(d) Here, Fe is oxidised to Fe?* and Sn2* is reduced to Sn. 
The cell can be represented as: 


Fe| FeCl, I] SnCi, | Sn 


or Fel Fe7* [| Sn2* | Sn 
Anode (-) 


Cathode (+) 


The value of Sa pha (oxidation potential of Zn)is + 0.76 


volt and the value of Ee Dice (reduction potential of copper).is + 0.34 volt. The electrode having lower value of seduction potential acts as an anode 


while that having higher value of reduction potential acts as cathode. 


and thus acts as anode 


_which goes into solution in the form ofits ions undergoes 
oxidation and thus acts as negative electrode (anode) and the . 
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Example 32. Consider the reaction, 
2Ag* +Cd —>2Ag+Cd** 


The standard electrode potentials . for Ag* —~» Ag and — 


Cd** —+Cd couples are 0.80 volt and — 0.40 volt respectively. 


(i) What is the standard potential E° for this reaction? 
(iid) For the electrochemical cell, in which this reaction takes 
place which electrode is negative electrode? 
Solution: (i) The half reactions are: 
2Ag*+ 2e ——+>2Ag, 


(a) Zn| Zn™* \| Br, Bry | Pt (b) Cr|Cr?* || 7,1, | Pt 
(c) Pt\|Hy,H* || Cu?* |Cu (d) Cd|Cd?* || CI~ , AgCl| Ag 


Solution: : 
(a) Oxidation half reaction, Zn —>Zn7* +2e7 


Reduction half reaction, Br, + 2e7 ——> 2Br™ 


Net cell reaction Zn + Br, —— Zn7* + 2Br~ 


Positive terminal—Cathode Pt 
(b) Oxidation half reaction, [Cr —> Cr** +3e7]x2 


easy Reduction half reaction, [I, + 2e~ ——> 21° ]x3 
ie ‘Ag = 0.80 volt (Reduction potential) Net cell reaction 2Cr +31, —— 2Cr** + 617 
of ae ee : Positive terminal-—Cathode Pt 
Oxidation —(©)-Oxidation haf seaction, Hy — + + 26 
Ee icq 770-40 volt. (Reduction potential) Reduction half reaction,Cu** + 2e7 —> Cu 
se Fewc ae 40Wor Net cell reaction H, + Cu** —>Cu+2H* 
a oe See a ee: Positive terminal—Cathode Cu... a er 
E° = Bossogte t+ Exes ing = 0: 40+ 0.80= 1.20 volt (d) Oxidation half reaction, © Cd —>Cd?* +207 


Gi) The negative electrode is always the electrode whose 
reduction potential has smaller value or the electrode where 
oxidation occurs. Thus, Cd electrode is the negative electrode. 


-.. Example 33. Consider the cell, 
Zn|\ Zn™* (ag. )(1.0M)|| Cu* (aq. )(1.0M)| Cu 
The standard electrode potentials are: 
Cu®* +2” —>Cu(agq.); E° = 0.350 volt 
2+ 4 2e- —» Zn(aq.); E° =~ 0.763 volt 
() Write down the cell reaction. - 


(ii) Calculate the emf of the cell. 


_ Solution: (i) Reduction potential of Zn is less than copper, 
hence Zn acts as anode and copper as cathode. 


At anode Zn —> Zn” +2e7 (Oxidation) 
Atcathode Cu** +2e7° —-¥Cu (Reduction) 
Cellreaction Zn +Cu?* —+Zn** +Cu 
Gi) Foy = | ae * E. a2 Cu 
= Oxi. potential of zinc + Red. potential of copper 
E = — 0.763 (Reduction potential) 


Zn?*/ Zn 
EO gnt* = + 0-763 (Oxidation potential) 
and Eo, cy = 0350 (Reduction potential) 


So, Eo, = 0.763 + 0.350= 1.113 volt 


_ Example 34. Write the electrode reactions and the net cell 
reactions for the following cells. Which electrode would be the 
positive terminal in each cell? 


Reduction half reaction, _ 
[AgCl +e —>Ag+Cl]x2 


Net cell reaction Cd + 2AgCl —> Cd?* + 2Ag + 2CI- 


Positive terminal—Cathode Ag 


~ Example 35. Will Fe be oxidised to Fe** by reaction with 
1.0 M HCI? E° for Fel Fe™* = + 0.44 volt. 


Solution: The reaction will occur if Fe is exdiaed to Fe?* 
Fe + 2HC] —>FeCl,-+ H, - 


Writing two half reactions, 
Fe —> Fe”* +2¢7 Oxidation; Be os = 0.44 volt 
2H* +2e —>H, Reduction; ee = 0.0-volt 


Adding, emf = 0.44 volt 
Since, emf is positive, the reaction shall occur. 


Example 36. The values of E ° of some of the reactions are 
given below: : 


I, +2e7 —32-; E°=+ 0.54 volt 
Cl, +2e7 —>2Cl"; E° =+1,36 volt 
Fe** +e" —+ Fe”; E°=+0.76 volt . 
Ce ee" —5Ce™: E°=+1.60 volt 

Sn** + 2¢7 —> Sn**; _ E°=+0,15 volt 


On the basis of the above data, answer the following 
questions: 
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(a) Whether Fe** oxidises Ce** or not? 

(6) Whether I, displaces chlorine from KCI? 

(c) Whether the reaction between FeCl, and SnCl, occurs or 
not? 


Solution: (a) Chemical reaction, 


Fe>* + Ce?* —» Ce** + Fe?* 
Two half reactions, 


Fe>* + ¢—>Fe** Reduction; E°= 0.76 volt 


Putting the value of E>, = 0.763 V, n= 2 and [Zn** ]= 0.01 
M, 
E., =0.763- oe 


log jo [0.01] 


= 0.763 — 0.02955 x (-2) 
= (0,763 + 0.0591) volt = 0.8221 volt 


“Example 39. The standard oxidation potential of zinc is 
0. 76 volt and of silver is — 0.80 volt. Calculate the emf of the cell: 


3 4 A WN nn S20 4 , Zn | Zn(NO;j ) eNO | Ag 
Ce** —+Ce** +e7; Oxidation; E,, =—1.60 volt bpeee: Cease 3. 
Adding; emf = — 0.84 volt Solution: The cell reaction is 
Since, emf is negative, the reaction does not occur, i.e., Fe** Zn + 2Ag* —>2Ag+Zn od 
does not oxidise Ce** E-. of Zn = 0.76 volt 
Ox 
(b) Chemical reaction, ° 
Eq of Ag=6.80-velt 
I, Sc ° © ° ) 
. Ey = Ey, Of Zn + E,.g Of Ag = 0.76 + 0.80 = 1.56 volt 
Half reactions, 
o 0.0591, _ [Products] 
I, +2e —>2I; Reduction; E° = 0.54 volt We know that, E.. = Eoey — ——— RE 
[Reactants] 
2Cl —>Cl,+2e7; Oxidation; E>, = —1.36 volt = 0.0591 i 0.25 
tonaseh yeh OO Even Cee waar te: 
Adding; emf = — 0.82 vol : oie 
See Ca = 1,56- 2-957! 1 3979 
Since, emf is negative, the reaction does not occur, i.e.,I1, does , 2 : 


not displace Cl, from KCl. 
(c) Chemical reaction, 
SnCL, + 2FeCl,; —— SnCl, + 2FeCl, 
Half reactions, 


Fe** +e” ——>Fe** Reduction; E° = 0.76 volt 


Sn** —+4Sn* +2e°; Oxidation; E°=- 0.15 volt © 


- Adding; emf = + 0. 61 volt 
‘Since, sant is positive, the reaction will occur. 


‘ample 37. Calculate the electrode potential at a copper 
electrode dipped in a 0.1 M solution of copper sulphate at 25°C. 
The standard electrode potential of Cu”* | Cu system is 0.34 volt 
/ at 298 K. 


Solution: 0.059! 


We know that, E44 =Evea + log jo [ion] 
Putting the values of E,.4 = 0.34 V,n = 2and[Cu** ]=01M 
0. = 

log jo [0.1] 


= 0.34 + 0.02955 x (-1) 
= 0.34 — 0.02955 = 0.31045 volt 


Eveq = 0.34 + 


SECIS Ee 


aple 38. What is the single electrode potential of a 
ha lf- cell for zinc electrode dipping in 0.01 M ZnSO, solution at 
25°C? The standard electrode potential of Zn/ Zn** system is 


0.763 volt at 25°C. 


o 0.0591 


Solution: We know that, F,, =£,, - 


log jo [ion] 


= (1.56 — 0.0413) volt 
= 1.5187 volt 
Alternative method: First of all, the single electrode 


potentials of both the electrodes are determined on the basis of 
given concentrations. 


o 0.0591 

E.x (Zinc) = Bey = i log 0.25 
= 0.76 + 0.0177 = 0.7777 volt | 
0.0591 


Eved (Silver) = Eved + log 0.1 


= 0.80 — 0:0591 = 0.7409 volt 
EF cen = E ox (zinc) + Ered (Silver) 
= 0.7777 + 0.7409 = 1.5126 volt 
xample 40. ike emf(E° ) of the following cells are: 
Ag | Ag* (1M) ||Cu?* (IM) |C:z £° =— 0.46 volt 
Zn |Zn?* (1M)||Cu?* (1M) |Cu; E°=+1.10 volt” 
Calculate th emf of the cell: - 
-Zn|Zn™ (1M)|| 4g* (1M) | Ag 
Zn | Zn2*(1M)ilAg*(1.M)1Ag 
Eee = ES (Zn/Zn?* ) +E (Ag* /Ag) 


With the help of the following two cells, the above equation 
can be obtained: 


Ag|Ag*(1M)II Cu*(1M)1Cu; E° = — 0.46 volt 
or Cul Cu2*(1M)||Ag* (1M)|Ag; E° will be + 0.46 volt 


Solution: 


¥ 
‘ hirer 
Hy 

rn 
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or +0.46=E (Calcu?*) ae (Ag* /Ag) ... (i) 
Zn | Zn** (1M) ||Cu™ |Cu; E°=+1.10volt 
+1.10= -E, (Zn/Zn7* ) +E (Cu2*/Cu) ~~ (ii). 
Adding eqs. (i) and (ii), © 
+1.56= E. x (CulCu2 ) Eat kg oo (zn ttn? ) + Eco (Cu?* /Cu) 


since, E., (Cu/Cu2* ) ~ 
So, +156=E Guitars 
Thus, the emf of the following cell is 


~ Es (Cu2+ /Cu) 
red (Ag* /Ag) 


Evy = (0.42 + 0.064) = 0.484 volt 


° ° oO 
Ecen-= Ecathode ~ E anode 


or En ssie =E Cais -E Cell 
= (0.80- 484)- = 0.32 volt 


19. The oxidation potential of hydrogen electrode at pH = 10 and 


Zn | Zn?* (1 M) || Ag* (1 M) 1 Ag is +1.56 volt pH, = latm is: 
| es 0.51 V b) 0.00 V +0.59V_ (d) 0.059 V 
*..-Example 41. Calculate the emf of the cell. ee ()] (b) (©) @) 
Mg(s)|Mg”* (02M)|| Ag* (1x 10™ )| Ag 2 0.0591 [H*] 
(Hint: £,, =£,, - log —— 7 
e n 
E et dg =+0.8volt, E° elite — 2.37 volt Pity 
. 2+: . = ee a 19 
What will be the effect on emf if concentration of Mg** ion is == log = 0.59 V] 


decreased to 0.1 M? 
Solution: Even = Ecathode — Eanode 

, = 0.80— (—2.37) = 3.17 volt 

Cell reaction, » Mg} + ‘2Ag* —> 2Ag +Mg?* 


o 0.0591, Mg”* 
a oe a re 
=317- oe ee . 
25 eTix1o? 
= 3.17—0.1566 = 3.0134 volt 
when Mg” =0.1M 
Ect = Fee a = 


BA — 
2 (x10?) 
= (3.17 - 0.1477) volt 
= 3.0223 volt . 
Example 42. To. find the standard potential of M ** /M 
electrode, the following cell is constituted: 
Pt |M |M** (0.0018 mol “'L) || Ag* (0.01 mol “1L)| Ag 


The emf of this cell is found to be 0.42 volt. Calculate the 
standard potential of the half reaction M** +3e.—>°M. 


E agt tag = 0.80 volt. 


The cell reaction is 
M +3Agt —>3Ag+M** 


Solution: 


Applying Nernst equation, 


o ©=—-0.0591, - [M7*] 
fed =E ai -— — ee 
3 [Ag™ ] 

0.42= Fea — ey a ae 0.064 
3 (0.01) 


20. The value of eee constant for a feasible cell reaction 
is: 
(ay<1 
[Ans. (c)] 


(b) =1 (c)>1 (d) zero 


[Hint K= antiog (= ack ) 
0.0591 


For feasible cell, E° is positive; hence from the above eaupnion 

K > 1 for feasible cell reaction.] 

21. E° for the glectrochemical cell 
Zn(s)|Zn?* 1 M (aq.) || Cu2* 1M (aq.) 1 Cu(s) 
is 1.10 V at 25°C. The equilibrium constant for the cell 


reaction, 
Zn(s) + Cu?* (ag.) = Zn”* (aq.) + Cu(s) 
will be: 
(a) 10°” (b) 10°” 
(c) 10°? (d) 10°° 
[Ans. (b)] 
; nE° 
{Hint: XK =antilog E | 
. 0.0591 
"= antilog ? a | = 1.67x 10°7] 
0.0591 | 


22. The value of the reaction quotient Q, for the cell 
Zn(s)| Zn?* (0.01 M) || Ag* (1.25 M)| Ag(s) 


is: 


(a) 156 (b) 125 

(c) 1.25 x 107 (d) 6.4 x 107 

[Ans. (d)] . 
[Hint: Zn(s) —> Zn?* + 2€ (Anodic process). 


2Ag* + 2e& ——> 2Ag(s) (Cathodic process) 


Zn(s) + 2ZAg* == 2Ag(s) + Zn?* 


[Zn* }_ 0.0! 
[Ag*]? (1.25) 


O= =64x107] 
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23. Calculate the emf of the following concentration cell at 25°C: 
Ag(s) | AgNO, (0.01 M) Il AgNO, (0:05 M)1 Ag(s) 


(a)—0.414V (b) 0.828 V 
‘(c) 0.414 V (d) 0.0414 V 
[Ans. (d)] a 
[Hint: £=k°- RE! logig 
(: E° = 0 for all concentration cells) 
=9- 20" 10g (555) 0.0414 V] 
0.0 


24. The equilibrium constant of the reaction: 
, Cu(s) + 2Ag* (ag.) == Cu* (ag.) + 2Ag(s) 


12:23° ELECTROCHEMICAL SERIES | 


By measuring the potentials of various electrodes versus standard 
hydrogen electrode (SHE), a series of standard electrode 
potentials has been established. When the electrodes (metals and 
non-metals) in contact with their ions are arranged on the basis of 


the values of their standard reduction Potentials or standard - 


oxidation potentials, the resulting Series is called the 
electrochemical or Ser roma tive or activity series of the 
elements. 

By international convention, the standard potentials of 
electrodes are tabulated for reduction half reactions, indicating 
the tendencies of the electrodes to behave as cathodes towards 
SHE. Those with positive E ° values for reduction half reactions 
do in fact act as cathodes versus SHE, while those with negative 
E° values of reduction half reactions behave instead as anodes 
versus SHE. The electrochemical series is shown in the given 
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E° = 0.46 V at 298 K is: [CBSE (Med. 2007} 
(a) 2.0x 10! (b) 4.0 x 10° 
(6) 4.0x 108 . (d) 2.4 x 10° 
Ans. - (c)] : 


“nE° ; | 2x 0.46 
= antilog 
0.059 0.059 
= antilog 15.593. 
=3.9x 105 
= 4x 10°F 
25. The cell reaction of a cell is: 
__ Mg(s)+ Cu?* (ag.) ==* Cu(s) + Mg* (aq. 
If the standard reduction potentials of Mg and Cu are - 2.37 
and + 0.34 V respectively. The emf of the cell is: 


[JEE (WB) 2007} 
(2) 2.03 V (b) - 2.03 V @+2nV (d)~2.71V 


[Ans. (c)] 


(Hint: K = antilog 


(Hint: Eo. = Ecanode ~ Eanode 
= Epedaced species Bosna spectes 
= 0.34 -C¢ 2.37)=4+2.71V] 
26. The equilibrium constant of the following redox reaction at 
298 Kisix 108 * 
2Fe** (ag. )+ 20 (aq.) == 2Fe”* (ag.) + 1,(s) 
If the standard reduction potential of iodine becoming iodide 
is + 0.54 V. What is the standard reduction potential of 
Fe** / Fe?*? 


(a) + 1.006 V (b) - 1.006 V 
(c)+ 0.77 V (d)- 0.77 V 
(c)- 0.652 V 
[Ans. (c)] 
* [ Hint: Ev = a ee logig K 
_ 9.059 


logo 10° = 0.236 
oS oO 

Feet = Ereduced species ~ oxidised species 
oO 

0.236 = Eo Fett - 0.54 


o 
Ee ae jpg = 0.77V] 


[PMT (Kerala) 2008] , 


ode-Potentiats-at 25° 
‘The Electrochemical Series’ 


Element. oe pout Pee car iearmare 
“STL te = yo S05 

K K*+e@=K — 2.925 
Ca | Ca?* + 26 =Ca — 2.87 
Na Nat +¢@=Na ~274 
Mg | Mg?* + 26 = Mg Pa ey 
Al 2 a | AIM 4+3¢=Al ng — 1.66 
Zn 5 m | Zn** + 2¢ =Zn & & ~ 0.7628 
GSB | a¥ 43e5c Bs -0.74 
Fe 83 | Rets2e=Fe 38 — 0.44 
Cd 9g | Cd +2e=C4 ge = 0.403 
Ni BE | NM 426 = Ni BE — 0,25 
Sn BE | Sn*+2e=Sn 88 ~ 0.14 
H, Be QH* +26 = 22 - 0.00 
cu g B | Cu’ +2e=Cu 8 S + 0.337 
L 5 ht+2%¢=0 8 + 0.535 
Ag Ag’ +¢ =Ag + 0.799 
Hg | Hg** + 2e = Hg + 0.885 
Br, Br, + 2¢° = 2Br™ + 1.08 
Cl, Cl, + 26° =2CI° + 1.36 

AU Au* +3e =Au + 1.50 
BE B,+2¢=2F + 2.87 


Characteristics of Electrochemical Series 


(i) The negative sign of standard reduction potential indicates 
that an electrode when joined with SHE acts as anode and 
oxidation occurs on this electrode. For example, standard 
reduction potential of zinc is — 0.76 volt. When zinc electrode is 
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joined with SHE, it acts as anode (-ve electrode), i. e., oxidation 
occurs on this electrode. Similarly, the +ve sign of standard 
reduction potential indicates that the electrode when joined with 
SHE acts as cathode and reduction occurs on this electrode. 


(ii) The substances which are stronger reducing agents than 
hydrogen are placed above hydrogen in the series and have 
negative values of standard reduction potentials. All those 
substances which have positive values of reduction potentials and 
placed below hydrogen in the series are weaker reducing agents 
than hydrogen. 


(iii) The substances which are geass oxidising agents than 
H* ion are placed below hydrogen in the series. 


(iv) The metals on the top (having high negative values of 
standard reduction potentials) have.the tendency to lose electrons 
readily. These are active metals? The activity of metals decreases 
from top to bottom. The non-metals on the bottom (having high 


__.._positive_values_of_standard—reduction—potentials)}—have—the — 
tendency to accept electrons readily. These. are active non-metals— 


The activity of non-metals increases from top to bottom. 


Applications of Electrochemical Series 


(i) Reactivity of metals: The activity of the metal depends 
on its tendency to lose electron or electrons, i. @. tendency to form 


“gation (""). This tendency depends on the magnitude of 
standard reduction potential. The metal which has high negative 
value (or smaller positive value) of standard reduction potential 
readily loses the electron or electrons and is converted into 
cation. Such a metal is said to be chemically active. 

The chemical reactivity of metals decreases from top to 


bottom jm the series. The metal higher in the series is more active ° 


than the metal lower in the series. Forsexample, 

(a) Alkali metals and alkaline earth metals having high 
negative values of standard reduction potentials are chemically 
active. These react with cold water and evolve hydrogen. These 
readily dissolve in acids forming corresponding salts. and 
combine with those substances which accept electrons. 

(b) Metals like Fe, Pb, Sn, Ni, Co, etc., which lie a little down 
in the series do not react with cold water but react with steam to 
evolve hydrogen. 

(c) Metals like Cu, Ag and Au which lie below hydrogen are 
less reactive and do not evolve hydrogen from water. 

(ii) Electropositive character of metals: The 
electropositive character also depends on the tendency to lose 
electron or electrons. Like reactivity, the electropositive character 
of metals decreases from top to bottom in the electrochemical 
series. On the basis of standard reduction potential values, metals 
are divided into three groups: 

(a) Strongly electropositive metals: Metals having 
standard reduction potential near about —2.0 volt or more 
negative like alkali metals, alkaline earth metals are strongly 
electropositive in nature. 

(b) Moderately electropositive metals: Metals having 
values of reduction potentials between 0.0 and about —2.0 volt are 
moderately is aaa Al, Zn, Fe, Ni, Co, etc., belong to this 
group. 
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(c) Weakly electrepositive metals: The metals which are 
below hydrogen and possess positive values of reduction 
potentials are weakly electropositive metals. Cu, Hg, Ag, etc., 
belong to this group. 

(iii) Displacement reactions: 

(a) To predict whether a given metal will displace another, 
from its salt solution: A metal higher in the series will displace 
the metal from its solution which is lower in the series, i.e., the 
metal having low standard reduction potential will displace 
the metal from its salt’s solution which has higher value of 
standard reduction potential. A metal higher in the series has 
greater tendency to provide electrons to the cations of the metal 
to be precipitated. 

(b) Displacement of one non-metal from its salt solution 
by another non-metal: A non-metal higher in the series 
(towards bottom side), ie., having high value of reduction 


potential, ie., occupying position above in the series. The 


noii-metals Which possess high positive reduction potentials have 
the tendency to accept electrons readily.. These electrons are 
provided by the ions of the non-metal having low value of 
reduction potential. Thus, Cl, can displace bromine and iodine 
from bromides and iodides. 


TS 4e (Oxidation) 
Ch 4% — ocr (Reduction) 


[The activity or electronegative character or oxidising nature 
of the non-metal increases as the value of reduction potential 
increases.] 

(c) Displacement of hydrogen from dilute acids by 
metals: The metal which can provide electrons to H* ions 
present in dilute acids for reduction, evolve hydrogen ‘from 
dilute acids. 


Mn ——> Mn"* +ne7 (Oxidation) 


2H* +2e° —>H, 


The metal having negative values of reduction potential 
possess the property of losing electron or electrons. 

Thus, the. _ metals occupying top positions in the 
electrochemical series readily liberate hydrogen from dilute 
acids and on descending in the series tendency to liberate 
hydrogen gas from dilute acids decreases. 

The metals which are below hydrogen in electrochemical 
series like Cu, Hg, Au, Pt, etc., do not evolve hydrogen from 
dilute acids. 

(d) Displacement of hydrogen from water: Iron and the 
metals above iron are capable of liberating hydrogen from water. 
The tendency decreases from top to > bottom i in electrochemical 
series. 

Alkali and alkaline earth metals liberate hydrogen from cold 
water but Mg, Zn and Fe liberate hydrogen from hot water or 
steam. 

(iv) Reducing power of metals: Reducing nature depends 
on the tendency of losing electron or electrons. More the negative 


(Reduction) 
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reduction potential, more is the tendency to lose electron or. 
electrons. Thus, reducing nature decreases from top to bottom 
in the electrochemical series. The power of the reducing agent 
increases as the standard reduction potential becomes more and 
more negative. 
Sodium is a stronger reducing agent than zinc and zinc is a 
stronger reducing agent than iron. 
Element Na Zn Fe 
Reduction potential -~2.71 -0.76 -0.44 
— 
Reducing nature decreases 
Alkali and alkaline earth metals aré strong reducing agents. 
(v) Oxidising nature of non-metals: Oxidising nature 
depends on thé tendency. to accept electron or electrons. More the 
value of reduction potential, higher is the tendency to accept 
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K*, Ca?*, Na*, Mg”*, Al?*, Zn?*, Fe?*, H*, Cu2*, Ag*, Au** 


Increasing order of deposition 


Similarly, the anion which is stronger reducing agent (low value 
of standard reduction potential) is liberated first at the anode. 

The increasing order of discharge of few anions is: 

SO%, NO3, OH”, Cl”, Br>, I> 
Increasing arder of discharge 

Thus, when an aqueous solution of NaCl containing Na”, 
Cl”, H* and OH” ions is electrolysed, H* ions are discharged at 
cathode and Cl” ions at the anode, i.e.,H, is liberated at cathode 
and chlorine at anode. 

When an aqueous solution of CuSO, containing Cu?* ,SO7,, 


electron or electrons. Thus, oxidising nature increases from 


H ~and.QH — ions is electrolysed Ca ions are discharged. at: 


cathode. ee 


top to bottom in the electrochemical series. The strength of an 
oxidising agent increases as the value of reduction potential 
becomes more and more positive. 

F, (Fluorine) is a stronger oxidant than Cl,, Br, andI,. 

Cl, (enlorine). isa a Sronger oxidant than Br, and Dy 


Element | 1, Bn Cl, HK 
Reduction potential +.0.53 +1.06 +1.36 +2.85 
Oxidising nature.increases . 
Thus, in electrochemical series 


Top (Strongest reducing agent) 
_ Highest negative reduction potential & 
E or 3 
(Minimum reduction potential) fo 


nature 


Oxidising 


Bottom (Strongest oxidising agent) 
_ Highest positive value of reduction potential 

(vi) Thermal stability of metallic oxides: The thermal 
stability of the metal oxide depends on its electropositive nature. 
As the electropositivity decreases from top to bottom, the thermal 
stability of the oxide also decreases from top to bottom. The. 
oxides of metals having high positive reduction potentials are not. 
stable towards heat. The metals which come below copper form 
unstable oxides, i. e., these are decomposed on heating. 


Heat 1 
Ag ,O——> 2Ag + ae 


Heat 
2HgO ——— 2Hg + O, 
BaO Heat as 
Na,O No decomposition 
Al,O; ama 


(vii) Products of electrolysis: 
positive and negative ions are present in solution, during 
electrolysis certain ions are discharged or liberated at. the 
electrodes in preference to others. In general, in such 
competition the ion which is stronger oxidising agent (high 
value of standard reduction potential) is discharged first. at 
the cathode. The increasing order of deposition of few cations is: 


’ iron will dissolve in acid medium to form Fe?* 


In case, two or more types of 


Cu?* +2e7 —>Cu (Cathodic reaction) 


4OH- —>0, +2H,0+4e~ (Anodic reaction) 


Cu is deposited on cathode while O, is liberated at anode. 


-—-(viii). Latimer-diagram:-_-Redox_—chemistry_of an.element_____. . 


can be understand by comparing the standard electrode potentials 
of the various oxidation states of the element. Latimer diagram ; 
showing relative stabilities of different oxidation states are even 

below : 


Acid Medium 
Fe 24+ =+0.44V Fe 2+ 34 =- 0.77 V Fe 34 
Fite —Ficd ngtt O TV 
Alkaline eset 


Fe 4 =e. Fe 2+ 34 =+0.56 V Fe 34 


In acid medium, the positive value of E* Fe/Fe?* indicates that 
ion; since 
E. : pet is negative, hence +2 state of iron will be more state 
ee 3 state in acid medium. . . 

When the potential on right of a species is more positive (less 
negative) than that on -the left, then the species will tend to 
undergo disproportionation. 

Example : 

Alkaline Medium 


= aie Pinion sch Fo 1C10- cai clo" 
Thus, Cl, will undergo disproportionation into Cl” and ClO™ 
ions in basic medium. , 
Cl, +20H ——>Cl +ClO” +H,0- 

(ix) Corrosion of metals: Corrosion is defined as the 
deterioration of a substance because of its reaction with its 
environment. This is also defined as the process by which metals. 
have the tendency to go back to their combined state, i.e., reverse 
of extraction of metals. 

Thus, the process of weathering away of the metal due to 
attack of the atmospheric gases on the surface of the metal 


______._-iron object. 
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resulting into the formation of compounds such as oxides, 
sulphates, sulphides, carbonates, etc., is called corrosion. 

The process of corrosion of iron is called rusting. Rust is 
chemically the hydrated oxide of iron having. the formula 
‘Fe,0,-xH,O. Other examples of corrosion of metals are 
tarnishing of silver and those of copper and bronze etc. Corrosion 


of copper and bronze forms a green coating on the surface. The - 


corrosion of metals, particularly iron, causes damage to 
buildings, dams, bridges, etc., and we lose a lot of money every 
year. 
Mechanism ef Corrosion : Corrosion is a redox process by 
which metals are oxidised by oxygen in presence of moisture. 
The mechanism can be understood by taking the example of 
rusting of iron. The theory of rusting is called electrochemical 
theory. In this theory the process of rusting can be explained on 
the basis of formation of electrochemical cell on the surface-ofan 


Step 4 : The ferrous ions (Fe?* ) formed in the previous step 


reacts with dissolved oxygen or oxygen from air to form ferric 
oxide (Fe,O; } 


4Fe** +O, + 4H;0—> 2Fe,0, + 8H" (aq) 
Hydration of ferric oxide gives rust. ° 
Fe, 0, +xH,0——> Fe,0, -xH,O 
The process of rusting may be diagrammatically represented 
as in Fig. 12.17. 
~ Water drop 


Rusting of iron involves the following steps : 
Step 1 : The water vapours present in contact with i iron surface 
have dissolved CO, and O, from air. . 
H,O(/) + CO, (g)——> H,,CO, (/) 
.-. Thus, the-surface-of_iron-is-covered-with.an aqueous.solution. 
of carbonic acid, which undergoes dissociation to a small extent. 
H,CO,—— 2H" +CO} (lonisation of carbonic acid) 
H,O == H* + OH” (lonisation of water) 
Step 2 : Second step involves oxidation of iron. Oxidation of 
metal takes place at the point of strain. For example, a steel nail 
first corrodes at the tip and head. The tip of the nail acts as anode 
where iron is oxidised to ferrous ion. 
Fe(s) —> Fe”* + 2e7 (Anodic process, oxidation) ...(i) 


(E° retin = —0.44 volt) 


Step 3: The electrons flow along the nail to the areas 
containing impurities which act as cathode where oxygen 
(dissolved in water) is reduced to hydroxyl ions. 


O,(g)+2H,O(/)+4e ——>40H 
(Cathodic process, reduction) 
(Eva = 123 volt) 
The process of reduction involves the following two steps : 
' First of all H” ions are reduced to hydrogen atoms. 
H’ +e7° ——[H] .. ii) 
These hydrogen atoms combine with oxygen dissolved in 
water or from air. 


4[H] + O. ——2H,0 .- (iii) 
Combining (ii) and (ili), we get 
O, + 4H" +4e7 ——>2H,O(/) ..-(iv) 


(E’.4 = 123 volt) 


' Adding equations (i) and (iv), we get, the overall reactions of 
microcells established on the surface of iron. 


2Fe(s)+ O,(g)+ 4H" "(aq)—>2Fe** (aq)+ 2H, 0(1) 
(Fa = 167 volt) 


Oxidation : Fe(s) —» Fe2* (aq.) + 26° 

Reduction : O2 + 4H* (aq.) + 46° —> 2H,0 ()) 

Atmospheric 4Fe?* + Oo + 4H20 (J) —> 2Fe203(s) + BH*(aq.) 
Oxidation Fe203 + xH20 —> Fe,03. xH20_ 


Fig. 12.17, Rusting of iron 


Factors Affecting Corrosion 


1. Standard reduction potential : Lesser is the standard 
reduction potential, greater is the tendency of corrosion. In other 
words, more is the reactivity of metal, greater is the tendency of 
corrosion. 

2. Strains and corrosion : Coftcuicn of metals occurs more © 
readily at points of strain, bend, nick and scratches. 

3. Impurity of metal and corrosion : Presence of impurity in 
metals increases the probability of their corrosion. Pure metals, 
é.g., pure iron does not undergo rusting. 

4. Salinity of water and corrosion : If water is saline, it helps 
in the flow of current in microelectrochemical cells on the surface 
of iron and hence, increases the process of corrosion. 

5. Pollution and corrosion : The acidic oxides likeCO,, 
SO,,NO, etc., present in air act as catalysts for corrosion. It 
should be noted that if iron is placed in vacuum, it does not 
undergo rusting. 

Prevention of Rusting : Prevention of rusting is not only 
important from the point of view of economy but also from the 
point of view of safety. Prevention of corrosion not only saves 
money but also prevents accidents due to collapse of bridges and 
buildings. 

Some important methods for preventing corrosion are 
described below: 

‘ 1. Using antirust solution : Alkéhiie phosphate and alkaline 
chromate solutions are the commonly used antirust solutions. 
Alkaline phosphates tend to form an insoluble film of iron 
phosphate on the surface of iron, thereby protecting it from 
corrosion. In addition, the alkaline nature of an antirust solution 
decreases the availability of H* ions which facilitate the . 
oxidation of Fe to Fe’*. These solutions.are used to prevent 
rusting of radiators of cars and water coolers. 
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2. Barrier protection : It is one of the simplest methods of 
preventing corrosion. In this method a barrier or coating is 
applied to prevent the surface of the metallic object from come in 
contact with the atmosphere. This can be achieved by the 
following methods : 

(i) Oil paints on the surface of metal prcveails its contact with 
moist air. 

(ii) By applying grease or oil on the surface of iron tools and 
other objects, rusting can be prevented. 

(ili) Nichrome (Ni + Cr) plating on the surface of iron also acts 
as a barrier between metal and. atmosphere. 

(iv) Bisphenol is an important chemical which can be applied vo 
on the surface of the metal to avoid its corrosion. Fig. 12.18 Cathodic protection of a buried steel pipe 

3. Sacrificial protection : In this method, the surface of iron 


is coated with a more active metal than iron. This active metal 
ee lati erence ie iron and oxidation. Of course, the magnesium rod is eventually consumed 


oses-electrons,i.¢., undergo oxi wa 
and must be replaced; but+ this is cheaper than digging up the pipe 
hence, prevents the rusting of i iron. So, long as the surface of iron hod ; 1 
is covered with such metals the corrosion of iron is prevented. If fine. This mi used to-preventts gota r 


the surface is scratched or the coating is broken, even then the base line of ojl refineries. s 
rusting of iron does not start. (x) Extraction of metals: Amore electropositive metal can ~ 
Zinc metal is the most stable metal to.cover iron surfaces. The displace a less electropositive metal from its salt’s solution. This 


process of ‘costing the irom surface by zinc is called principle is applied for the extraction of Ag and Au by cyanide 


‘galvanization. Zinc metal present on the surface of iron forms a Ere Sivee oe ie Se ueen ces Soom See 


hin “protective. layer’ af basie zinc carbonate, <ié, cyanide, NaAgy) 2 phe suaned by the addition of zinc as 
ZnCOQ, - Zn(OH). due to the reaction Rees zinc, oxygen, CO, ibis more elecioposiive thang 
and moisture in air. 2NaAg(CN), + Zn —— Na,Zn(CN), + 2Ag 

Zn** +2e° —>Zn(s); Eh a, = -0.76volt 


As the cathode, the iron containing steel pipe is protected from 


Concept of Equilibrium in Electrochemical Cell 


** +2e” ——>Fe(s); E pe = O44 volt In an electrochemical cell a reversible redox process takes 
(Zinc will undergo oxidation in preference to iron.) place, e.g. in Daniell cell: 
Since, standard reduction potential of zinc is less than iron, Zn(s) + Cu2* (ag.)—== Zn" (aq.) + Cu(s) - 
hence, iron will not undergo corrosion (oxidation) even when the ee 
zinc coating is broken due to scratches or some other mechanical (1) At equilibrium mass action ratio becomes equal to 
stress. equilibrium constant, 
Sometimes an iron surface is coated with tin metal and this Leen 3 O=K, ‘ 
process is known as tinning or tin plating. This method is not as ; 
effective as galvanization. (2) Oxidation potential of anode = — Reduction potential ‘of 
Sn** (ag)+2e” —Sn(s); Ef a. = O14 volt cathode 
oy in ese ie, emf = Oxidation potential of anode 
Be’ (aq) 22 »Fe(s);  £ Fe" /Fe 044 volt + Reduction potential of cathode 
(iron will undergo oxidation in preference to tin.) =(0 
Tinning is effective in checking the rusting of iron so long as Cell is fully discharged. 


the surface of iron is fully covered by tin. Once the tin coating is 
broken or scratched then rusting will start because standard 
reduction potential ofiron is less than that of tin. _ ; E=E°- 0.0591 logy) Qat 25°C 
4, Electrical or Cathodic protection : If a buried steel pipe is n 

connected to an active metal, i.e., highly electropositive metal, 
say magnesium, a voltaic cell is formed; the active metal is the 
anode and iron becomes the cathode. Wet soil or moisture forms 0=E°- oh log io K 
the electrolyte and the electrode reactions are : n 


According to Nernst equation: 


At equilibrium, . £=0,0=K 


Mg(s) > Mg”" (aq)+2e7; Eo = -2.37V ° 
g(s) g* (aq) Mg2* /Mg K= ansilog| = 
-O,(g)+2H,O())+4e° —>40H" (ag); Efe =1.23V 0.0591 
Overall: 2Mg(s)+ 0, (g)+2H,0(/) Work done by the Cell : 
——2Mg”* +40H™; E24, =3.60V Let n faraday charge be taken out of a cell of emf E; then work 


done by the cell will be calculated as: 


° 
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Work = Charge x Potential 
= nFE 
Work done sy the céll is equal to decrease i in free energy. 
—AG=nFE 
Similarly, maximum obtainable work from the cell will be 
Worax =NFE° |” 


where, £° = standard emf or standard cell potential. 
-AG° = nFE° 


_ The Relationship among K, AG° and E° Cell 
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- Case II: When (=) <0, then nFE < AH, i.e., process * 


inside the cell is exothermic. 


ity 


{2:24 PRIMARY VOLTAIC CELL 


(The Dry Cell) 


“In this cell, once the chemicals have been consumed, further 


reaction is not possible. It cannot be regenerated by reversing the 
current flow through the cell using an external direct current 
source of electrical energy. The most common i as of this 
type is dry ceil. 

The container of the dry cell is made of zinc which, ve serves 


- as one of the electrodes. The other electrode is a carbon rod in the 


centre of the cell. The zinc container is lined with a porous paper. 
A moist mixture of ammonium chloride, manganese dioxide, zinc 


“chloride and a porous inert filler occupy the space between the © 


= AH°- TAS®° 


Chemical 
composition 


AG°=—nFE° 


{ Equilibrium 
+ constant 
K 


Fig. 12.19 


Heat of Reaction in an Electrochemical Cell 
Let n faraday charge flows out of a cell of emf E, 


Then -AG=nFE — (i 


Gibbs-Helmholtz equation from thermodynamics may be 
given as: 


dAG 2 
AG=AH+T ath 
+ (ae or : (ii) 


From equations (i) and (ii), we get 


-nFe= ant «| SCHED) = AH - ner (3) 
ar |p aT) p 


AH =-nFE + net (32 
OT} p 


Here, (=) = Temperature coefficient of cell 
ie 


= 0, then AH = ~nFE 
P 


Case l: When (=) 
oT 


Case Ii: When (=) >0, then nFE > AH, i.e., process 


inside the cell is endothermic. 


sepeeas ‘AGS =—2.303AT logo 


paper litied zinc contamer and the carbon rod. The cell is sealed 
with a material like wax. 


As the cell operates, the zinc is oxidised to Zn7* 


Zn —— Zn7* +2e7 (Anode reaction) 


-~Fhe- electrons-are—utilized- at- carbon - (cathode) asthe 


ammonium ions are reduced, 
2NH,* + 2e7 ——>2NH; + y, (Cathode reaction) 
The cell reaction is 
Zn + 2NH,’ —> Zn™* +2NH, +H, 
Hydrogen is oxidised by MnO, in the cell. 
 2MnO, +H, —> 2MnO(OH) 
Ammonia produced at cathode combines with zinc ions to 
form complex ion. 
Zn** + 4NH, —>[Zn(NH;),]** 


Een is 1.6 volt. 


Alkaline dry cell is similar to ordinary dry cell. It contains’ 
potassium hydroxide. The reactions iri alkaline dry cell are: 


Zn + 20H” —— Zn(OH), + 2e7 (Anode reaction) 


2Mn0, - + mo + 2e” ——>2MnO(OH) + 20H" 


(Cathode reaction) 
Zn + 2MnO, + 2H,0——> Zn(OH), + 2MnO(OH) (Overall) 
Ey. is 1.5 volt. 


Button cell : The button cells ar: usually pallet type e flat j in 
construction and look like a button in shape. Owing to their small 
sizes, they are used in small electronic devices like hearing aids, 
electronic watches etc. These cells are basically primary cells. 
Mercuric oxide button cell is the most commonly used button 
cell, In this cell, zinc anode and mercuric oxide plus carbon paste 
cathode is used. The electrolyte is a paste of ZnO and KOH. 


ELECTROCHEMISTRY 

Anode (negative); Nickel-Cadmium storage cell : It is also a common storage 

(Zn powder + battery. It is more expensive than the lead storage battery but it is 

Hg) amaigam light, therefore, used in calculators, portable power tools, etc. 

Gellcan it is a voltaic cell consisting of an anode of cadmium and a 

Separator cathode of hydrated nickel oxide on nickel. The electrolyte in the 
(positive): cell is aqueous solution of potassium hydroxide. Electrode 
ZnO + KOH electrolyte 


Fig. 12.20 
The cell process is given below : 


Anode ; Poon + 20H” ——~ ZnO(s)+H,O+ 2e7 


gam) 
Cathode: HgO(s)+H,O+2e ——~> Hg(/)+ 20H” 


Overall : jae +HgQ(s) > ZnQ(s)+ Hg(/) 


EASTER ENTERS ES 


processes are given below : 
Anode: Cd(s)+ 20H’ (aq) Ca(OH), +2e7 
Cathode: NiO, (s)+2H,O(/)+ 2e7 ——>Ni(OH), + 20H™ 
Cd(s)+ NiO, (s)+ 2H,O(]) —— Cd(OH), + Ni(OH), 
In the recharging of the cell the process is reversed. 
Ca(OH), + Ni(OH), ——>Cd(s)+ NiO, (s)+2H30(/) 


FUEL CELL 
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remains constant during its life because overall reaction does not_.—Fuel-eells 
involve any ion whose concentration can change during the 
process. 


3; SECONDARY VOLTAIC CELL 
_... {bead Storage Battery) 
The cell in which original reactants are regenerated by passing 


direct current from external source, i.e. , it is recharged, is called 
secondary cell. Lead storage battery is the example of this type. 


It consists of a group of lead plates bearing compressed 


spongy lead, alternating with a group of lead plates bearing lead 
dioxide, PbO,. These plates are immersed in a solution of about 
30% H,SO,. When the cell discharges, s operates as a voltaic 
cell. The spongy lead is oxidised to Pb?* ions and lead plates 
acquire a negative charge. 


Pb -——> Pb** + 2e7 (Anode reaction) 


Pb”* ions combine with sulphate ions to form insoluble lead 
sulphate, PbSO, , which begins to coat lead electrode. 
Pb** + SOZ —— PbSO, (Precipitation) 
The electrons are utilised at PbO, electrode. 


PbO, + 4H* +2e7 ——>Pb2* +2H,O (Cathode reaction) 
2 2 


Pb?* + SO; ——> PbSO, (Precipitation) 


Overall cell reaction is: 
Pb + PbO, + 4H * + 2SO2/ —~> 2PbSO, + 2H,O 


Even is 2.041 volt. 


When a potential slightly greater than the potential of battery 
is applied, the battery can be recharged. * 


2PbSO, + 2H,O—> Pb + PbO, + 2H,SO, 


After many repeated charge-discharge cycles, some of the lead 
sulphate falls to the bottom of the container, the sulphuric acid 
concentration remains low and the battery cannot be recharged 
fully. 


porous electrode. 


converted into electrical energy. The main disadvantage of a 
primary cell is that it can deliver current for a short period only. 
This is due to the fact that the quantity of oxidising agent and 
reducing agent is limited. But the energy can be obtained 
indefinitely from a fuel cell as long as the outside supply of fuel is 


ich-chemicat energy-may- be 


“maintained. One of the examples is the hydrogen-oxygen fuel 


cell. The cell consists of three compartments separated by a 
Hydrogen gas is introduced into one 
compartment and oxygen gas is fed into another compartment. 
These gases then diffuse slowly through the electrodes and react 
with an electrolyte that isin the central compartment. The 
electrodes are made of porous carbon and the electrolyte is a resin 
containing concentrated aqueous sodium’ hydroxide solution. 
Hydrogen is oxidised at anode and oxygen is reduced at cathode. 
The overall cell reaction produces water. The reactions which 
occur are: 
Anode [H,(g) + 2OH (aq.) —> 2H, 0) +2e°|x2 


Cathode O,(g) + 2H, O(/) + 4e7 ——~» 40H (aq.) 
2H,(g) + Oy (g) —> 2H, 0(/) 


This type of cells are used in pee aa Fuel cells are 
efficient and pollution free, 

Thermodynamic efficiency of fuel cells is the ratio of the 
electrical free energy to the enthalpy of the reaction. 


Overall 


-AG 
ae 
CONCENTRATION CELLS 


if two plates of the same metal are dipped separately into two 
solutions of the same electrolyte and are connected with a salt 
bridge, the whole arrangement is found to act as a galvanic cell. 
In general, there are two types of concentration cells: 

(i) Electrode concentration cells: In these cells, the 
potential difference is developed between two like electrodes at 
different concentrations dipped in the same solution of the 
electrolyte. For example, two hydrogen electrodes at different 
gas pressures in the same solution of hydrogen ions constitute a 
cell of this type. 


810. | 


Pt, H, (Pressure p,) iH | H, (Pressure p,) Pt 
Anode: Cathode 


If p, > p), oxidation occurs at LHS electrode and reduction 
occurs at RHS electrode. 


0.0591 15 (rp) 
cell = 


2 = P2) 
In the amalgam cells, two amalgams of the same metal at two 


different concentrations are immersed in the same electrolytic 
solution. 


at 25°C 


M (Hg C,) |M"* |Zn(Hg C,) 
The emf of the cell is given by the expression — 
Eo = EE. log —+ Ct at 25°C 
C2 
__concentration cells: In these cells, 
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(H* Iostnode _ 0-118 _ 


Me 19° 0.0591 


| TH Jeathode ai 0? 
10° 
(El Tesiods =10"° %10? =10-* a7 
--Example 44, The emf of the cell 
Ag | Agl in 0.05 M KI | Sol. NH,NO, |0.05M AgNO, | Ag 


is 0.788 volt at 25°C. The activity coefficient of KI and silver 
nitrate in the above solution is 0.90 each. Calculate (i) the 


‘solubility product of Agl and (ii) the sohibility of Agl in pure 


‘water at 25°C. 


Solution: Agt ion concentration on AgNo, side 


electrodes are identical but these are immersed in solutions of the 


= 0.9x 0.05 = 0.045M 


same electrolyte of different concentrations. The source of 
electrical energy in the cell is the tendency of the electrolyte to 
diffuse from a solution of higher concentration to that of lower 
concentration. With the expiry of time, the two concentrations 
. tend to become equal. Thus, at the start the emf of the cell is 


maximum:and it gradually falls to-zero. Such-a cell is represented- 


in the following manner: 
Gi is greater than C,). 
M|M"™(C,)I|M"(C,)|M 


Zn | Zn7*(C,) || Zn?*(C,)| Zn 


or 
Anode Cathode 
The emf of the cells given by the following expression: 
Cc 
Egy = oom tog 2. 25°C 
n 1 (LHS) 


The concentration cells are used to determine the solubility of 
sparingly soluble salts, valency of the cation of the electrolyte 
and transition point of the two allotropic forms of a metal used as 
electrodes, etc. 


222998 Some Sorven Exampres\ $833::: 


ee °!. Eample 43. A cell contains two hydrogen electrodes. The 
negative electrode is in. contact with a solution of 10° M 
hydrogen ions. The emf of the cell is 0.118 volt at 25° C. Calculate 
the concentration of hydrogen ions at the positive electrode. 
Solution: The cell may be represented as 


PtH, (latm)| H* 1!H*1H, (1 atm) Pt 
1H, (ai Leer DC 4 (1 atm) 


Anode Cathode 
(ve) (+ ve) 
H, > 2H* +2e7 2H* +2e" +H, 
0.0591, [H* ]2uthoa 
cell ) g (oP 


+ 
0.118 = (0.0591) log Ee : 
10° 


. or log 


ion concentration in 0.05 M KI solution . 


= 0.05 x 0.9= 0.045 


‘Similarly I ~ 


A 
ea oe hog LAS Jens “Trus = 0.0591 log 


I : [Ag* Juus. 


Ne 0788 =13,33 
[Ag*]pys 9.0591 


0.045 
& 138x108 


=2.105x 10 M 
_ Solubility product of Agl =[Ag* [I] 
= 2.105 x 10°" x 0.045 
=9.472x 1077 


Solubility of Ag! = {Solubility product of Agl ~ 
= 9.472 1077 


= 9.732x 10° g mol L! 


E 0.045 


+ 


[Ag* ras = 


= 9.732x 10° x 143.5gL7 
= 1,396x10° gL" 
~~ Example 45. The observed emf of the cell, 
Pt|H (1atm)| H* (3x 10% M)|| H* (M, )| Hy (latm)| Pt. 


is 0.154V. Calculate the value of M, and pH of cathodic 
solution. 


Solution: E.. = 0.0591 log Ms 5 
3x10 
ac 
or dog —b = 218% = 2.6058 


3x107 0.0591 


fAg* Jus 
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M 


1 = 4034x107 _ 
3x 107+ 


M, = 4.034 x 10? x 3x10 M 
=0.121M 
pH = —log [H* ]=— log 0.121 = 0.917 


“Example 46. Calculate the emf of the following cell at 
25°C : 


Pt Hy |HCl|H, Pt 
2 atm 10 atm 


= 4,2426x 10 M 


-3 
Eqy = 0.0591 log —— SS UH Ins _ 0.9591 eg ee 
[H" Ihus , 0.9407 x 107 


=~ 0.0204 volt 


xample 49. During the discharge of a lead storage 
battery, density of H,SO, fell from 1.29410 1.139 g/mL. 
Sulphuric acid of density 1.294 is 39% H,SO, by weight and that 
of density 1.139 g/mL is 20% H,SO, by weight. The battery holds 
3.5 litre of the acid and volume remains practically constant 
during discharge. Calculate ampere-hour of which the battery 


Solution: | a 0.0591 log Pu must have been used. The charging and discharging reactions 
2 P2 are: 
= 0.0591 ise -2- i z au = + 2e (charging) 
_ OO 2 _Pb0, +4AH* + SO; + 2e” ——» PbSO, + 2H,O (discharging) 
=~ 0.0206 volt Solnson: 


se Example 47. In a fuel cell H. and O, react to produce 
electricity. In the process H gas is oxidised at the anode andO, 
is reduced at the cathode. If 67.2 litre of H, at NTP reacts in 15 


minute, what is the average current produced? tf the entire 


current is used for electro-deposition of Cu from Cu?*, how many 
g of Cu are deposited? 


Solution: Reaction at anode of fuel cell, 
H,(g): —) 2H* + ae. a 


i mole 
. 2A4AL 


67.2 L of H, correspond = — x 67.2 coulomb 


Time =15 x 60 second 


2 x 96500 x 67.2 


Average current = 
22.4 x15 x 60° 


= 643.3 amp 


Mass of copper deposited by 296500 X 67.2 coulomb 


63.5 . 2X 96500 x 67.2 
2x 96500 22.4 


=190.5¢g 


Example 48. Neglecting the liquid-liquid junction 
potential, calculate the emf of the following cell at 25°C’: 


-H>(latm)| 0.5 M HCOOH || 1M CH,COOH | (latm) H, 


K, for HCOOH and CH;COOH are 1.77 x 107 and 1.8x 10° 
respectively, 


Solution: [H* ]in HCOOH = Jc xK, =¥0. 5x1.77x104 - 


= 0.9407 x 10°? M 


[H* ]in CH,COOH = /C x K, = J1x 18x 10° 


Weight of solution before discharge = 3500 x 1.294 
= 4529 g 


* Weight of HjSO, before discharge =: ~ oe = ere ae 


= 1766.31g 
Weight of solution after discharge = 3500 x 1.139 - 


a = 3986.5 g. - 
Weight of H,SO, after discharge = ng x 3986.5, 


(=7973¢ 
Loss in mass of H,SO, during discharge 
= 1766.31— 797.3 = 969.01 g 
Now from first law of electrolysis, 
_OxE 
~ 96500 

Ox 98 
96500 
O = 954178.21 coulomb 
Coulomb _ 954178.21 

3600 3600 
= 265.04 ampere-hour 


12.28 COMMERCIAL PRODUCTION OF 
CHEMICALS 
The wide applications of electrolysis have been listed im section 


12.4 of this chapter. A large number of chemicals are produced by 
electrolysis. A few of these are.described below: 


969.01= 


Ampere- hour = 


1. Manufacture of sodium 


Sodium is obtained on large scale by two processes: 


812 | 


6) ‘Castner’s process: In’this process, electrolysis of fused 
sodium hydroxide is carried out at 330°C using iron as cathode 
and nickel as anode. 


2NaOQH === 2Na* + 20H™ 
Atcathode: 2Na* +2e—>2Na 
At anode: 40H” —~ 2H,0+ 0, + 4e 


During electrolysis, oxygen and water are produced. Water 
formed at the anode gets partly evaporated and is partly broken 
down and hydrogen is discharged at cathode. 

H,O=—=H’* + OH” 

Atcathode: 2H* + 2e—» 2H——> H, a. 

(i) Down’s process: Now-a-days sodium metal is 
manufactured by this process. It involves the electrolysis of fused 
sodium chloride containing calcium chloride and potassium 


OA RR ee ee 
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On passing electricity, Na* and H* ions move towards 
cathode and Cl” and OH™ ions move towards anode. The 
discharge potential. of H* ions is less than Na* ions, thus 
hydrogen ions get discharged easily and hydrogen is liberated. 
Similarly, at anode Cl” ions are easily discharged as their 
discharge potential is less than that of OH” ions. Cl, gas is, 
therefore, liberated at anode. 

The solution on electrolysis becomes richer in Na* and OH™ 
ions. 4 

Since, chlorine reacts with sodium hydroxide solution even in 
the cold forming sodium chloride and sodium hypochlorite, it is 
necessary that chlorine should not come in contact with meta 
hydroxide during electrolysis. 


2NaOH + Cl, ——> NaCl + NaClO+H,O 


fluoride using iron as cathode and graphite as anode at about 


To overcome this problem, the anode is separated fromthe 


600°C (Fig. 12.21). 
NaCl == Na* + Cl- 


At cathode: Na* +e— Na 
a apede 2Cl” ——> Cl, + 2e 
~Chiorine «=, -*Fuised NaCI + 
Inlet for Dome CaCl, +KF 


fresh salt 


cathode 

Graphite Hood for 
anode _— cathode 

Fig. 12.21 Down's cell for extraction of sodium 


The electrolysis of pure NaCl presents the acllowity 
difficulties: 


(a) The fusion temperature of NaCl is high, 7.2, 803°C. At 
this temperature both sodium and chlorine are corrosive. 

(b) Sodium forms a metallic fog at this temperature. 

To remove above difficulties, the fusion temperature is 
reduced to 600°C by adding CaCl, and KF. This is a cheaper 
method and chlorine is obtained as a byproduct. The sodium 
obtained is of high purity (about 99.5%). 


2. Sodium hydroxide (Caustic soda), NaOH 


Caustic soda is manufactured by the electrolysis of aqueous 
solution of sodium chloride in an electrolytic cell. 


Principle: A sodium chloride solution contains Na 
Cl™ and OH™ ions. 


NaCl == Na* + Cl” 
" H,O==H* + OH” 


+ + 
,, 


cathode in the electrolytic cell either by using a porous 
diaphragm or by using a mercury cathode. 


(i) Porous diaphragm process (Nelson . cell 
process): Nelson cell consists of a perforated steel tube lined 


inside with asbestos. The tube acts z as a a cathode (Fig. 12, .22).. 


Graphite anode 
—_— Fresh brine 


—*Ho 


Asbestos 
lining 


Perforated 
cathode 


NaOH solution 
Fig. 12.22 Nelson cell 


It is suspended in a steel tank. A graphite rod dipped in sodium 
chloride solution serves as anode. On passing electric current, 
chlorine is liberated at the anode and let out through the outlet. 
Sodium ions penetrate through the asbestos and reach the cathode 
where hydrogen and OH” ions are formed by reduction of water. 
Sodium ions combine with OH™ ions to form NaOH which is 
collected in the outer tank while hydrogen is drawn off through 
the outlet. The steam blown during the process i the 
electrolyte warm and helps to keep perforation clear. 

NaCl == Na* + CI7 


2H,0+ 2e=—= H, + 20H” 
Na* + OH” ==NaOH 


’ Gn solution) 
At cathode: 
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At anode: 2Cl” —> Cl, + 2e 

The solution containing NaOH and NaCl as impurity is taken 
out and evaporated to dryness. 

(ii) Castner-Kellner cell: This is the common cell in which 
mercury is used as cathode. The advantage of using Hg as a 
cathode is that the discharge potential of Na* ions is less than 
that of H" ions. Na* ions get discharged on mercury and the 


sodium so deposited combines with mercury to- form sodium 


amalgam. The cell consists of a large rectangular trough divided 
into three compartments by slate partitions which do not touch 
the bottom of the cell but dipping in mercury as shown in the 
Fig. 12.23. 

Dilute NaOH solution 


lron cathode 


At anode: Na- amalgam ——> Na* +Hg +e 
At cathode: 2H,O + 2e—> H, T + 20H” 


The concentrated solution of sodium hydroxide (about 20%) 
is taken out from the inner compartment and evaporated to 
dryness to get solid NaOH. 

(iii) Kellner-Solvay cell: This is the modified cell. This cell 
has no compartments. The flowing mercury as shown in Fig. 
12.24 acts as cathode. A number of graphite rods dipping in 
sodium chloride solution act as anode. A constant level of sodium 
chloride solution is maintained in the cell. On electrolysis 


_ chlorine gas is liberated and Na* ions are discharged at cathode 


(mercury). Sodium discharged dissolves in Hg and forms 
amalgam. This amalgam flows out in a vessel containing water. 
Sodium hydroxide is formed with evolution of hydrogen. 

ae 


SUSSA 


Naci—__ E4__- | Nacl 
solution ~F solution 


Eccentric wheel 
Fig. 12.23 Castner-Kelliner cell 


. The mercury can flow from one compartment into other but 
the solution kept in one compartment cannot flow into other. 
Sodium chloride solution is placed in the two outer compartments 
and a dilute solution of sodium hydroxide in the inner 
compartment. Two graphite electrodes which act as anodes are 
fixed in the outer compartments and a series of iron rods fitted in 
the inner compartment acts as cathode. Mercury in the outer 
compartments acts as cathode while in the inner compartment it 
acts as anode by induction. The cell is kept rocking with the help 
of an eccentric wheel. | 

When electricity is circulated, sodium sictind in the outer 
compartments is electrolysed. Chlorine is evolved at the graphite 
anode while Na* ions are discharged at the Hg cathode. The 
liberated sodium forms amalgam with mercury. 


NaCl == Na* + Cl- 
At anode: 2Cl" —— 2C1 + 2e-——> Cl, 
Na* + e— Na 


At cathode: '. 


Na + Hg —> Amalgam 


The sodium amalgam thus formed comes in the. inner 
compartment due to rocking. Here, the sodium amalgam acts as 
the anode and iron rods acts as cathode. 


Aalgann out 
Fig. 12.24 Kellner-Solvay cell 


Preparation of pure sodium hydroxide: 


Commercial 
sodium hydroxide is purified with the help of alcohol. Sodium 
hydroxide dissolves in alcohol while impurities like NaCl, 
Na,CO,, Na,SO,, etc., remain insoluble. The alcoholic filtrate 
is distilled. The alcohol distills off while pure solid sodium 
4ydroxide is left behind. 


3. Manufacture of aluminium 


Aluminium is manufactured from pure bauxite ore by 
electrolysis. The bauxite ore usually contains impurities such as 
iron oxide, silica, etc. These impurities are first removed by the 
application of the following methods in _ batles to get pure 
alumina, i. e., pure bauxite ore: 

(a) Hall’s process; (b) Baeyer’s process; 
process. ; 

Electrolytic reduction of pure alumina: The ‘electrolysis 
of pure alumina faces two difficulties: (i) Pure alumina is a bad 
conductor of electricity and (ii) The fusion temperature of pure 
alumina is about 2000°C and at this temperature when the 
electrolysis is carried of the fused mass, the metal formed 
vapourises as the boiling point of aluminium is 1800°C. 

The above difficulties are overcome by using a mixture 
containing alumina, cryolite (Na AIF, ) and fluorspar (CaF, ) in 
the ratio of 20 : 60 : 20. The fusion temperature of this mixture is 
900°C and it is a good conductor of electricity. 

The electrolysis is carried out in an iron box lined inside with 
gas carbon which acts as cathode. The anode consists of carbon 
rods which dip in the fused mixture of the electrolyte from above. 
The fused electrolyte is covered with a layer of coke (Fig. 12.25). 


(c) Serpeck’s 


Frozen crust of alumina and 
electrolyte 


Electric 

insulation ce 
“ By im 

Caml Te 
ORE EKER, = eS ' ; 


~ aluminium 
Carbon lining 
Fig. 12.25 
The current passed through the cell serves two purposes: 
(i) Heating of the electrolyte: The temperature of the cell is 
_ automatically - miaaained st at 900 — 950°C. {ii) Electrolysis: On 
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electrolytic cell consists of an iron box lined inside with carbon. 
The cell consists of three layers which differ in specific gravities. 
The upper layer is of pure aluminium which acts as cathode. The 
middle layer consists of a mixture of the fluorides of Al, Ba and 
Na. The lowest layer consists of impure aluminium which acts as 
anode. The middle layer works as electrolyte. 


Insulator. 


Impure 
wa aluminium 


Graphite rods ‘and 
ST a 


Pure . 
aluminium 


“— NaF + AIF 
Cu, Al, Si + BaFo 
(electrolyte) 


Carbon 


being heavier than thé electrolyte siiks to the pONOT anid is 
tapped out periodically from a tapping hole, Oxygen is liberated 
at anode. It attacks the carbon rods forming CO and CO,. The 
process is continuous. When the concentration of the electrolyte 
decreases, the resistance of the cell increases. This is indicated by 


alumina is added. 


The exact mechanism of the electrolysis is not yet known. 
Two concepts have been proposed. 
First concept: AIF, from cryolite ionises as: 


AIF, == Al** + 3F- 
Al** ions are discharged at cathode and F ~ 
Al*+ +3e——> Al (at cathode) 


2F ——> F, + 2e (at anode) 


ions at anode. _ 


‘i ame NASD aN ORR Ss ace 


The liberated fluorine reacts with alumina to form AIF, and 
O,. The oxygen attacks the carbon anodes to form CO and CO). 


2C€ + 0, — > 2CO 
C+0, — > CO, 
Anodes are replaced frequently. 
Second concept: Alumina (Al,0;) ionises as: 
Al,O, == Al* + AIOZ 
Cathode Anode 
Al* +3¢—> Al (at cathode) 
At anode AlO3 is oxidised. 
4A10}/ ——> 2A1,0, +30, +12e (at anode) 
Thus, the overall chemical reaction taking place during 
electrolysis is, 
2Al,0, ——> 4Al + 30, 
Aluminium of 99.8% purity is obtained from this process. 


Refining of aluminium by Heope’s electrolytic method: 
Aluminium is further purified by Hoope’s process. The 


_ the glowing-of a lamp placed in parallel. At this stage more of ___ 


, lining 
Fig. 12.26 - 


The graphite rods are dipped in pure aluminium and Cu-Al 
alloy rods at the bottom of impure ee work as 


cathode from. the middle iayek and an Savill ‘amount of 
aluminium is taken up by the middle layer from the bottom layer 
(impure aluminium). Therefore, aluminium is transferred from 
bottom to the top layer through middle layer while impurities are 
left behind. Aluminium thus obtained is 99.98%, 


4, Isolation of fluorine 


Fluorine presented many difficulties in its isolation. It 
remained a difficult problem in chemistry for many years and 
after a hard labour of many chemists for about 75 years it could 
be isolated finally by Moissan in 1886. The reasons for its late 
discovery were its high reactivity and non-conducting nature 
of hydrofluoric acid. Fluorine attacked the material of the 
vessels used for its isolation. Carbon véssel was attacked With 
formation of CF, and platinum vessel was reduced to chocolate 
powder. The vessels of other metals were also affected. Platinum 
and carbon could not be used as electrodes. Another difficulty 
experienced was that when the electrolysis of aqueous 
hydrofluoric acid was carried out, hydrogen and oxygen (ozone) 
were obtained and when anhydrous hydrofluoric acid was tried it 
was found to be a bad conductor of electricity. 

Moissan finally solved the problem and isolated fluorine by 
the electrolysis of anhydrous hydrofluoric acid in the presence of 
potassium hydrogen fluoride using Pt-Ir alloy vessel at —23°C. 
The electrodes used were also of Pt-Ir alloy. 

Modern methods of isolation: In modern methods, 
fluorine is prepared by electrolysis of a fused fluoride (usually 
potassium hydrogen fluoride, KHF,). The electrolytic cells are 
made of copper, nickel or monel metal. The anode is generally of 
graphite and the fluorine set free contains some carbon 
tetrafluoride. 
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Reactions in the electrolytic cell 


a = 
Cathode Anode 
K* +e->K F° Fre 
K+HF>KF+H 2F + F 
2H > H, 


The following precautions should be taken in the preparation 
of fluorine: 

(i) The electrolyte must be completely dry. In presence of 
moisture, the evolved fluorine. reacts with moisture to form O, 


NaF + HF —> NaHF, 


Bakelite. 
stoppers 


electrode 


resistance 


furnace Fused KHF, 


Copper U-tubes 
Fig. 12.27 


The following difficulty is experienced in this method: 


and O;. 


(ii) The-parts of the apparatus which come in contact with ——dueto-narrow-exit. The escape 


fluorine must be free from oil and grease. 


(iii) The vessel in which fluorine is collected should also be 
absolutely dry. 


(iv) The gas must be made free from HF before storing by 


.. passing through sodium fluoride (NaF), otherwise HF will attack 


the vessel. 
Note: HF is more corrosive and reactive than fluorine. 


Dennis method: The electrolytic cell used in this. method 
consists of a V-shaped copper tube (5 cm in diameter) fitted with 
copper caps. Graphite electrodes through these caps are sealed 
and insulated in the tube by bakelite cement which is not affected 
by fluorine. The cell is covered with an insulating layer of 
asbestos cement over which is wound a resistance wire for 
electrical heating. The tube is thickly lagged to prevent the loss of 


- heat. 


The electrolyte consists of fused potassium hydrogen fluoride 
which has already been dried for 48 hours at 130°C. The 
_ electrolyte is kept in fused state by electrical heating externally. 
For electrolysis, a current of 5 ampere and 12 volt is used. On 
electrolysis fluorine is liberated at anode. To make the liberated 
fluorine free from HF vapours, it is passed through copper 
U-tubes containing sodium fluoride. - 


in the electrolyte. There are, thus, cfuhoes oft mixing gof fH, and. B 
which may result in explosion. To avoid this, a modified 
apparatus has been devised by Whytlaw-Gray. 

Whytlaw-Gray method: It consists of a copper cell wound 


with resistance wire for electrical heating. The pure graphite 


anode is enclosed in a copper cylinder which is is perforated ; at the 
bottom (Fig. 12.28). The electrolysis of fused KHF, is carried out 
in this cell. The escape of fluorine is fast enough and thus no 
frothing in the electrolyte occurs. There are no chances of mixing s 
of H, and F, in this cell. 


Fluorine 


Copper ceil 
Copper 


Fig. 12.28 
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ample 1. Anodic oxidation of ammonium hydrogen 
sulphate produces ammonium persulphate. 


NH,HSO, —> NH,SO, +H* 


2NH,SO, ——> (NH, ), 520g + 2e” (Anodic oxidation) 
- 2H Ae de — H, (Cathodic reduction) 
rydrolysis of ammonium persulphate forms H,03. 
(NH, 25203 + 2H,0 —> 2NH,HSO, + H,0, 


"When MnO, will be sed up in i cathadies process, 
the dry cell will stop to produce current. 
Cathodic a 


Solution: 


#5 
2Mn0, (s)+ Zn* + 2e° —»ZnMn,0, 


Molecular mass 


Equivalent mass of MnO, = ————_—_______— 
Change in oxidation state 


; 87 
Current efficiency in electrolytic process is 60%. Calculate the = Ze =87 
amount of current required to produce 85g of H,O, per hour. 
Hydrolysis reaction shows 100% yield. From first law of electrolysis, 
Solution: Given, We RE 
(NH,)> S50, 4 +H,0—> 2NH 1H,HSO, +H,0, ~ 96500. 
228g | ‘ 34g i; 
-3 
- 34g H,0, i is produced by 228 g (NH,) 90, 4x10" x1 87 
298 96500 
+. 85 g HO, will be produced by —— x 85 NH S 
acini Seles a B (NH) 2820, = 2218390.8 second 
. = 570g . . _ 22183908 - 9 675 day 
Equivalent mass of (NH,), SO, may be calculated using the 3600 x 24 


following reaction: 
2NH, SO; —>(NH,); $,04 + + 2e 


Equivalent mass of (NH4). S04: = = es pote 114 
From first law of electrolysis, 
_ TE 
96500 
Ix 3600 114 
96500 


'370= 


I = 134.0277 ampere 


Given that, current efficiency is 60%, the actual amount of 
current 


6 
— 100, 134.0277 
60 


= 223.379 ampere 


é , iple 2. In a zinc manganese dioxide dry cell, the 
anode is made up of zinc and cathode of a carbon rod surrounded 
by a mixture of MnO, carbon, NH,Cl and ZnCl, in aqueous 
base. 


The cathodic reaction may be represented as: 


2MnO,(s)+ Zn** + 2e7 ——> ZnMn.0,(s) 


Let there be 8 g MnO, in the cathodic compartment. How 
many days will the dry cell continue to give a current of 4 x 10° 
ampere? 


iiple 3. Ten gram of a fairly concentrated solution of 
cupric sulphate is electrolysed using 0.01 faraday of ee 
Calculate: 
(i) The mass of the resulting sation: 
_ (ii) The number of equivalents of acid or alkali in the 
Solution. 


Solution: Electrode process during electrolysis of aqueous 
CuSO, may be given as: 


Cu?* +2e7 —~> Cu (Cathode) 
20H” —>H,0+ 740, + 2e” (Anode) 
_ Mass of copper deposited at cathode by 0.01 faraday on 
= 0.01 x 31.75 
= 0.3175 g 
(Here, 31.75 is the equivalent mass of Cu2*.) 
Mass of oxygen evolved by 0.01 faraday charge 
= 0.01x 8= 0.08 g 
Total weight loss from solution = 0.3175 + 0.08 = 0.3975 g 
Mass of resulting solution = 10— 0.3975 
= 9.6025 g 
After deposition of Cu** and OH™ ions at the respective 
electrodes, H,SO, will prevail in the solution. 0.01 faraday of 
el tricity will result in 0.01 equivalent of acid. 
Example 4. 4 current of 40 microampere is passed 
through silver nitrate solution for 16 minutes using platinum 
electrodes. 50% of the cathode is occupied by a single atom thick 


silver layer. Calculate the total surface area of the cathode if one 
silver atom occupies 5.5 x 107° cm? surface area. 
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Solution: Mass of silver deposited may be calculated 
according to Faraday’s first law of electrolysis. 


_ IE 
96500 
_ 40x 10° x 60x 16x 108 
ie . 96500 


= 42,976x 10° g 
* Total number of deposited ‘Ag’ atoms 
_ 42.976x 10° 
108 
= 2.3967 x 10!” atoms 


x 6.023 x 1073 | 


Surface occupied by deposited silver 


= number of silver atoms area occupied! by-a-single atom ——__—_- 
93967 KIO KX S.SKIO 


= 131.818 cm? 


Since, sported: silver occupies 50% of total area of cathode, 
hence, 


Total surface area of cathode = =2x (31. 818 
= 263.636cm" 


7 SEXample 5. A pin of 2.cm length and 0.4 em diameter was 
placed in AgNO, solution through which a 0.2 ampere current 
was passed for 10 minute to deposit silver on the pin. The pin was 
used by a surgeon in lachrymal duct operation. The ens, of 
silver and electrochemical equivalent are 1.05 x 10*. kg m™ and 


1.118x 10° kg/coulomb respectively.. What is: the thickness of - 


silver deposited on the pin? Assume that the tip of the. pin 
contains negligible mass of silver? — 


Selution: | From Faraday’s first nak 
W = Zit 


= 1.118x 10 x0.2x 10x 60= =134%10° kg 


ya 134X108 os ainy, 10°78 m? 
dq 1,05x10 


-=1.277x 10 cm? . ... (i) 
" Surface area of pin = 2nrh 
=2x3.14x0.2x2 
=2.512cm? 


Surface area may be treated as that of a rectangle of length ‘h’ 
and breadth 2nr. Let the thickness of the coating be ‘d’ cm. Then 


Volume of the occupied metal = 2.512 x d cm? v Gli) | 


From equations (i) and (ii), we get 
1.277x 10? =2.512xd 
d = 0.5083 x 107 cm 
= 5.083x 10° metre 
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imple 6. The specific conductivity of a saturated 
solution of silver chloride is 2.30x10°° mho cm“, at 25°C. 
Calculate the solubility of silver chloride at 25° Cif h ae = 61.9 
mho cm? mol ™ and der = 76.3mho cm* mol |. 


Solution: Let the solubility of AgCl be s gram mole per litre 


Dilution = 1000 


Nagel = Anat tho 


= 61.9+ 76.3. 
= 138.2 mho cm? mol”! 
Sp. conductivity X dilution = AX.) =138.2 


-230x 10x ae 138.2 ae 
: - es Ricicaesnits aes 
ee =1.66X 10" mol per litre 


= 1,66x 107 x 143.5 gL 
= 2382x107 gL! 


‘xample 7. Resistance of a solution ) is 50 ohm and 
th of solution (B) is 100 ohm, both solutions being taken in the 


_ same conductivity cell. If equal volumes of solutions (A) and (B) _ 


are mixed, what will be the resistance of the mixture, using the > 
same cell? Assume that there is no increase in the degree of 
dissociation of (A) and (B) on mixing. 

Solution: Let us suppose Kk, and, are the specific 
conductances of solutions ‘A’ and ‘B’ a aa and cell — 
constant is ‘ y. We know that, 


Specific conductance = Conductance x Cell constant 


, 1 
For (A), K, =—-xX 
ot (A) l 50 y 
. For (8), Ky =—=xy 


100 
"When equal volumes of (A )and (B) are mixed, the Joitie 


_ becomes double. Then, 


... Ky) +k 
Specific conductance of mixture = —-—~2 


K,+K,_1- 
eX 
2° R 4 


hoo a 
—|—+-——|=—xy 
2; 50. 100) R-. 
Mee ai 
100 200 R 
R= -200/ 3= 66.66 ohm 
- Example 8. A big irregular shaped bicker cahiaiien water, 
ai ic conductance of which was 2.56x 107° mho cm™'. 500g 


of NaCl was then added to the water and the specific 
conductance. after the addition of NaCl was found to be 


* 


818 
3.1x 107° mho cm”. Find the capacity of the vessel if it was fully 


filled with water. (A” NaCl = 149.9 ohm”! cm® eq™') - 


Solution: Let us suppose the volume of vessel is V mL 
Volume containing | equivalent 
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= (6.6x 10% +5.7x107*)x 96500 
= 118.69 ohm” cm? eq”! 


Example 11. For the cell reaction, 


Volume Mg | Mg** (aq.)\| Ag* (aq. )| Ag 
Mose ecivaleneraas? calculate the equilibrium constant at 25°C and maximum work 
= CS. a that can be obtained by operating the cell. 
00/58.5 8.547 ; ; 
. 5 Bo SSO Tole aid Boe! 4 bie 
Specific conductance of NaCl Mg” i Mg Ag’ / Ag 
= Specific conductance of NaCl solution Solution: E°,, =0.80+ 2.37=3.17 volt 
— Specific conductance of water 7 
=3.1x 10% -2.56x 107 log K, = het. 
tat , 0.0591 
= 0.54 x 107 mho cm™ 
=o 


A= « X volume containing T equivalent of electrolyte.) 


“For very dilute solution, when thie big vessel is fully filled ° 


“ANect = 149.9 ohm cm? equ! 


Thus, from-eq. (), 


_. 14992054108 
8.547 


V = 237258.38L 


~~ Example 9. ° 4 0.05N solution of a salt occupying a volume 
between two platinum electrodes separated by a distance of 1.72 
cm and having an area of 4.5cm* has a resistance of 250 ohm. 
Calculate the equivalent conductance of the solution, 

Solution: 


Specific conductance = conductance x cell constant 


= 1,5288x 107 ohm™ em! 


A aye 


@ 


= 1.5288x 107? x 1000 
0.05 


= 30.86 ohm! cm? eq”! 
‘Example 10. At 18°C, the mobilities of NHi and ClO; 
ions are 6.6X104 and 5.7x107 cm? volt™ sec" at infinite 


dilution. Calculate the equivalent conductance of ammonium 
chlorate solution. 
Solution: 


Anu,cio, = nay + A C103 


= Ont +U no, )F 


0.059) 


K, =1.89x 1010 

—AG = maximum work 
= AFE® = 2x 96500 3.17 
= 611810) 


zea: Example 12. Zine granules are added in excess to S0OmL 
of 1.0 M nickel nitrate solution at 25°C until the equilibrium is 
reached. If the standard reduction potentials of Zn** /Zn and 


Ni**/Ni are -0.75 and -0.24 volt respectively, find out the 


concentration of Ni°* ions in solution at equilibrium, (IT 1991) 
Solution: The reaction to be considered is, 


Zn(s) + Ni>* (ag. )==* Zn" (ag. ) + Ni(s) 
The cell involving this reaction would be, 
Zn(s) | Zn** (aq.) || Ni?* (aq.) | Ni(s) 


E24, =—0.24 + 0.75= 0.51 volt 


nFE° _ nE® _2x0.51 


lo Ke ae 
Beg 2.303RT 0.0591 0.0591 


So, Kg =1,78x10" 


Let x be the concentration of Ni2* that have been reduced to 
nickel at equilibrium. 


Zn(s)+ Ni** (ag. )=== Zn” (aq. ) ‘ Ni(s) 
(1.0—x) x 


: Qty 
Kyq =) 21.78 x10" 
[Ni] G-% 
x=1.0M 
1.0 


So, (—x)=[Ni2*]= =5.6x1078 4 


~ 1.78 x10" 


Example 13. The standard reduction potential of 
Cu** /Cu and Ag* | Ag electrodes are 0.337 and 0.799 volt 
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respectively. Construct a galvanic cell using these electrodes so 
that its standard emf is positive. For what concentration of Ag* 
will the emf of the cell at 25° C be zero if concentration of Cu”* is 
0.01 M? (IT 1998) 


Solution: Given, E° he 0.799 


Cu 2 Cu 
volt. The standard emf will be positive if Cu / Cu ad 
Ag” / Ag is cathode. The cell can be represented as: 


Cu|Cu* || Ag* |Ag 


The cell reaction is, 


= 0.337 volt and Eat 


is anode and 


Cu+2Ag*—— > Ca** 4 2Ag 


_ 819 


(ii) Eq = 0.78 + = log (1077 ? 


[For neutral solution [H *]=107 M] 
= 0.78- 0.0591 7 
= 0.367 volt 


'- Example 15. The emf of a cell peer to the 
reaction, 


Zn + 2H * (ag.)——> Zn™* (0.1M) + Hy (g) Latm 
is 0.28 volt at 25°C. Write the half-cell reactions and calculate 


. the pH of the solution at the hydrogen electrode. 


Eom im ~0.76 volt and Eas bias =Q 
Ea, = Oxid. potential of anode + Red. potential of cathode ? 
=— 0.337+ 0.799 _ + —— Solution: ‘ ee = = 0.76 volt _ 
2 1eovee nee. 
F ‘ ; 2+ + 
Applying the Nernst equation, a2 Eve = Ee 0.0591 log [Zn als 
Bo, = £2, — 2.0591 jg [Cu] : [H"] 
cell ™ “cell ~ 3 
2 | [Ag*] 0.28= a 
ceh ™ 7 : 
” 2 [Ag ee wae or 
[Cu 2+ ] ~ 0.462 2 log 0.1- log [H* ie = 16.2436 [Since, — log [H* ]= pH] 
or — = = 15.6345 te ee 
[Ag*}) 0.0591 2 pH = 16.2436 — log 0.1 
by! : 
(Cu "] = 4.3102% 108° =O - 8.6218 
[Ag*]’ an. 
a 0.01 Example 16. Calculate the solubility product constant of 
[Ag’ ]" = rerers Agl from the following values of standard electrode potentials. 
= 0.2320 10717 Ping = 0.80 yolt and Ey Agl 1 Ag ‘. —O0.15 volt at 25°C. 
= 2.320 107" Solution: Solubility product of AgI = ([Ag* |[I 7] 


[Ag* ]=1.523 x10? M 
Example 14. The standard reduction potential for the 
half- cell having reaction, 
NO3 (aq. )+ 2H* (ag.)+ e& —— NO,(g)+ H,0 
is 0.78 volt. 
(i) Calculate the reduction potential in 8 M H*. 


(ii) What will be the reduction potential of the half-cell in a 
neutral solution? 


Assume all other species to be at unit concentration. O87 +4 .23 
Solution: () Applying the formula, 
0.0591 log [H* 2 


oO 
ved = Bed + 


= 0.78 + log 8? 


0.0591 
2 


-= 0.78 + 0.0591 x 3 x 0.3010 
= 0.833 volt 


[Note: See chapter 10 for solubility product.] 


Two half reactions for the cell are: 
Ag —>Ag* +e7 Anode (Oxidation) 


Agl +e” —— Ag+ Cathode (Reduction) 


Cellreaction Ag] —>Ag* +17 


Applying Nernst equation, 


+ ns: 
0.0591 [Ag" JIT] 


Eee = Fis S 5 
MT u 7 [Agl] 
At equilibrium, £,., =0.and [AgI]=1 


E° . 
So, log{Ag* ][I7 ]}=—StL 
g[Ag* ]{I"] aool 


E24, =-0.80- 0.15 = - 0.95 volt 


820 


0.95 | 
log [Ae* iI" Ja- ——- = - 16.0744 
tog | g* [I ]= Oso 


Solubility product of Agl =8.4x107)7 © 


- Example 17. The standard reduction potential of Ag*/ Ag 
electrode at 298K is 0.799 volt. Given for Agl, K » = 8.710", 
evaluate the potential of the Ag* /Ag desi. ina saturated 
solution of Agi. Also calculate the sandard reduction potential of 
- the I~ / Agl/Ag electrode. (IIT 1994) 

Solution: 
reactions are: 


Agl +e —— Ag+" Cathode (Reduction) 


Ag —~ Ag* +e” Anode (Oxidation) 


In the saturated solution of Agl, the half-cell 
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0.25 = 0.0591 pH 


Ha 243 
0.0591 
36 0.0591, [H*] 
0) Ext = Eat > 8 Pa, 
+ 
= 0.0— 0.0591 log ad yo 
0.3 = 0.0591 pH 
pe es Oe 
0.0591. 


vi Example 19. The emf of the cells obtained by sombinine 
zinc and copper electrodes of the Daniell‘ cell with calomel’ 


electrodes aré 1.083 volt and = 0.018 volt respectively at 25°C. If in 


——eatheattar Rg SAP — wae 


Eating =F tthe +.0.0591 log [Ag* ] 


[Ag* JI” J=K,p(Agl =[Ag* P = (17 | 
So, : [Ag* ]? =8.7x1077 


~ [Agt]= 8.7 x10"? =9.3 x10 


- Substituting ihe: value of E and [Ag*] in the above 


gt /Ag 
_ equation. 


; ~9 
Es *yag = 0.799 — pOs ries O10 ) 


i) 324 volt 
Eo, = 0.0591 log K y(Agl) 
= 0.0591 log (8.7x 107" i 
=~ 0,95 volt 


Ev. = Oxid. pot. of anode + Red. pot. of cathode 


Red. pot. of cathode E° ~ 0.95 — (—0.799) 


I IAgVAg 


= -— 0.95 + 0.799 
=-0.151 volt 
Example 18. Calculate the pH of the following half-cells 
solutions: 


(a) PtH, (1atm)| H * (HCI); E=0.25 volt 


(b) PtH, (latm)| H * (H,SO, ); E=03 volt 


Solution: (a) H, —> 2H * + 2e 
o  _0.0591 05 [H*} 
Ho/H 2 Pay 


Em 7 


+ 
= 0.0 — 0.0591 log a 


the reduction potentiat 0 normal calomel electrode ts¥ 0.28 volt, . 
Jind the emf of the Daniell cell. 


Solution: For the cell Zn electrode || Calomel olécifode 


Een = Oxid. pot. of Zn electrode + Red. pot. of calomel electrode 


So, oxid. pot. of Zn electrode =i 083 — 0. 28 = = 0. 0.803 volt 
For the cell, a 


_ Cu electrode || Calomel electrode 
Eva * = Oxid. pot. of Cu electrode + Red. pot. of calomel electrode | 
So, oxid. pot. of Cu electrode = — 0.018 — 0.28 = — 0.298 volt 


For the Daniell cell, 


Zn electrode || Cu electrode 
E .e, = Oxid. pot. of Zn electrode + Red. pot. of copper electrode 
= 0.803 + 0.298 = 1.101 volt 


Example 20.. The Edison storage cell is represented as: 
Fe(s)| FeO(s)| KOH (aq. )| NEOs (s)| mS 
The half-cell reactions are: 
Ni,0,;(s)+ H,O(1) + 2e7 — ate + 20H"; 
=+ 0.40-volt 
' FeO(s)+ H,0(1)+ 2e7 area) 20H; — 
SBS 0:87 volt 


(a) What is the cell reaction? 


(b) What is the emf of the cell? How does it depend o on the 
concentration of KOH? 


(c) What is the.maximum amount of energy that can be 
obtained from one mole of Ni,O,? (AIT 1994) 
Solution: Actual half reactions are: 


Fe+ 20H” ——> FeO + H,0+ 2e° Anode (Oxidation) 
Ni,O, + H,Q+ 2e ——»2Ni0+ 20H” Cathode (Reduction) 
Thus, the cell reaction is: 
(a) Fe + Ni,0; ——> FeO + 2NiO 
vy) 
0.0591 lo [NiO}“ [FeO] _ Fe 


by ge SES = 
: ) cell cell 2 [Fe][Ni, O; ] cell 
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[NiO] [FeO] 

” [Fe][Ni,O; ] 
= 0.87+ 0.40= 1.27 volt 

The emf of the cell is independent of KOH concentration. 


[Since =1 as all are solids] 


(c) Maximum amount of electrical energy 
= nFE “is ; 
= 2x 96500 x 1.27 
= 245.11kF 


. ° Example 21. The normal oxidation potential of zinc 
referred to the standard hydrogen electrode is 0.76 volt and that 
of copper is — 0.34 volt at 25° C. When excess of zinc is added to a 
solution of copper sulphate, the zinc displaces copper till 


Se RS STE TE TEM A PU MCT ONC G ORTON OES, Zn 


0.0591 | [Hg3* }[Fe** }? 


0s EF. - 
cell 2 [Fe** i‘ 
oe oO 
~ (Eiestig3* +E mot ipa ) 


ae 
10° x 95)( 107 x 95 

0.0591. 2x 100 100 ; 

me log . aE Ae. eee ee 


2 
20 103 x5 
. 100 
3 0.0591, _ (95)? x 10° 
E el ttg3* = ~ 0.77 + ——— 7 log SR a. 
= —(0.77 + 0.0226) 
= — 0.7926 volt 


———-——to €r*-ions-at equilibrium? 
Solution: The reaction is, 


Zn + CuSO, ——> Cu + ZnSO, 


or Tat Cut? — 5 Ca+Zn7* 
a oe ere. 0.0591, [Zn]. 
Ey = Eee cell lero 4 
2 [cu**j 


At equilibrium, FE, = 0 


2 _, 0.0591 | [Zn**]. 
cell 2 [Cu?*] 


2 2a) en 
[Cu**] 0.0591 


« 


or lo 


(Eeey = 0.76 + 0.34 = 1.10 volt) 


Cow 32 
0.0591 
2+ , 
ae = 1,679 x 1027 21 
[Cu ae 


4 Example 22. An excess of liquid mercury is added to an 
acidified solution of 1.0x 10° M Fe**. It is found that 5% of 


Fe** remains -at equilibrium at 25°C. Calculate E., 


gst /Hg 
assuming that rs only reaction that occurs is 
2Hg + 2Fe>* —+Hg?* + 2Fe** 
(Given, E gee = 0.77 volt). (IT 1995) 


Solution: 
2Hg + 2Fe** ——-» Hg3* + 2Fe* 
107 x5. 10°x.95 10° x95 
100 2x100 «100 


At equilibrium, excess 


At equilibrium, E,, =0 


oS ‘xample 23. Prove that for two half reactions having 
potentials E, and E, which are combined to yield a third half 
reaction, having.a potential E 3: 


Be Lt Le? 
ny 
Solution: AG, =AG, + AG, 
-n,FE, = n, FE, = n FE, 
or n3E, =n, BE, +n, £, 
or : EB, = mE) + ng E, 
ny 


- Example 24. What is the standard potential of the TI** /TI 
electrode? is ps , 
TP* 4+2e —3TI*; E° =1.26volt 
Tl* +e —>Tl E° =~ 0,336 volt 
Solution: , 
TI** +2e° —+TI*; nFE° =2x1.26x F =2.52F 

Tl* +e —->Tl; nFE° =1x (-0.336)x F =-0.336F — 
Adding 
2.52F —0.336F — 2.184 
nF 3 
=0.728volt 


“Example 25. Calculate the minimum mass of NaOH 
required to be added in RHS to consume all the H* present in 
RHS of the cell of emf + 0.701 volt at 25°C before its use. Also 


Tl" 4367 — Ti: B°= 


report the emf of the cell after addition of NaOH. 


Zn| Zn** || HCl | Pt(Hog); Eo 


= 0.760V 
a+. 
0.1M 1 litre ~ 1 atm nee 


Solution: The cell reaction is, 


Zn + 2H * —»Zn™* +H, 
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Applying Nernst equation, 


-13 
= 050g ee 


> 0.0591,  [Zn**] 0.001 2.8x10°1° 
E ce = E° —- —— log ——, 
2 [H" ] = — 0.0371 volt 
In? The cell potential is negative; therefore, the cell: reaction is 
0.701 = 0.760—- ONS”) log [Zn] non-spontaneous. For spontaneous reaction emf should be 
2 [H*} positive. Therefore, the correct cell reaction is 
: Ag| AgBr: KBr|| KCl, AgCl |Ag 
Ss og Zn **] _ 0.08912 _ Anode Cathode 
oF P 0.0591 _ Example 27. The following electrochemical cell has been 
Ine set-up, 
or af Vs =10° Pt(l)| Fe** , Fe** (a =1)||Ce 4 Ce ** (a= 1)Pt(2) 
[H*)? 
A E° (Fe** /Fe** )=0.77.V; E° (Ce* /Ce** )=1.61V © 
[H* ]? =— == 1077 If an ammeter is connected between the two platinum electrodes, 
10 predict the direction of flow las current. Will the current increase 
ee ——— FH T= 0.0316 mor L | Or decrease With time? CHT 2006) 
A Sotution:— Current will flow fr amulet Tediiction potential 
Thus, 0.0316 mol/litre of NaOH is Boras to neutralise H” electrode to lower reduction potential electrode, i.e., from Pt(2) 
ions. 


Mass of NaOH = 0:0316 x Mol. mass of NaOH 
= 0.0316 x 40= 1.264 g 


---After addition: of NaOH; the solution becomes netitral; i & ;the ~~ 


concentration of H * ions in cathodic solution becomes 107”. 
Applying again Nernst equation, 


0.0591 [Zn7* ] 

Egy = Econ - 85 
<a [H"] 
0.760 — 2.059! 0 


log ae = 0.3759 volt 
qory 


Example 26. For the galvanic cell, 
Ag | AgCl(s), KCI (0.2 M )|| KBr (0.001M), AgBr(s)| Ag 


Calculate the emf generated and assign correct polarity to each 


electrode for the spontaneous process after taking into account 


the cell reaction at 25° C. 


Given, Ky jac) = 2.8X 10-2 K yy Agar =33x10""% 


GIT 1992) 
Solution: 


E cell = E Oxid. pot. LHS electrode +E Red. pot. RHS electrode 


o 


r E oxia. pot. AglAg* — 0.0591 log [Ag* ILus v Boa pot. Agt fAg 
+ 0.0591 log [Ag* Irs 
+ 
= 0.0591 log LAS_leus [Since Bi # Ek tO 
[Ag* ic ache Ag’ /Ag 
K sy agpr 
= 0.0591 log BY) 
sp AgCl 


[cl] 


electrode to Pt(1) electrode. 
Eos, =1.61- 0.77 = 0.84 volt 


Example 28, Copper sulphate solution (250 mL) was 


‘electrolysed using a platinum anode and a copper cathode. A 
constant current of 2mA was passed for 16 minutes. It was found 
that after electrolysis the absorbance of the solution was reduced 
to 50% of its original value. Calculate the concentration of 
copper sulphate in the solution to begin with. GIT 2066) 

Solution: Number of ie passed through the aqueous 
solution of CuSO, 


_ Txt _ (2x107%)x 16x 60 
96500 96500 


Thus, number of equivalents of CuSO, involved in 
electrolysis from 1 litre solution 


'=4x1.98x 10> = 7.92x 10° 


=1.98x 107 


Since, after electrolysis, the absorbance reduces to 50% hence, 
initial number of equivalents of CuSO, per litre 


= 2x 7.92x 10° 
= 1.584 x 10% 
or Normality of CuSO, solution = 1.584 x 1074 N 


Example 29. A silver electrode is immersed in saturated 
Ag,SO,(aq.). The potential difference be:.veen silver and the 
standard hydrogen electrode is four’ te be 0.711 ¥ Determine 


K ,, (Ag, SO, ). (Given, ae = 0.7997 ) arr 2000) 
Solution: The cell may be represented as: 


Pt(H, 1atm)|H *(1M)||Ag* (salt) | Ag(s) 
Een = E+ ag ~Ey *TH, 


= 0.799 ~ 0 = 0.799 V 
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Given, emf of the cell = 0.711 V 


H, + 2Ag* —> 2Ag + 2H* 


| 823 


Example 32. The standard potential of the following cell 
is 0.23 F at 15°C and 0.21 V at 25°C 


PtH, (g )| HCl(aq. )|| AgC(s) | Ags) 


Qpyy +72 242 
] 
= [Ag] a = = == : ‘ (i) Write cell reaction. 
[H,|[Ag™]" 1x{Ag"]" [Ag"] (ii) Calculate AH° and AS° for the cell reaction by assuming 
: : that these quantities remain unchanged in the range 15°C to 
; t 
Applying Nernst equation, 35°C 
pope Oe cg (iii) Calculate the solubility of AgCl in water at 25°C. Given 
the standard reduction potential of the Ag* / Ag couple is 0.80 
= _ 0.0591 1 volt at 25°C. CUT 2663) 
or 0.711= 0.799 log 10 [Ag* z Solution: (i) Electrode process: 
3H,— Ht +e” (Anode) 
[Ag* ]=.0.03243 mol L 
: AgCl+e” ——»Ag+Cl (Cathode) 


K » =[Ag* [S03 ]=(0.03243)” x (0.016215) =1.705 x 10°. 


. Example 30. Calculate the equilibrium constant for the 
reaction, 


~-Fe** +Ce™ s=tce™ + Fe* 


Given, E° ee = = 1.44 Vand Bae pec » = 0.68V 
[HPF (uly) 1997] 


Solution: ope = 959g K. 
Ec = Ee 2+ ppt + Ee co 
=— 0.68+ 1.44=0.76V 
0.76 © 
log.) K. =——— = 12.8814 
Pee 6.050 
K, =7.6x107 
Example 31. Find the solubility product of a saturated 


solution of Ag,CrO, in water at 298 K if the emf of the cell 
Ag | Ag* (satd. AgyCrO, soln.)|| Ag* (0.1M )| Ag 

is 0.164 ¥ at 298 K. GIT 1998) 

+ 
0.059 ie [Ag Inns 
| [Ag” ius 

_ 0.164= oe? log a 

1 [Ag” Ixus 

tus = 1.66 10* M 

1.66 10 
2 


K spag2C104) =[Ag* ]/[CrOf¢ ] 


Solution: Een = 


or. [Ag* 


So, [CrO?" |= 


-4 
= (1.66x 10)? a | 


= 2.287« 107 mol? L? 


SH, + AgCl == H* + Ag + Cl" 


(ii) We know that, AG° = AH° -T AS° 
~22195 = AH° — 288x AS° 
=20265= AH? 308 x AS °° 


On solving, AS ° = — 96.5J, AH° = 49.987kJ 
(iii) Papin! log ig Q 
Atequilibrium, £=0,Q=K=[Ag*][CI"] 
“0=(0.8- 0.22) + °°" tog K 


sp 


(= 0.8+ 0.22) |. 
0.0591 oe 
K,=14Txo™ 


S= IK» 
=yl ATx 1071? = 1.21x 10° M 


Example 33. Two students use same stock solution of 
ZnSO, and a solution of CuSO,. The emf of one cell is 0.03V 
higher than that of other. The concentration of CuSO, in the cell 
with higher emf value is 0.5 M. Find out the concentration of 
CuSO, in the other cell. ema = 006| 

oF. 
Student I. . 

Zn(s)| ZnSO, (C, iL 0.5 M CuSO, | Cu(s) 
_ 0.06 06 1, Be Cy. 
a ari 5 . 
Zn(s) | ZnSO,4(C,) Hi Cuso, (C5)1 Cus) 


Solubility, 


GT 2603) 
Solution: 

=F oN .. (i) 
Student II. 


Bee ae ee ... (il) 


824 


‘oan 208 Melo. (05 . 


oe 8 05 
Cy* 
roe = “0, 05M 
com ‘Example 34, Find the equilibrium constant fort the 
reaction, 
In + Cu* == In + Cu" at 298K © 
Given: Eo 0,4 = 0.15V; Eo Int =~ 04 volt 
7 ey 
B pejge = Ae volt (iT 2008) 

Solution: The given reversible reaction can be obtained as, 

Cu** +e7 —>Cu*; AG? =-0.15F -sAG° =—nFE° 
————----- Jn 2t-+-e= Int 


-0.84F 
Cu* +In* =In* + Cut; AG? =-0.59F 
—nFE° =—- 0.59 F 
E°=0,59 volt. 
Equilibrium constant can be calculated as, 


° 
Ke antilog nE® 
0:059 


= antilog [xO aah 2 )- 10'° 
0.059 |. 
xample 35. In which direction can the reaction, - 
2Hg (1) + 2Ag* (ag.) == 24g(s) + Hez" (ag.) 
proceed spontaneously at the following concentrations of the 
ions participating in the reactions (i) and (ii) ? 
(i) [4g*]=107 mol LE! and [Hg3* |=10" mol Lt 


th? Sin +2e ;AG° = 


een GO ee QA Fane nr ee nites 
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(i) [Ag*]=107! mol L' and [Hg2* |= 107 mol 


Given: — = 0.79 V; ree =0.80 V 
; [CBSE (Mains) Medical 23 506) 
rf H ~_ 
Solution: @ O= st} = ace = 10’ 
[Ag*P flo*/ 
o_ re _ pe 
E a ere Ea3* Hg 


= 0.80 - 0.79= 0.01V 
0.059 


E=E°-———logQ 
=0.01- 0 03° log 10’ 
2 a ef 
== 0.1965 V__ 


Negative value shows that the reaction will preced ee right 
to left, i. e.,in backward direction. 


2+ —4 
[Ag" ee Be 
" n=2 
E° =0.01 volt 
B= Ee ogi 
= 0.014 0.059 V 
= 0.069 V 


Since, the value of cell potential is positive, the reaction will 
proceed spontaneously in forward direction. 


9 UMMARY AND IMPORTANT POINTS #0 REMEMBER 


1. Electrochemistry is ‘a branch of € piysicat Shetiisiy 
which deals with the relationship between chemical energy and 
electrical energy arid how one can be converted into another. The 

'. subject is divided into two categories: (i) use-of electrical energy 


to produce chemical changes (electrolysis) and (ii) conversion of. 


chemical energy into ‘electrical energy (predation of electricity 
by spontaneous redox. reactions).” 

2. Conductors are the sabeiances which allow ‘the passage 
of electric current through them. Those which do not allow the 


flow of electric current through them are > called insulators. 


Conductors are of two typés: _ 
(a) Metallic or electronic. conductors are those which 


remain. unchanged as current flows “through them: These. 


conductors transfer electric current by. transfer of electrons 
without transfer of matter. Metals such, as 3 Cu, AB, Al, Pt,-ete., 


non- metals like carbon (graphite and various sllove: belong te to 
this class. 

{b) Electrolytic onmactnrs are the conductors like : aqueous 
solutions of acids, bases and salts or substance in molten state . 
which allow the flow of electric current with chemical 
decomposition. These conductors are termed as electrolytes. The - 


- substances whose aqueous solutions du not conduct electric 


current are called non-electrolytes. 
To pass the current through an electrolytic conductor; two. 


_metallic rods or plates are required. These are termed electrodes. 


The electrode which is connected with the positive terminal ‘of 
battery or through which electric current enters the solution is 


’ termed anode and the electrode which is connected with negative 


terminal of battery or through which electric current leaves the 


_ Solution is termed cathode. Actually the anode is the electrode 
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where oxidation occurs and the cathode is the electrode where 
reduction takes place. 

3. . Electrolysis is-the process sue chemical decomposition of 
an electrolyte by passage of electric current through its aqueous 
solution or molten state. Molecules of the ‘electrolyte when 
dissolved in water split up into cations and anions. On passing 
electric current these ions move towards their respective 
electrodes. On reaching electrodes ‘these ions lose their charge 
either by losing or accepting electrons and thereby deposited at 
the respective electrodes or undergo a secondary change. The 
device in which electrolysis is carried out is known as 
electrolytic cell. , 

4. Preferential discharge theory: ‘If more than one type 
of ion is, attracted towards ‘a’ particular electrode, then the ion. 
discharged is the one which requires least energy. 

The. Gerieasine: order of the discharge potential or + the 


= 1.6x10-” coulomb 
1 coulomb = 6.24 x 10" electrons 
Charge on one mole of electrons 
= 6.02 x 107 x 1.6x 107 


= 96500 coulomb 


Applications of electrolysis: (i) Determination of 
equivalent masses of elements (ii) Electrometallurgy 
(iii) Manufacture of non-metals (iv) Electroplating of metal 
(v) Manufacture of compounds (vi) Electroplating—The process 
‘of coating an inferior metal with a superior metal by electrolysis. 

6. Arrhenius theory of electrolytic dissociation: - It was 
put forward by Arrhenius in 1884 to explain the properties of 
See Olyte solutions. The main ipoins of the eA are: 


"ye pes of cae grile- called us-Then-oming 


vat’ Anions 


Cations‘: K'* Nat, ca, Me?*, Al*, Zn”*, H* ca, Ag*, Au 
“soy, NO;, OH*, cr, Br T. 


8, Faraday’ s laws of electrolysis: These present the 
‘rélationship ‘between the quantity of electric charge and the 


“amount of the substance deposited at the electrode. These were 
elven by: Faraday i in 1834, 


() First law: » “When an electric current i is s passed fitongh an 


x electrolyte, the amount of substance deposited is ‘proportional to ~ 


_ the. somes of electric charge wee flows through the 
‘electrolyte. 


Mathematically, 2 W <Q . 
or . pwazgezxrxt 


where, Zi is a: : constant, known as electrochemical equivalent Ti is 
_the current in amperes and ¢ is the time in seconds. When Q= =. 


coulomb or.one ampere of current is passed for 1 second, W = 4. 
‘Zis thus the mass of the ‘substarice deposited by one coulomb. 

(ii) Second law: When ; the same quantity of current. is 
- passed. through ‘different electrolytes, the masses of different 


'. substances deposited on the electrodes will be in the ratio of their _ 
. equivalent masses. For example, if same quantity ‘of current is: 


passed through copper ‘sulphate and silver nitrate solutions, then 
_Mass of: copper deposited — Equivalent ‘mass of. copper 


“Mass of silver deposited ~ Equivalent ‘mass of silver 


One gram: equivalent of : any substance i is deposited by passing : 


‘same amount of charge, i. e., 96500 coulomb (1 faraday). 


Es Z x 96500 
or. . 
7 . ~ 96500 
The change carried by a anion = aelaee coulomb 
6.02 x 10? 
When; n = ly . 2 ao | 
The findapenals unit of charge = a _ 96500 
6.02 x 107 


6.02x 102 


' positive charge is called cation and the ion carrying neRANVe 


charge is called anion. 
AB = A? (cation) + B™ (anion) 
‘ (ii) The process of splitting of the molecules of the electrolyte 


into_ions is-called ionisation._The_fraction_of the total number of —_. 
‘molecules present in solution as ions is known as degree of 


ionisation. 
_It is denoted by‘ a. 

_ Number of molecules dissociated into ; ions 
Total number of molecules dissolved 


The degree of ionisation depends upon: (a) Nature of solute 
(b) Nature of solvent (c) Dilution and temperature. 

*. (iii) ‘ons present in solution constantly.reunite to form neutral 
molecules; thus, there is a state of dynamic equilibrium between 
ionised and unionised molecules. 

AB=—A ++ Bo 
ee 1B" ! = ak Gionisation éotisiant) 
[AB] | 


(iv) The ions are discharged always in equivalent amounts 
when current is passed through electrolytic solution no matter 


_what their relative speeds are. 


(v) The electrolytic solution is always neutral in nature as the 


- total charge on cations is equal to the total charge on anions. 


However, it is not necessary that: the number of cations and 


_ anions should be always equal. . 


-(vi) The properties of electrolytes in solution aie- the 
properties of ions present in the solution. ~ 

(vii) The ions act as molecules for colligative properties.. 

(viii) The conductivity of the solution depends on: the nature 
and number of ions. 

. Evidences in favour of Arrhenius theory: @ Ohm’s law 
applicability: No part of the. current is used in splitting up the 
molecules into ions. (ii) X-ray studies have shown that ions are 
present in solid electrolytes. The ionic compounds in molten state 


. behave as good conductors. (iii) Ionic reactions are observed in 


the case of electrolytes. (iv) Constant value of heat of _ 
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neutralisation. (v) Abnormal colligative properties in the case of 
electrolytes. (vi) Colour of compounds in solution. (vii) This 
theory explains satisfactorily various phenomena such as 
electrolysis, conductivity, salt hydrolysis, etc. 

7. Conductivity is the property of the conductor which 
facilitates the flow of electricity through it. It is equal to the 
reciprocal of resistance. 


l 
Conductivity = = =— 
Resistance R 


It is expressed as ohm! or mho. 

Specific conductivity is defined as the Taped of specific 
resistance; i.e., it is the conductance of 1 cm? of a conductor. Iti is 
represented by the ee K. 


K= ad a X conductivity 
DG. 


A _ Equivalent conductance at given concentration 


Ax Equivalent conductance at infinite dilution 


9. Galvanic or Voltaic or Electrochemical cell: It is the 
device in which chemical energy is converted into electrical 
energy. In this cell a redox reaction is carried out in an indirect 
manner and the decrease in free energy during the chemical 
process appears as electrical energy. _ 

The common galvanic cell, dry cell and the lead storage 
battery are the devices for converting chemical energy into 
electrical energy. Daniell cell is the typical example of galvanic 
cell. It consists of two half-cells, one containing zinc electrode 
dipping in Solution of. zinc sulphate (1 M_) and another.containing. 
copper electrode dipping in solution of copper sulphate (1 M7). 
Zinc electrode acts as anode. At this electrode oxidation occurs. 


Zn — Zn" +2e”. Copper electrode acts as cathode, At this 


wes 


where, 1= distance bebwoon—elestodes—end-—e—areaof 


electrode reduction. occurs, cu2* 4 Jen Cu When the-two____ 


cross-section of electrode. 


In the case of electrolytic solutions, specific conductance is 


the conductance of a solution of definite dilution enclosed in a 
cell having two electrodes of unit. area separated ty one 
centimetre, The units of specific. conductance. are. ohm! 


m7. 


half-cells are connected by a salt bridge and the metal electrodes 
are joined externally, the electrons from zinc electrode, (—ve 
electrode) move towards copper electrode (+ve electrode), i.e., 
current flows from cathode to anode. The cell reaction is: 


Zn+-Cu2t Fn +E 


The ratio of // ais called cell constant. 

Equivalent conductance: Conductivity of a soigtion 
containing 1g equivalent of the electrolyte. It is denoted by ‘A‘ If 
the concentration of solution is C g equivalent per litre, then 


Aone 1000 
C 
or AS KX 


where, V is the volume in mL containing lg equivalent, of the 
electrolyte. The unit of equivalent conductance is ohm! cm? 
= 

equiv 

Molar conductance: Conductance of a solution containing 
1 g mole of an electrolyte. If V is volume in mL containing lg 
mole, then 
Molar conductance, p = K XV 


If Cis the concentration of the solution in g mole per litre, then 


ieee 1000 
Cc 


‘Its unit is ohm™! cm? mol7. 


P ; Molar conductance 
Equivalent conductance = ————__--__ 


n 


Molecular mass 
where, = 


Equivalent mass 

8. Kohlrausch’s law: At infinite dilution, each ion makes 
a definite contribution towards equivalent conductance of the 
electrolyte. The value of equivalent conductance at infinite 
dilution for any electrolyte is the sum of conductances at infinite 
dilution of its constituent ions. Thus, 


Aw=A, - A. 
A, and A, are called the ionic conductances of anion and 


cation at infinite dilution respectively. It can be used to determine 
degree of dissociation. 


Salt-bridge allows the flow of current by completing the 
circuit and maintains electrical neutrality. It also prevents _ 
liquid-liquid junction potential. 

‘A galvanic cell is represented in the following 1 manner: 


Salt- i 
LHS RHS | 
Anode (—ve) Cathode (+ve) | 
Zn | Zn?* (1 M) Cu?* (1.M)| Cu 
Oxidation half-cell Reduction half-cell 


Zn — Zn** + 267  €ut* 426 = Cu 


-10. .- Electrode -potential: —-When—a -metal-is~placed--in~a- 
solution of its ions, the metal either acquires a positive charge or 
negative charge with respect to solution. On account of this a 
definite potential is developed between the metal and the 
solution. This potential difference is termed electrode potential. 
The magnitude of potential depends on the nature of electrode, 
concentration of ions and temperature. It is a measure of the 
tendency of the metal to lose or gain electrons or a measure of the 
relative tendency to undergo oxidation or reduction. Depending 
on. the nature of the metal electrode, the electrode poke is of 
two types: 

(i) Oxidation potential: When eras is negatively 
charged with respect to solution, 7.¢., oxidation occurs and the’ 
electrode acts as anode 


M—oM"™ +ne™ 


(ii) Reduction potential: When electrode is positively 
charged with respect to solution, i.¢., reduction occurs and the. 
electrode acts as cathode, 


M"™ +ne 3M 
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‘Standard electrode potential: The potential difference 
developed between metal electrode and the solution of its ions of 
unit molarity (1 M) at 25°C is called standard electrode potential. 

-It. is not possible to measure the absolute value of single 
electrode potential directly. Only difference in potential of two 
electrodes can be measured experimentally. It is, therefore, 
necessary to couple the electrode with another electrode whose 
potential is known. This electrode is termed as reference 
electrode. The emf of the resulting cell is measured 
experimentally. 


Emf of the cell = E anode +£ Cathode 
= Oxid. pot. of anode + Red. pot. of cathode 


Knowing the value of reference electrode, -the value of other 
electrode can be determined. 


Standard reduction-potential = — (Standard oxidation potential) 
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(i) The chemical reaction of the cell stops when an exactly © 


equal external emf is applied. 


(ii) The chemical reaction of the ‘cell is reversed and the 
current flows in opposite direction when the external emf is 
slightly higher than that of the cell. 


Any other cell which does not obey the above two eoiditions 


is termed as irreversible. Daniell cell. is reversible but 
Zn |H,SO, lAg cell is irreversible in nature... P 
15. Prediction for occurrence of a redox reaction: Any 


redox reaction would occur spontaneously if. the free energy 
change (AG) is negative. 

AG° = ~ nFE° where, ‘n’ is the number of slectiuns avalvel 
F-is-the- value -of faraday and-E° is the cell emf: AG° can be 
negative if E° is positive. 

When £° is pone, the cell reaction will be spontaneous and 


Standard oxidation potential = ~ (Standard reduction: potential) 


‘i. “Referénce éléctrode: (Standard* hydrogen ‘electrode, 
SHE): -It is a primary-standard electrode: It consists of a small 
platinum strip coated with platinum black as to adsorb hydrogen 
gas. A platinum wire is welded to the platinum strip and sealed in 
a glass tube as to make contact. with outer circuit through 
-mercury.The-platinum strip-and_glass—tube is -surrounded—by 


changes with the change in concentration of ions in solution in 
contact with the electrode. Increase’in concentration of cations 


results in an increase of reduction potential of an electrode. 


another glass tube which has an inlet for hydrogen gas and a 
number of holes at the base for the escape of excess of hydrogen 


gas. The platinum strip is placed in acid solution which has H* 


ion concentration | M. Puré hydrogen gas is circulated at 1 
atmospheric pressure. The temperature of the cell is maintained at 
25°C. By international agreement, the standatd hydrogen 
electrode is arbitrarily assigned a potential of exactly + 0.000... 


volt. This electrode can act as cathode or anode with EB to 


other electrode. 

The-electrode whose electrode potential is is to be determined is 
connected with SHE and emf of such a cell is determined which 
is taken as the electrode potential of the given electrode. The 
metal electrode which acts as anode with respect-to hydrogen 


electrode, the oxidation potential of the electrode is given . 


positive sign and the metal electrode which acts as cathode with 
respect to hydrogen electrode, the reduction potential is given the 
positive sign. 

12. Emf of a cell: The difference in potentials of two 
half-cells is known as the emf of the cell. 


~ EGey = Red. pot. cathode — Red. pot. anode (E rae ~ Ev.n ) 


= Red. pot. cathode + Oxid. pot. anode 


= Oxid. potential anode ~ Oxid. potential cathode 


13. Some more reference electrodes: Since, a hydrogen 
electrode is difficult to prepare and maintain, it is usually 
replaced by other reference electrodes which are known as 
secondary reference electrodes. These are convenient to handle 
and prepared easily. Calomel electrode and silver-silver chloride 
are used as reference electrodes. The potentials of these 
electrodes are fixed on hydrogen scale but their values depend on 
strong electrolyte concentration. ; 

14. Reversible and irreversible cells: A cell is said to be 
reversible if the following two conditions are fulfilled: 


Consider M" +ne 3M 
a 505 T — frediced form) 

E xed = Ered — 08 

; AF so sed. form] 
t 25°C, a 23087 =0. 0591 - 
and the concentration of metal i is unity. 

no” 010591: ips 
Bed = Ered + log [M ] 


Similarly, consider the en where oxidation occurs. 
M >M"™ +ne™ 


0. 0591 


Lona, a EE oxid, cs a. e lo g [M4 "y 


Cell potential depends on the potential of anode and cathode... 


Ecen = Eanode + E cathode 
= Oxid. pot. of anode — 


= Eexias ~ eee log [Anodic i ion conc. ] 


‘Red. pot of cathode 


0.0591 
+ Een — 


log [Cathodic ion conc. ] 


{Anodic ion conc. | 


0.0591 e 
[Cathodic ion conc. ] 


= ee + Ered a 


o -:0.0591,__ [Products] 
= Eo 0 é 
n [Reactants] 
Se ae 0.0591 lo lion] LHS 
[ion] piss 


17. Electrochemica} series: When the electrodes (metals 
and non-metals) in contact with their ions are arranged on the 
basis of values of their standard reduction potentials or standard 
oxidation potentials, the resulting series is called the 
electrochemical or activity series of the elements. 


4 __—-its-sehition whichis lower in-the series. 
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Characteristics of Electrochemical Series 


(i) ‘The negative sign of reduction potential indicates that an 


electrode when joined with SHE acts as anode. Similarly the 
positive sign of reduction potential indicates that the Plecarode 
joined with SHE acts as cathode. 

(ii) The substances which act as stronger reducing agents than 
hydrogen are placed above hydrogen in series. All those which 
have positive values of reduction potentials and placed below: 
hydrogen are weaker reducing agents than hydrogen. 

(iii) The substances which are stronger oxidising apetits are 
placed below hydrogen in the series. _ 

(iv) The metals at the top have the tendency to lose electrons 
readily. The activity of metals decreases from top to bottom while 
that of non-metals increases from top to bottom. 

(v) A metal higher in the series will displace the metal from 


“Name ofcell.| Anode | Cathode | _ Plectrolyte 
Dry cell Zn Graphite | MnO, +C 

a _ | (around cathode) 

‘NH,Cl + ZnCl, — 

: ge .. | (around anode) 
Mercury cell Zn Graphite | HgO + KOH 
: : | (moist) 
Lead storage} - Pb | . PbO, H,SO, (38% by 
battery le mass) 
Lithium battery Li | Metal sulphide | LiClO, in organic 

= _ solvent 

Ni-Cad cell Cd NiO | KOH solution _ 
Fuel cell Porous carbon Porous carbon | Conc. NaOH or 
(H,-0,) (with catalyst) (with catalyst) | KOH (aq.).. 


20. Fuelcell: The cells which convert chemical energy of 


fuels directly into electrical energy are known as fuel cells. One 


(vi}-A non-metal-higher-in-the-series-(towards bottom-side) 
having high value of reduction potential will displace another 
non-metal with lower reduction potential. 

(vii) The metals occupying top positions in the series readily 
liberate hydrogen from dilute acids. 


(viii) Iron and metals above iron are capable « of liberating 


hydrogen from water. 

(ix) The oxides of metals having low reduction Hoientials are 
thermally stable while the oxides of metals having high reduction 
potentials are thermally not stable. © 

18. Relation between emf and equilibrium constant: 

AG? =~2.303RT log K- 


AG*® ia — AFE cay ; 
So, nFES = 2.303 RT log i 
2. 303RT 5, 
Even oe g kK 
ELA a (T= 298K). 


19. Primary cells are those which have definite - life and 


become dead over a time. These cannot be sechengedl Eames 
are dry cell, mercury cell, etc... 


Secondary. cells: are the: éclis which can be tered by ; 
passing direct current through them. Lead storage battery and. 


nickel-cadmiumn ‘cell: are examples of secondary cells. Lead 
storage battery consists: of spongy lead as anode, a 
packed with PbO, as cathode and an aqueous solution of H,SO, 
(38% by mass or 20% ue of penile. ‘gravity 2.15) as 
electrolyte. ° 


~ Reaction during dacharging : “|e 
Pb +-PbO, + 4H* + 280377 > 
' 2PbSO, +-2H;0 


Voltage 2.0 volt. The concentration | 
of H,SO, decreases during 


discharging. —_ : = 


Reaction during charging 
2PbSO, + 2H,O — Pb + PbO, . 
4H* + 2802" | 


- See “ 


grid of lead 


of such cells is fuel cell (H, -O7) it Which electrical energy is 
generated by the use of H, and O,. In fuel cell NaOH is used as 
an electrolyte and hydrogen gas is diffused at the anode made of 
porous carbon. At the cathode oxygen is diffused through a 
porous carbon. The following chemical reactions occur: 

- Hp —2:2H. et he 
2H+ 20H" > 2H,0+ 2e°. 
(ii) At cathode, O, + 2H,O+ 4e- — 40H” 


Net cell reaction 2H, +O, > 2H,0+ enérgy 

Fuel cells are quite efficient, and free from polinaon: These 
are used in spacecrafts. -: meee 

21. Concentration cells: if. two plates of the same metal 
are dipped separately into two solutions of the same: electrolyte 
and are connected with a salt bridge, the whole arrangement is 
found to acts as galvanic cell. Such: ces are ‘known, as 
concentration cells: These are of two types: oe 

@ Electrode concentration cells 


Pt H; (pressure Pi) lH* tH, (pressure ptt 


If Pi > Po oxidation occurs at LHS electrode and reduction 
occurs at RHS electrode: 


oa log iuire.* a 
2. (Po). 


Gi) Electrolyte concentration cells 


u\M™ Cyl (lM 


(£ cell = 


Zn|Zn"™* (C, Il Zn”* © I Zn 
Ca} is higher than Ce. 


0531 6g Sa 25°C 
C, . 
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ELECTROCHEMISTRY 


\Questions ) 


. Match the List-I with List-II and List-I1: 


1 6. Match Column-I with Column-II: 
List-I List-II List-III : Column-I . ; Column-IT 
(Quantity) (Symbol) Unit): (Combination of half-cell reactions) Len of 
x a: overa 
(a) Conductivity (p) A, (4) mho cm"! process) 
(b) Cellconstant  (q)k ~— (v) cm! (a) (OH + Br == BrO; + 3H,0+6e"  (p) E°= 0.56 V 
(c) Molar conductance (r) A, (w) ohm™ cm? mol E° =-0.61 V 
(d) Equivalent (s) VA (x) ohm cm? eq?! 20H + Br=== BrO” + H,O+ 2e7 
conductance ate we a 
: - se E° =-0.76 V 
2. Match the salts in the Column-I with their use in Column-D: © 
; - 40H + Bro == BrO, + 2H,0+ 4e” 
— €otumn-t —Cohnmn-H ao + 
(a) Hg,Cl, _ (p) Salt bridge (b) 180, + 4H +4e°=— $+ 34,0 (q) E°= -0.535V 
(b) Agar-agar (q) Calomel electrode =045V 
0.1.N KCI Used in ice ¢1 ; 
| a pe : ae = Haiti so; ean +207 ee. +H,0 
i one s) Redox ele € 
= eee ; . B= 0.17V_ . 
"3. Match the Colima-I with Column-I:- oo = - 
ie SO? +8H* Ge = S+4H,0 
Column-I Column-If — 
(Term) (Relation) - o = 9 
(a) & (Degree of ionisation) (p) X*/A (c) ClO; + oH tees Ol. SHO: Oy RY 
Fo =+145V 
b) t, (Transport number) (a) AS. / A® - 
©) 4, oe wld Cl, + 2¢ == 2cr 
: oll Oe eos 
(c) Fraction of'a mole (1) U" (U"+U F°=+136V 


undergoing ionization 
(d) NaCl (s) AS/AY 


(t) A, =A, 


Match the shiyaical sans in the List-I with their units in 
List-II: 
 Listl ~ List-II 
(a) Resistance ~ (p) ohm 
" (b) Resistivity (q) volt amp” 
(c) Conductivity (x) ohmm 
(d) Specific conductance © ohm” m 
Match the Column-I with Column-Il 
Column-I ; Celumn-Ii 


(a) Specific conductance, x (p) AS, / A, 


(b) Molar conductance, A,, (gq) Decreases with dilution 


(c) Resistance of electrolyte (1) nereises with dilution 
solution R 


(d) Degree of ionization of 
weak electrolyte, a 


(s) Increases with increase in 
the distance between 
parallel plates 


7. 


8. 


‘ (a) Concentration cell 
_ (b) Edison cell 


of ae ae + a << 3 a ne 


Fe=? ; 
(d) Zain) + de — Zn(s) E° =~0:76 V (s) E° =+1,47 Vv 
Ag’ +e —-> Ag(s) E° = +0.80 V 
Zn(s)+ 2Ag* == Zn" (aq)+ 2AK(6) 


Ee =? 


‘Match the Column-I with Column-I: 


Column-I Column-Il 


(p) Fe is oxidised by Ni,O, 
(q) Zinc anode 

(c) Mercury cell (rt) HgO cathode 

(d) Dry cell (s) E°=0 

Match the Column-I with Column-I: 

Column-H (Type) 


(p) Reference 
(q) Redox 

(r) Membrane 
{s) Gas 


Column-I (Electrode) 
(a) Calomel 
(b) Glass 
(c) Hydrogen 
(d) Quinhydrone 
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9. Match the Column-I with Column-II: ‘ 10. Match the Column-I with Colunn-I: 
Columa-I Column-II Column-I Column-II 
(a) Kohlrausch law (p) A, / A’, (a) E°=0 (p) Cell is discharged 
(5) An 9) axa 6 - : 0 . ee coulomb 
ceaean () A°,Ca,(PO,), (d) 1 Faraday (s) 1 mol electrons 


(t) Concentration cell 
= 3A°Ca?* + 20° PO" 


(d) 0 (3) 1000 
M 


1 PRE omer eerun 


1. (a—q, u), (b—s, v), (c—p, w), (d—t, x) 6. (a—q), (b—1), (cs), (dp) 

2. (a—q), (b—p, t), (c—p), (d—s) 7. (a-—s), (b P), (c q, T), (d -q) 

3. (a—q, 8), (b—p, r), (cq, 8), (d—t) 8. (a p), (b ‘T), (c 8), (d q) 

A. (a—p, q), (b—1), (cs), (ds) 9. (a—t), (b—8), (c—q), (d—p) 

5. (a—q), (b—1), (c—q, 8), (d—p, 1) 10. (a—t), (b—p, q), (c—p, q), (d—t, s) 


ELECTROCHEMISTRY 


How many coulombs are required for the following 


9. 


1@. 


[Ans. 0.80 g; cathode reaction Cu2* + 2e° ——> Cu; 

anode reaction 2Br: ——> Br, + 2e] 
A current of 1.5 amperes is passed through a-solution of a salt 
of a bivalent metal for 30 minutes. Increase in mass of cathode 
is 0:8898 g. Find the atomic mass of the metal. 


{Ans. 63.6] 
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11. A lead storage battery is discharged in which the following 
reductions? electrode reaction takes place: — 

(i) 1 mole pag ions to Ag Pb(s) + PbO,(s) + 2H,SO,(/) —> 2PbSO,'+ 2H,0 
Gi) pie aes ae % ee oo The original volume in electrolyte is 1 litre. During discharge 
(it); Tomole of Ming, tons t0 MnO, _the concentration of H,SO, changes from 34.6% by weight 
[Ans. (i) 96500 coulomb (ii) 193000 coulomb (iii) 96500 (density 1.261 g/mL) to 27% by weight. How many faradays . 
coulomb] have left the’ anodic half-cell? Water produced during 
Boy many faradays are needed to reduce 2 gram-mole of electrolysis is used up. 

Cu?* to Cu metal? (Ans. 1.254 faraday] 
ae 4 pe Pe ree is 12. The chemical reaction given below: 
Hoy man farted wn 12.7 gofcoper metal” C9) S046) + 2H O42) —9 20a + 3H". 
fAns..0,4-faraday} + HSO,(ag.}____ 
{Hi ts C C 2+ 2A 4 -acid-solution- 

} fete pete (i) Give the half-cell reactions. ~ 
Calculate dhe mnidberopcoulombs required to deposit 40.5 g (li) Ifa fully charged cell initially held | mole of Cl,, for how 
A when the slecttods yenetion (2! many days could it sustain a current of 0.05 ape, 

APt 436 —> Al assuming the cell becomes non-operative when 90% of 
initial Cl, has been used up? 

» ofAns.--4.34-%-10°-coulomb)} <= 8 are ee Sie a cide = Soe Spee Saal al tao 
Calculate the number of coulombs required to deposit 50 g of 3. A : f : : 
silver at cathode from silver nitrate solution. . current of 80 SCT etapet= is passed through a solution of 
(Atomic mass of silver = 108) AgNO, for 32 minutes using platinum electrodes. A uniform 
[Ans. 4675.9 coulomb] single atom thick layer is deposited covering 86% of the 
u cathode surface. If total surface area of cathode is 601.7 cm’, 

ow much electric charge is required to produce 20. 0 g of : 

calculate the area covered by one Ag atom. 
calcium from molten CaCl,? rae 
[Ans. 96500 coulomb] Uses Sate ™ ] 
If 3 faradays of electricity are passed through an iron (II) 14, Anthracene can be electrolytically oxidised to anthraquinone. 
bromide solution, how many grams of iron metal will be -O 
deposited? (At. mass of iron = 56) | 
[Ans. 84 g] 
A certain quantity of electricity deposits 0.54 g of ae from 310} 
silver nitrate solution, What volume of hydrogen will be Se +H, 
liberated by the same quantity of electricity at 27°C and 
750 mm of Hg pressure? 
[Hint Mass of H, _ Eq. mass of H, € 
Mass of Ag Eq. mass of Ag Anthraquinone 
1 x 0.54 What mass of anthraquinone can be produced by the passage 
Mas ers - 108 Rte of 1 ampere current for an hour at 100% efficiency? 
Volume of H, = 2:005 0.0821 x 300 x 760 ( _w. ar) Uae: = iene 8 — 
: 2 2x 750 M P 15. Dal lake has water 8.2 x 10° litre approximately. A power 
= 0.06234 litre ] reactor produces electricity at the rate of 1.5 x 10° coulomb 
In the electrolysis of an aqueous cupric bromide salition, how per second at an Se voltage. How much time would it 
many grams of bromine are formed on passing a current of 1 fake to plectroly ae ine tae! 
ampere for 16 minutes and 5 seconds? Write the anode and the [Ans. 1.9 million year] 
cathode half reactions. 16. How many grams. of H, and O, are. produced during the 


electrolysis of water by a 1.30 ampere current for 5 hours? 
What volumes of dry gases-are produced at NTP? 
fAns. 0.242 g H,; 1.94 g O,; 2.72 litre H,; 1.36 litre O, | 
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17. 


18. 


19. 
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How many coulombs of electricity would be required to 


‘reduce the iron in 36.0 g of potassium hexacyano ferrate(III), 


K,Fe(CN).¢, to metallic iron? 
[Ans. 3.17 x 10* coulomb] 


{Hint: Iron in the complex is Fe** 
K,Fe(CN), +: 3e 
1 mole 3 x 96500 C 
What current strength in ampere will be required to liberate 
5 g of iodine from potassium iodide solution in 30 minutes? 
[Ans. 2.11 ampere] 
The mass of copper deposited from a solution of copper 
sulphate by a uniform current of 0.25 ampere flowing for one 
hour is 0.295 g. Find the equivalent mass of copper. (1 faraday 
= 96500 coulomb) 
[Ans. 31.75] 


__33K* + 6CN- + Fe] 


am The solution of a salt of a metal of atomic mass 112 was 


26. 


27. 


28. 


“electrolysed for 15 minutes with a current of 1.5 ampere. The- 


21. 


22. 


23. 


_ (Ans. 


24, 


‘[Ans. 


mass Of the metal deposited was 0.788 g. Find the ey 0 
the metal. 


[Ans. 2] 
If a monovalent metal ion carries 1.6x 107!? coulomb of 
electricity, what is the amount of creetieny 3 carried ve one 


“gram molecular-mass-of-the-metal-ions?-- woe caer 


[Ans. 9.6336 x 10* coulomb] 

Calculate approximately how much current is necessary to 
produce oxygen gas at the rate of 1 mL per second? 

‘ 17.23 ampere] 22400 
{Hint: .1 g-equivalent of oxygen or 

96500 coulomb.] 
0.5 faraday of electricity was required to deposit all the copper 
in 500 mL of a copper sulphate solution. What is me ee, 
of the copper sulphate solution? . 

‘Normality =1N.] 


Copper is deposited at an electrode according to the reaction © 


mL is liberated by 


+ 2e7 


Cu* —_ Cu. When a current of 1:34 ampere ‘was passed 


25. 


through a solution of copper sulphate for 10 hours, 15.885 8 ‘of 
copper was deposited. 
(i) How many coulombs of electricity were passed through 
the solution? 
(ii) How many moles of copper were deposited? 
(iii) How many coulombs are required for the deposition of 1 
mole of copper? 
(iv) If the charge on an electron is 1.6x 10"? 
calculate the value of Avogadro’s number. | 
[Ans. (i) 482.40 coulomb (ii) 0.25 mol (iii) 2 x 96500 coulomb 


Galan: 


iv) 6.03 x 107] 


Calculate the mass and volume at NTP of hydrogen and 
chlorine that will be formed by passing 10,000 coulomb of 
charge through an aqueous solution of potassium chloride. 
The cell reaction is: 

2KCl + 2HOH —> 2KOH + Cl, + H, 
[Ans. 0.1036 g H,, volume 1,063 litre; 3.678 g Cl,, volume 
1.1603 litre] 


25, 


34 


- using 1.01 faraday of electricity. Calculate the mass of the 
- Tesulting solution. 


| [Ata 


[Aw 
u. How long does it take to deposit 100 g of Al from an 


Three electrolytic cells A,B andC containing electrolytes zinc 
sulphate, silver nitrate and copper sulphate respectively, were 
connected in series. A steady current of 1.50 ampere was 
passed through them until 1.45 g of silver was deposited at the 
cathode of cell B. How long did the current How? What 
masses of copper and zinc were deposited? ; 
(At. mass: Cu = 63.5, Zn = 65.4, Ag = 107.8) 

[Ans. 865 second; 0.427 g Cu; 0.44 g Zn] 

An electric current passing for 6 minutes through a dilute 
H,SO, solution gave 40 mL of the electrolytic gas (H, + 0.) 
measured at NTP. What was the average value of current? _ 
{Ans. 0.638 ampere] , 

{Hint: 96500 coulomb give 11.2 litre of H, and 5.6 litre of 
O>, ie., 16.8 litre of electrolytic gas at NTP. , 
The same quantity of electricity that liberated 2.158 g silver 
was passed through a solution of a gold salt and 1.314 g of 


~—~pold was deposited- The equivaient mass of silver is 107-9. 
ivalent-mass-of gold—What-is the oxidation ———~ 


ewlate-the-equ 
state of gold in this gold salt? (At. mass of gold = 197) 
[Aus. Eq. mass =-65.7; Oxidation state = 3] 
Calculate the volume of Cl, at NTP produced utile 
electrolysis of Shae aa produces 6,50 g Mg. 


5.99 Jitre] 


electrolytic cell containing Al,O, using a current of 125 
ampere? 

[Any 8577.8 second] 

10g fairly concentrated solution of CuSO, is electrolysed 


9,6025 g] 


- The density of copper is 8.94 g mL, Find out the number of 


coulombs needed to plate an area 10 x 10 em? to a thickness 


of 10” cm using CuSO, solution as electrolyte. (ee mass of 
Cu = 63. ) , 


[Avs 27129.2 coulomb] 


1. What mass of Ag (At. mass 108) could. be ehied ona — 


' from electrolysis of. AgNO, solution by one ampere current for 


~ 10 minutes? 


(DBS abad ve) 
[ins 0.6715 g] 

Ifa curent of 0.3 ampere is drawn from a Daniell cell for 1 
hour, what would be the change in mass of electrodes? Ot 
mass of Cu = 63.Sand Zn = 65.37) ~ 

[*us. 0.336 g Cu deposited, 0.366 g of Zn dissolves] 


=. An element A (At. mass 112) and an element B (At. mass 27) 


form chlorides. Solutions of these chlorides are electrolysed 
separately and it is found that when the same quantity of 
electricity is passed, 5.6 g of A was deposited while in the 
other cell only 0.9 g of B was deposited. What is the valency 
of A if the valency of B is 3? (Dhanbad 1991) 
[es 2] ‘ 
How many coulombs must be applied to a cell for the 
electrolytic production of 245 g NaClO, from NaClO,. The 
anode oe for the desired reaction is 60%. 

[Ans. 6.43 x 10° coulomb] 
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37. Calculate the mass of Hg,Cl, which can be prepared by the 


reduction of mercury(II) ions in the presence of chloride ions . 


by the passage of 5.0 ampere current for 3.0 hours. 
[Ans. 132.34 g] 
(Hint: . 2Hg?* +2Cl+ 2e —>Hg,Cl,] 
: 2F 1 mole 
38. How long will it take for a uniform current of 6.0 ampere to 
deposit 78.0 g gold from a solution of AuCl,? What mass of 
chlorine gas will be formed simultaneously at the anode in the 
electrolytic cell? 
[Ans. 19104 second; chlorine liberated = 42.17 g] 


: (Hint: AuCl;+3e—» Au + 4CI° (Cathode) 


3F 1 mole - 
2cl —> Cl, + 2€ (Anode)] 
1 mole 2F 


39. How long will it take 5 ampere of current to deposit’2 2 g of 


43. The resistance of 0.01 N solution at 25°C is 200 ohm. Cell 
constant of the conductivity cell is unity. Calculate the 
equivalent ouciane of the solution. 
fAns. 500 ohm! cm? eq '] ; 

44. A conductivity cell was filled with 0.01 solution of KCl 
which was known to have a specific conductivity of 0.1413 
ohm”! m7! at 298 K. Its measured resistance at 298 K was 
94.3 ohm. When the cell was filled with 0.02 M AgNO, 
solution, its resistance was 50.3 ohm. Calculate (i) cell 
constant and (ii) the specific conductance of AgNO; solution. 
[Ans. 13.32 m7}; 2.648 x 10°! ohm! mJ 


45. A conductance cell was calibrated by filling it with a 0. 02 M 


solution of potassium chloride . (specific conductance 
= 0.2768 ohm”! m‘') and measuring the resistance at 298 K 
which was found to be 457.3 ohm. The cell was then filled 
with a calcium chloride solution containing 0.555 g of CaCl, 


- copper from a solution of copper sulphate? 


per litré. The measured resistance was 1050 ohm. Calculate 


hp 


» 


(Given, CE of copper = 32, F = 96500 coulomb) 
(Ranchi 1996) 
_ (Ans. 20. 1 aint 
* 40. The amount of lactic acid, HC 3H,03, produced in a sample of 
, muscle tissue was analysed by reaction with hydroxide ion. 
~~~“Hydroxidé “ion” was” produced” in~ the ~sample~ mixture’ by 
electrolysis. The cathode reaction was, 


2H,O(/) + 2e > H,(g). + 20H (aq.) 


Hydroxide ion reacts with lactic acid as soon as it is produced. 
The end point of the reaction is detected with an acid-base 
indicator. It required 115 seconds for a current of 15.6 mA to 
reach end point. How many grams of lactic acid (a monoprotic 
acid) were present in the sample? 


" [Ans. 1.674 x 107 g] 
[Hint: No. of moles of lactic acid = No. of moles of OH" used 


= No. of faraday used i in 


electrolysis 
. a 3 ; 
Number of faraday used = ESE 2 DSS IN 
- 96500 96500 
=1.86x10° 


Mass of lactic acid = Number of moles x Molecular mass 
= 1.86 x 10° x 90 
= 1.674 x 10° g] 
41. In what direction, can the reaction: 
2NaCl + Fe, (SO, )>; = 2FeSO, + Cl, + Na,SO, 


"proceed spontaneously? 


(Given:. Epo pe =0.77V; Ee ICly =1.36V) | 


(BCECE 2005) 

[Ans. Forward] 
42. How many faradays of electricity will be required to 
completely electrolyse one mole of molten Al,O; to produce 
Al metal and O, gas? |JJEE (West Bengal) 2005] 
[Ans. 3F] 


the molar conductivity of CaCl, solution. 
[Ans. 0.0241 mho m mol] 


[Hint: = petenmne cell constant with KCl data. Its value is 
126.6m. ; 


_ Sp. cond. of CaCl, soln. = Cell const. x 


29966 x— 20.1006 che a 
1050 


Ap cond: 
onc. 


Molar conductance = 


Conc. = — = 0.005 mol dm™ =5 mol m™] 

46. The molar conductivities at infinite dilution of KCl, 
KNO, and AgNO, at 298 K are 0.01499 mho m? mol”, 
0.01250 mho m? mol) and 0.01334 mho m? mol”! 
respectively. What is the molar conductivity of AgCl at 
infinite dilution at this temperature? 

[Ans. 0.01383 mho m? mol'] 

47, The electrodes in a conductivity cell have area 1.2 x 107 m? 
and they are fixed 3 x 10°> m apart. ‘A solution containing 200 
g equivalent.of the electrolyte per m° of the solution has a 
resistance of 60 ohm at 298 K. Calculate the equivalent 
conductivity of the solution. 

[Ans. 2.09 x 107 mho m? eq™'] 

48. The molar conductivities of NH,’ ion and Cl” ion are 73.5 
mho cm? mol! and 76.2 mho cm” mol”! respectively. The 
specific conductivity of 0.1 M  NH,Cl is 

_ 1.288 x 10 mho cm”). What is the dissociation constant of 
NH,Cl? 
[Ans. 0.86] 

49. The specific conductivity of a saturated solution of silver 

chloride at 18°C is 1.24 x 10° mho after subtracting that of 

' . water. Ionic conductances at infinite dilution of Ag* and CI” 
ions at this temperature are 53.8 and 65.3 respectively. 
Calculate the solubility of silver chloride in gram per litre. 
[Ans. 1.494.x10~ g per litre] 


Resistance ~~~ —_se. 


834 


50. 


51. 


. 52. 


G.RB. PHysicaL CHEMISTRY FOR COMPETITIONS 


Given: 
A” [4 Mg?*] = 53.06 ohm em? mol 
TY S02] = 80 ohm! ‘om? mol! 
A” LY AP*] = 63 ohm™ cm? mol 
Calculate the values of A‘, [Al,(SO,)3]and A” [MgSO,]. 
[Ans, 858 ohm” cm” mol”, 266.12 ohm™ cm? mol] 
Hydrofluoric acid is a weak acid. At 25°C, the molar 
conductivity of 0.002 M HF is 176.2 ohm cm? mol”. If its 
m= 405.2 ohm! cm’ mol™!, calculate _ its degree of 
dissociation and equilibrium constant at the given 
concentration. 
[Ans, = 0.435, K = 6.7x 10] 


For mercury at 0°C specific conductance, 


57. 


58. 


(i) Iron reduces Zn?* ions (ii) Iron reduces Ni?* ions. 


Given: E.. 2+ 7, = ~ 9-76 volt; E° nit jm U4 volt ahd 


E ae igs = — 0.25 volt. 


[Ans. Iron reduces Ni2* ions as the Ea! in this case has positive 
value. ] ; 
Can a solution of 1 M CuSO, be stored in a vessel made of 


nickel metal? — 


Given: — 0.25 volt 


fe} 
E wi 2+ Ni) 


E 


ie} 

(Cu 2+ ; Cu) 
Ans. No; The reaction takes place between CuSO, and nickel 
s Ey is positive. ] 

An. ver whether, under standard conditions, the following 

reactions are possible or not: 


= 0.34 volt 


«= 4,662963.<40° S/m, 


(i) Will copper reduce Ag to Ag? Given: E° 


> 


(a) If the resistance of a cell containing mercury is 0.243166 
ohm, what is the cell constant of the cell? © 

(b) If the same cell is filled with KCI solution at 0°C, the 
resistance of the cell is 3.966 x 10* ohm. What is the 
conductivity of KCl solution? 


eramprs ata, 


Tats AEG AN 
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‘53. 


54. 


0.9643 mm’, what is the effective ‘distance between oes 


electrodes? 
[Ans, (a) 2. 58476 x 10° S/m; (b) 6.517 S/m; (c) 0.2492 m] 
The mobility ‘of the NH, *-ions is 7.623x10°% m*/Vs. 
Calculate: % ‘ 
(a) the molar conductivity of NH? ion; 


(b) velocity of the ion if 15 volt are applied across the 
electrodes 25 cm peas 


[Ans. (a) 73.55 x 1074S m/mol; (b) 4.574 m/s] 


_Construct electric cells for the following reactions: 


(a) Fe + Cu2* ——> Cu + Fe”* 

(b) Cu + 2Ag* ——> 2Ag + Cu* 

(c) 6Fe** + Cr,0 + 14H * —> 6Fe?* + 2Cr°* +7H,O 
(d) Cd +1, —> Cd** + 2I0- 

(e) 2Fe** + 2Cl- ——» 2Fe?* + Cl, 


-[Ans. (a) Fel Fe™* || Cu’* | Cu 


mn 
we 


56. 


(b) Cul Cu* IlAg* | Ag 

(c) Pt! Fe**, Fe** i H*, Cr,037, Cr** | Pt 
(d) Cd! Cd?* IIT, 1,1 Pt 

(e) PtICl,, Cl” Il Fe*, Fe** | Pt ] 


. Predict whether the following reaction will occur 


spontaneously or not: 
Co”* + Sn —— > Co+ Sn7* 
ES 


EB iceet = 0.277 volf and ES isn2* 
[Ans. No; E,., is negative = — 0.141 volt] 


= 0.136 volt 


An iron wire is immersed in a solution containing ZnSO, and 


NiSO,. Predict giving reasons which of the following 
reactions is likely to proceed? 


60. 


61. 


. 62. 


Ag* /Ag 
_ = 0.799 volt; joe iGo 0.337 volt 


(ii) Will Fe** be reduced to re by Sn?* ion? Given: 
Fe** | Fe?* = 0.771 volt; 


Sn7* | Sn4* = — 0.250 volt 


_-—----(ili) _Would_you_use. a_silver_spoon—to—stir a_solution_of 


Cu(NO3).? 
[Ans. (i) Yes, Eo, Cul Cu’* Il Ag* | Ag is positive (+ 0.462 
volt) 
(ii) Yes, Ei Pt! Sn**, Sn?* Il Fe**, Fe’* 1 Pt is positive 
(+0.621 volt) .-- \ 
(iii) Yes, the reaction does not occur.] 
The electrode potentials of two half reactions are as follows: 
Fe** +e ——> Fe?" ; E° = + 0.76 volt 


Cet + e —-3 Ce?* E° = + 1.60 volt 


Giving reason, describe if Ce** can be oxidised by Fe** 
[Hint; Ce** + Fe** —> Ce** + Fe?* 

Ce** —» Ce** + & (oxidation); E° =—1.60 volt 

Fe** + & ——» Fe** (reduction); E° =+ 0.76 volt 

Adding both, £° of the reaction = ~— 0.84 volt 
The oxidation of Ce** by Fe** is not possible.] 
Calculate the standard reduction potential of Ni?*/Ni 
electrode when the emf of the cell 

Nil Ni** (1M) I Cu2* (1.M)1Cu 


is 0.59 volt and E° = + 0.34 volt 


Cu?*/Cu 
[Ans. — 0.25 volt] 
Calculate the half- cell potential at 298 K for the reaction, 
Zn?* +2e° — > Zn 
if{Zn?*} = = 0.1 M and E° = — 0.76 volt. 
[Ans, — 0.789 volt] , 
A galvanic cell consists of a metallic zinc plate immersed in 


0.1 M Zn(NO,). solution. Calculate the emf of the cell at 
29°C; Write the chemical equations for the electrode reactions 


and represent the cell. (Given: E° — 0.76 volt and 


Zn2* /Zn 
o 


Eon rph = 


— 0.13 volt) 


-ELECTROCHEMISTRY 835 ; 
[Ans, Zn —> Zn?* + 26, Pb?* + 26° ——> Pb | 70. Calculate the emf of the cell 
Zn! Zn** || Pb** Pb Cr} Cr** (0.1 M) Il Fe** (0.01 M)| Fe 
01M 002 M ; 
Eo = 0.63 volt Eq, = 0.609 volt] — (Given: ake hs ~ 0.75 volt; En ire 7 7 0-45 volt) 
63. Calculate the cell potential of the cell at 25°C having the cell [Ans. 0.261 volt] 
: reaction: ; 71. Calculate the equilibrium constant for the reaction, 
2Ag* + Cu == 2Ag + +c -  Zn(s) + + Ag,0(s) + H,0() —> 2Ag(s) + Zn°*(ag.) 
(Given that, [Ag*]=1.0x 107 M, 
ag + 20H™ (4 ) 
. (Cu2*]=1.0x104M, Ely = 0.46 volt) 
Ans, 0.40 volt] when He = 1.1lat 298 K. 
64, Calculate the E and £° of the cell [Ans. K, =3.499x 10°7] ; . 
Nil Ni2* 1. Cu2* 1Co - 72. The standard reduction potential of Ag* |Ag electrode is 0.80 
from the following half-cell reactions: - yolt. Calculate the standard electrode potential of 
Ni2* + 2e7 —> Ni; B°s= 02S voit Cl lAgCiiAg at 25°C. Giyen solubility product, 
60 Jets = + 0:34 -volt Ke eCh=18x10~— on 
(Givens {Ni} = 1 -andt {Cu*}= 10 My [atin ya 
[Ans. £ey = 0.59 volt; E.) = 0.5015 volt] Eva = 0. 0591 x log [Ag* Wcr}= 0.0591 log Ka(Aec 
65. Use E° values to a AG*° for the reaction Es, =~ 0. 576 volt Fu! 
Fe" + Ag* >Fe™ + Ag Ee, = Oxid. pot. anode + Red. pot. cathode 7 
- - Ee ing =O 80-volt..and. 1 By, pet pee 0.77 volt... -... Red.pot.-cathode [CI 1AgCH Ag] = -0. 5I6-—(—0. 80) : 
{Ans. |" ~ 2895 i = — 0.576 + 0.80 = 0.224 volt] 
[Hint: 2) = 0.03 volt, AG° =—nFE.y | %. Derive Nernst equation for the cell. 
: . : 2+ 
66. Apiece of zinc metal is dipped in a 0.1 M solution of zinc salt. Ni(s) | Ni™ (aq. 0.1 M) I Ag” (ag. 01M )I Agts) 
. The salt is dissociated’ to the extent of 20%. Calculate the and also find its cell potential. Given: 
electrode potential of Zn?* /Zn. Ee ting = 0,80 volt and E\.24,., = -.0.25 volt 
(Given: ED, wigs Foe 0.76 volt.) [Hint: - Cell reaction, 
[Ans = 0.8102 volt] Ni + 2Ag* —> 2Ag + Ni?*; Ee.) = 1.05 volt 
an 244 7 5 ‘ 2+ 
[Hint: [Zn ]= 0.1 x 0.2= 0.02 M Nest equation, Ey = £2 - 0.0591 idg ne ; 
Zn>* + 26 —> Zn (Reduction) 2 [Ag] 
‘ 0.0591 te = (1.05 ~ 0.0295) volt 
EL aq SE ag * =) -logio [Zn™* ]] =1.02 volt] . ee 
eevee : ' 74, Det th ilibri tant of the fe ti 
67. Estimate the concentration limit beyond which the half-cell ie penta SE CON aes Ot eae eine seacen 
potential of Cu ** | Cu will be zero. 2Fe** + +n —> 2Fe”* + Sn** 
Eo iy = 0.34 volt (Given: E° 4, 24 = 0.15 volt, Box, 25 = 0.771 volt) 
[Ans. 3.1107? mol LJ fans, K=1.0%107) 
© _ 2. 0591 | 
(Hint: Foy = og [Cu* i] [Hint: Calculate £°.,. The value is 0.621 volt. 
0591 . 
68. . Calculate equilibrium constant for the following reaction: ‘A pply ee log K] 
; Zn + CuSO, ——> ZnSO, + Cu = : 
Eo ss =0.765 volt; . E° >, . = 0.347 volt 75. The zinc-silver oxide cell is used in hearing aids and electric 
ont ee ' _- watches. From the following data: 
fans, 1.862 x 10°7] Zn** + 2¢ ——> Zn; E° = —0.76 volt 
69.. For the cell reaction, 


‘Nil Ni* I \Ag* |Ag 


Calculate the equilibrium constant at 25°C. How much 
maximum work would be obtained by the operation of this 
cell? 


[Ans. 3.98 10*, Max. work = 202650 a 


Ag,O+H,O0+2e¢ —-2Ag+20H; E°= 
Answer the following: 
(a) Construct the cell and what will be its emf? 


0.334 volt 


(b) What is its cell reaction and what will be AG° value of this 


cell reaction? 


836 


. [Ans 


76. 


as 71...The-emfofthe-cell, 
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(c) Name the species which undergo oxidation and reduction 
when the cell is in operation, 


(a) Cell Zn| Zn** || OH” | Ag,OlAg | 
Een = 1.104 volt 


ci 


(b) Cell reaction, 

Ag,0 + H,0 + Zn —> 2Ag + Zn** + 20H" 

AG® = —AFEsy, =~ 2.x 96500 x 1.104 = — 213072 J 
(c) Zinc is oxidised to Zn?* and Ag,O is reduced to Ag.] 
An excess of Hg was added to 10°> M acidified solution of 
Fe" ions. It was found that only 4.6% of the ions remained as 
Fe** at equilibrium at 25°C. Calculate E° for mad Hg3* 
25°C for 

2Hg + 2Fe** == ee + 2Fe** 


(Ans. — 0.7912 volt] 


81. 


- (Hint: 


By passage of 10° coulomb charge, zine ion 
concentration increases by 0.518 mole while copper ion 
concentration decreases by 0.518 mole. : 


- Thus, [Zn* ]= 1.518 Mand[Cu** ]= 0.482 M@ 


(Now apply Nernst equation)] 
Calculate the standard potential for the reaction, 
Hg,Cl, + Cl, —> 2Hg”* + 4C1° 
(Given: ; 
Hg,Cl, + 2e° ——> 2Hg + 2CT; 
Hg3* ——» 2Hg”* 


E® = 0.270 volt 
E° = ~ 0.92 volt 
~ 0.79 volt 
E° = 1,36 volt) 


+2¢€;3 
2Hg —> Hg +2e; . E°= 
$396 =30Cr: 

— 0.08 volt] 


First determine E° for 


Ans. 
jHint: 


Hg,Cl, —> 2Hg2* + 2CI” + 2c” electrode. 


It comes-to 1.44 volt. 


mnie sie? Agl(0.05) MKL{| (0.05) ALAgNO, [Ag _ 


78. 


79. 


(Hint: E 


80. 


is 0.788 volt. Calculate the solubility product of AglI. 

[Ans.. 1.10 107") 

At equimolar concentrations of Fe°* and Fe** , what must 
[Ag*] be so that the voltage of the galvanic cell made from 


“a een Fe*/ Fe’ electiodes equals zero? The Teaction if al 


Fe?* + Ag* <== Fe** + Ag. Determine. the equilibrium 


"constant at 25°C for the reaction. (Given: EY ,,, = 0.799volt 


and E~ peit/pe2t = 0-771 volt ) 


Era = Ey, Fe™* /Fe** + Ea *fAg 


= —0.771+ 0.799 = 0.028 volt 
At equilibrium, E,. = 0 
_ 0.0591 [Fe** ] 
= log aT Fae 
1° [Fe j[Ag™] 
a 
= ES, — 0.0591 log ‘Ag? 


O= Foci = 


8 
[Ag* ]= 0.34 
log K = ne 
0.059] 
K = 3.0] 


Using Nernst equation for the cell reaction, 
Pb + Sn** —-> Pb** + Sn 


; H [ b?* | 
Calculate the ratio ——--— for which E,., = 0. 
[Sn** 
(Given: Eyre = 0.13 volt and Eo Ign = 7 0-14 volt) 
. [Pb**] 
Ans. = 0. 
At [Sa] : 


- Determine the potential of a Daniell cell, initially containing 


1.00 L each of 1.0 M copper(I ion and 1.0 M zinc(H) ion, 


after passage of 10° coulomb oe The E° of the Daniell 


_ Ans. 


cell is 1.10 volt. 
1.09 volt] 


82. 


83. 


84. 


85. 


This electrode is now coupled with Cl, + 2e —~> 2CI” 
electrode.] 


Given: 

Cu +e —3 Cut; E? = 0.15 volt 

Cut +e Cu Ee OS Volt 
Calculate potential for Cu?* + 2e7 ——> Cu. 


[Ans. 0.325 volt] 
What is the standard electrode Botsutal for the electrode 
MnO,/ MnO, i in solution? 


(Given: Ee o;/Mn?+ = l. 51 volt, ie, Magee 1.23 volt) 
[Ans. 17 volt] 
[Hint: 


MnO; + 8H* +5¢ —> Mn2* + 4H,0; E° = 1.51 volt 
_ Mand, + 4H* + 2e” —> Mn?* + 2H,0; E° = 1.23 volt 
Subtracting ; 

MnO, + 4H* +3¢ ——» MnO, + 2H,O; E° =? 

5x1.5{-2x1.23 _7.55-2.46 5.09 

3 ~~ ee 

What ratio of Pb?* to Sn?* 
the following cell reaction? 
Sn(s) + Pb**(ag.) —> Sn** (aq. ) + Pb(s) 


~ 0.126 volt 


Pe 


= 1.70 volt] 


concentration is needed to reverse 


Oo 
Sn?*/Sn 
[P om 


E =—0.136 volt and E° po?*/Pb = = 


[Ans 


< 0.458} 


For the cell Mg! Mg?* ll Ag* | Ag, calculate the equilibrium 
constant at 25°C and the maximum work that can be obtained 
during the operation of the cell. , 


a 
(Given: Eve mer = 2,37 volt and Ey Pie= 0.80 volt) 


fans. K= eoalitee Wag = 118% 10° J 


86. 


87. 
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Determine the potential for the cell: 
Pure’; Fe” (C507, Cr", Pt . 

in which [Fe?* ] and [Fe** ] are 0.5M and 0.75M respectively 
and fCr,057]. [Cr’*] and [H*] are 2M, 4M and 1M 
respectively. Given: , 

. Fe** + ¢° —> Fe** 
14H * + 6e7 + Cr,OF = 2Cr 
[Ans. 0.56 volt] 


For the measurement of the solubility product of AgCl the 
following cel! is constructed: 


Ag! AgClIl KCI (0.1 Af) Il AgNO, (0.1!) Ag 


4 47H,O;  E°=1.35 volt 


88. 


89. 


90. 


91. 


92. 


93. 


The emf of the cell is 0.45 volt. In the cell, KCI is dissociated 


to the extent of 83% and AgNO, is dissociated to the extent of 
86%. Calculate the solubility product of AgCl at 298 K. 
[Ans. 1.735 x 107% 


: A 
(Hint: Fg, = E°y — 0.0591 log LAS Janose 
, [Ag* Jcathode 


Excess of AgCl is added to 0.1 M solution of KBr at 298 K. 
Calculate the equilibrium concentrations of Br” and Cl” ions. 


Cin /AgciAg = 9-222 Volt Fe ope ag = 9.095 volt 


[Ans. [Cl” ]= 0.09929 mol L™, [Br7 ]= 0.00071 mol L"] 
[Hint: AgCl + Bro == AgBr+ Cl 


At equilibrium, (0.1 ~ x) x 
E° 
Appt log K =——sell_ 
EPS a 0.0591 
a fe) 
or Zt cell 
°F 0. = » 0.0591 
The emf of the cell Cu | CuSQ, Il CuSO, I Cu is — 0.03 V at 
a=0.1 x 


25°C. Calculate the activity of copper sulphate solution in the 
right hand side electrode. 


[Ans. 0.009616 mol L] 


° ° 0.0591 0.1 
[Hint: Apply E = (Eo, - Eo, ) 5 log —] 
x 
The cell, Pt! H, (1 atm) !|H* PH =)! 


normal calomel electrode, has an enif of 0.67 volt as 25°C: 
Calculate the pH of the solution. The oxidation potential of 
calomel electrode on the hydrogen scale is — 0. 28 volt. 
[Ans. pH =6.61] 
The emf of the cell, 
Ag! Agl, KI(0.05 M) ll AgNO, (0.05 M4)! Ag 
is 0.788 volt. Calculate the solubility product of Agl. 
(Ans. 1.101 x 107!5] 


The standard reduction potential for Cu**/Cu is + 0.34 V. 


Calculate the reduction potential at pH = 
couple. K,, of Cu(OH), is 1.0 107. 


fAns. — 0.22 V] 


Calculate the potential of:a cell in which H electrode is 


immersed in a solution of pH 3.5 and in a solution of pH 10.7. © 


[Ans. 0.4255 volt] 


: E° = 0.770 volt 


96. For the reaction, Fe** 


. equilibrium constant for the reaction, 


14 for the above 


(IIT 1996) - 


94. Calculate the emf of the cell, 


Cl, (J atm) 1 NaCl (ag.) | Cl, (0.1 atm) 
[Ans. —0.0295 volt] 


95. The standard frec energy change for the reaction, 


H,(g) + 2AgCl(s) —> 2Ag(s) + 2H *(aq.) + 2CI"(aq.) | 
is — 10.26 kcal mol! at 25°C. A cell using the above reaction 
is operated at 25°C under Py, = | atm, [H *]and [Cl] = 0.1. 
Calculate the emf of the cell. 

[Ans. 0.340 volt] ; 
+3e¢ >= Fe. E° is — 0.036 volt and 
the standard electrode potential for Fe** + e7 <= Fe”* is 


~0.771 volt. Calculate the E° for Fe** + 2é == Fe. 


(Ans. — 0.4395 volt] 


97. The standard reduction potential at 25°C of the reaction 


2H,0 + 2e —~H, + 20H” is — 0.8277 volt. Calculate the | 


2H,O —— _=H,0* + OH at 25°C 
[Ans. ~10!4] 
(Hint: 


H,O+ 4H, —>H,O* +e (Anode); E° =0 
E® for the cell = — 0.8277 volt 


Applynow — £° = 25°70 tog k |” (n=) 


98. Calculate the emf of the following cell: 


-"Pt(H, | atm) | CH;CH,COOH (0.15 M) II. 0.01 M 
NH,OHI H, (1 atm) Pt 


K,, for CH,CH,COOH = 1.4 x 10° 
K,, for NH,OH =1.8 x 10° 
(Ans. — 0.4603 volt] 


[Hint; [H* Jin CH;CH,COOH = JC x K, = 0.15 x14 x10° 


= 1.449 x 1074 
ees iy PRP Re ae us 
[OH™] in NH,OH = JC xK, = 0.01 x1.8 x10° = 0.4242x107 
: —14 
[H* ]in NH,OH = 10 2 2.3873 x10! 


0.4242'x107 


] 
Eve, = 0.0591 log (A bea 
LHS 


99. Calculate equilibrium constant for 


L+lT =f 
at 298 K from the following information: 
I,(aq.) + 2e —> 27; = 0.6197 volt 
ie =r, = 0.5355 volt 
[Ans. 706.9] . 
(Hint: I, + 2e —~+ 21°; E° = 0.619, volt 
31° —+I, + 2e€ ; E® = — 0.5355 volt 
ey eens ee = 0.6197 -— 0.5355 
= 0.0842 volt 


H,0 + & —+» KH, + OH” (Cathode); E° = — 0.8277 volt 


838 | 


100. 


101. 


102. 


103. 


104. 


--[Ans.__AG_=.=195.895 kJ, AS = —18.55-cal]...... 


‘ [Ans. 


‘Ke antilo 
“| 


nE® - : |? x 0.0842 
antilog | ——_———— 
0591 0.0591 


= 706.9] 


A lead storage battery has initially 200 g of lead and 200 g of © 


PbO,, plus excess H,SO,. How long could this cell deliver a 
current of 10 amp, without recharging, if it was possible to 
operate it so that the reaction goes to completion? 


[Ans. 4.48 hour] 
Zn(s) + 2AgCl(s) == ZnCl, (0.555 M)+ 2Ag(s) 


Egec = 1.015 volt (=) = — 4,02 x 10 volt per degree. 
aT }p , 


Find AG, AS, 


G.R.B. PHYSICAL CHEMISTRY FoR COMPETITIONS. 


105. What will be the value of A ee a 0. 001 M aqueous NH; 


‘solution? 


K,=16x10° and Ag = 2.38x 10? ohm” m? mol” 


[Ans. 2.998 x 10° ohm™! cm? mol] 
[Hint: K, =Co? 
1.6 x 10 = 0.001 x a? 
a = 0.126 
Le Cee 
a=—2 ; (Af, = molar conductance 
An * at concentration ‘ec’ and 
AS, : . AS, = molar conductance at 
0.126 = —_—"— infinite dilution) 
2.38 x 10 é 


{Hint: We know that, 


~“22'96500 [273 X 4.02 «107 ~ 1.015] ” 
= ~ 217075.98 joule = — 217.075 kJ 
AG = —nFE = —2 x 96500 x 1.015 = ~— 195895 J 
~ 1. = 195.895 KI 
- AG = AH ~TAS 
+ 195.895 = — 217,075 — 273 x AS : 
AS = — 0.07758 kJ = — 77.58 J = — 18.55 cal] 
Calculate the equilibrium constant for the reaction, 
2Fe** + 30° == 2Fe** +35 
The standard reduction potentials in acidic conditions are 0.77 
and 0.54 V respectively for Fe**/Fe?* and 13/1” couples. 


(HIT 1998) 
6.26 x 107] 
Electrolysis of a solution of MnSO, in aqueous sulphuric acid 


_ is a method for the preparation of MnO, as the per reaction, 


Mn?*(aq.) + 2H,0 —> MnO, + 2H*(ag.) + H, 


Passing a current of 27 A for 24 hours gives one kg of MnQ,. 
What is the value of current efficiency? Write the reactions 
taking place at the cathode and at the anode. [ITF (May) 1997] 


Exixt 
int: Appl = 
iH PP'Y 96500 
1000 = 22 Xi %74 x 60 x 60 
2 x 96500 


i= 25.6 ampere 


Current efficiency = = x 100 = 94.8% 


Reactions: ; 
Anode: Mn** —> Mn** + 2¢7 
Cathode: 2H* + 2e¢ ——>H,] 


Calculate the number of kWh of electricity is necessary to - 


produce 1 metric ton (1000 kg) of aluminium by Hall process 
in a cell operating at 15 V. 


[Ans. 4.47x10* kWh] 


~ AS, = 2.998 x 107 ohm™! cm? mol” ay 


106. A-weak ‘monobasic. acid is 5% eheined in 0.01 ‘mol dm? 


107. 


solution. ies diratting molar conductivity at infinite dilution is 
4.00 x 107 ohm”! m? mol” : =e aleulate the peeavenily ofa 


K, =Ca’ 
2.5x10° = 0.05 x o? 
o = 0.0223 


C as 
We know that, © =—= 
mt 
Le 
x 107? 


0.0223 = 
4 


AS, = 8.92 x 10 ohm”! cm? mol” J 


1.05 g of a lead ore containing impurity of Ag was dissolved in 
quantity of HNO, and the volume was made 350 mL. A Ag 
electrode was dipped in the solution and £,,,, of, 
Pt(H,) | H*(1 M) Il Ag* | Ag 
was 0.503 V at 298 K. Calculate % of lead in the ore. 
Easting = 0.80 V 
[Ans. 


(Hint: 


0.039%] 
Anode 5 H,(g) — > H (1M) + 


Cathode Ag*(x)+ & ——>Ag(s) 


5 Hole) + Ag’ G) = Aa) + HUM) 


E£° = 0.80 — 0 = 0.80 volt 
_ {H*] a 


[Ag] x 
0.0591 


E=E° - 


logig Q 


0.503 = 0.80 - at logig 3 
x 


(a=1)_ 


* 0.05 mol din™? solution ae acid. ie RE 
[Ans. 8.92 x 107 ohm™! cm? mol™!] 
[Hint: Dissociation constant of acid K, = Ca? 
= 0.01 x (0.05) 
= 25x10 
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x=9.43x10° M 


Number of moles of Ag* in 350 mL 
_ MY _943x10% x 350 


1000 1000 
=3.3x10% 
Mass of Ag = 3.3 x 10° x 108 = 3.56 x 10 g 
3.56 x 104 


% Ag in the ore = x 100 = 0.0339%] 


108. Calculate E° of the following half-cell reaction at 298 K: 


Ag(NH3); +e —— Ag + 2NH, 


Ag(NH,)} === Ag* + 2NH;; © K =6x 10° 
fAns. 0.373 volt] : 


[Hint: Anode ; Ag(s) —> Ag* +&; £E° =0.80 volt 


Cathode [Ag(NH,))]’ + & —> Ag(s) + 2NH,;E° =v volt 


Ag(s) + [Ag(NH3), J. == Ag(s) + Ag” + 2NH, 
_ [Ag* JINH3]’ 
[Ag(NH3). J" 


=6x10% . te ) 


Ei = =(v - 0. 80) 
At equilibrium, & = 0 
p= pe — 9.0591 eo) 
rf 
0 = (v - 0.80) - = 2 log (6 x 10°) 
ee eee 7 _— 


Set-1: Questions with single correct answer 


1. Arelectrolyte is a substance which: 
(a) conducts electricity 
" (b) decomposes on heating _ 
(c) is acidic in nature 
(d) when dissolved in water, dissociates into ions 
2. The theory of ionisation was presented by: 


(a) Faraday (b) Arrhenius(c) Ostwald (d) Rutherford 
3. Dissociation of an electrolyte in water into negative and 


positive ions is called: 

(a) ionisation (b) electrolysis 

(c) decomposition (d) hydrolysis 
4. Degree of ionisation is equal to: 


(a) total number of moles of the electrolyte present in solution 
(b) total number of moles of the electrolyte dissociated into 


ions 


(c) number of moles dissociated /total number of moles 


dissolved 


(d) total number of moles dissolved/number of moles dissociated 
5. Conductivity of aqueous solution of an electrolyte depends on: 


(a) molecular mass of the electrolyte 

(b) boiling point of solvent 

(c) degree of ionisation 

(d) volume of the solvent ; 
6. Degree of ionisation does not depend on: 

(a) nature of the solvent 

(b) nature of the electrolyte 

{c) dilution 

(d) molecular mass of the electrolyte 


7. Substances which give good conducting aqueous solution are 


called: 
(a) weak electrolytes 
(c) non-electrolytes 


(b) strong electrolytes 
(d) catalysts 


8. The number of ions given by one molecule of K,Fe(CN), after 


complete dissociation is: 


10. 


11. 


12. 


13. 


14. 


15. 


16. 


(a) 5 (b) 11 " (c)2 '  (d) 10 
The amount of electricity required to produce one mole of 
copper from copper sulphate solution will be : 

(VITEEE 2008) 
(a) 1 faraday (b) 2.33 faraday 
(c) 2 faraday . (d) 1.33 faraday 
Hint: Cu* + 26 —> Cu(s) 


| mole copper requires 2 mole electron, i.¢., 2 faraday charge.] 
The process in which chemical change occurs on passing 
electricity is termed: 

(a) ionisation (b) neutralisation 

(c) electrolysis (d} hydrolysis 

Which of the following condition is correct for operation of 
electrolytic cell? 

(a) AG=0,E=0 {b) AG<0,E>0 

(c) AG>0,E <0 (d) AG>0,E>0 

Which one is the correct equation that represents the first law 
of electrolysis? : 
(a) mZ=ct (b) m=cZt (c) me=Zt (d) c= mat 
When one coulomb’ of electricity is passed through an 
electrolytic solution, the mass deposited on the electrode is 
equal to: 

(a) equivalent weight (b) molecular weight 

(c) electrochemical equivalent (d) one gram 

One faraday is equal to: 


(a) 9650 coulomb 
(c) 19640 coulomb 


(b) 10,000 coulomb 
(d) 96500 coulomb 


_ When one faraday of electric current is passed, the mass 


deposited is equal to: 

(a) one gram equivalent (b) one gram mole 

(c) electrochemical equivalent (d) half gram equivalent 

On passing one faraday of electricity through a dilute solution 
of an acid, the volume of hydrogen obtained at NTP is: 

(a) 22400 mL ~ (b) 1120 mL 


(c) 2240 mL _(d) 11200 mL 


oo | 


17. 


18. 


19. 


Se = (b) 05 EF 
20. 


21. 
22. 
23. 


24. 


25. 


26. 


27. 


~(c) specific gravities 


w g of copper is deposited in a Copper voltameter when an 
electric current of 2 ampere is passed for 2 hours. If one 
ampere of electric current is passed for 4 hours in the same 
voltameter, copper deposited will be: 

(a) w (b) w/2 (c) w/4 (a) 2w 

Copper sulphate soluticn is electrolysed between two 
platinum electrodes. A current is passed until 1.6 g of oxygen 
is liberated at anode. The amount of copper deposited at the 
cathode during the same period is: 

(a) 6.36 ¢ (b) 63.6¢ () 127¢ (d)32¢g 

When electricity is passed through a solution of AICI,, 13.5 g 


‘of Alis discharged. The amount of charge passed is: 


28. 


29. 


. 30. 
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The extent of ionisation increases: 
(a) with increase in concentration of the electrolyte 
(b) on decreasing temperature of solution 


- (c) on addition of excess of water 


(d) on stirring the solution vigorously 
Molten sodium chloride conducts electricity due to ane 


presence of: 
(a) free electrons 
(c) free molecules - 


(b) free ions 
(d) free atoms of Na and Cl 


When NaCl is dissolved in water, the sodium ion is: 


(a) oxidised 
(c) hydrolysed 


(b) reduced 
(d) hydrated 


A solution of sodium i i in n water is s electrolysed using 


(cy) hOF ~~ (d) 2.0 F 

When the same electric current is passed through the solution 
of different electrolytes in series, the amounts of elements 
deposited on the electrodes are in the ratio of their: 

{a). atomic numbers 


(b) atomic masses 

(@) equivalent masses 
Faraday’s laws of electrolysis are related to: _ 

(a) atomic number of the cation 

(b) atomic number of the anion 

(c) equivalent mass'’of the electrolyte 

(d) speed of the cation 

The specific conductance of a 0.01 solution of KCI is 
0.0014 ohm”! cr! at 25°C. Its equivalent conductance is: 
(a) 14 {b) 140 (c) 1.4 (d) 0.14 

The equivalent conductivity of 0.1 VCH,COQH at 25°C is 80 
and at infinite dilution 400 ohm”. The degree of dissociation 
of CH,COOH is: 

(a) | (b) 0.2 (c) 0.1 (d) 0.5 

The number of electrons involved when one faraday of 
electricity is passed through an electrolytic solution is: 

(a) 96500 (b) 8x 10° (c) 12x 10 (d) 6x 10" 
One faraday of charge was passed through the electrolytic 
cells placed in series containing solutions of Ag*, Ni?* and 
Cc respectively. The amount of Ag (At. mass 108), Ni (At. 
mass 59) and Cr (At. mass 52) deposited will be: 


Ag Ni Cr 
{a) 108 g 29.5 g 17.5 g 
(b} 108g * 59.0 g 52.0 g 
(c) 108 g 108.0 g 108.0 g 
(d) 108g 117.5 g 166.0 g 


One faraday of electricity will 
metal from the solution of: 
(a) BaCl, (b) CuSO, 

(c) AICI, (d) NaCl 

Strong electrolytes are those which: 

(a) dissolve readily in water 

(b) conduct electricity 

(c) dissociate into ions even at high concentration 
fd) dissociate into ions at high dilution 


liberate one gram mole of the 


33. 


34, 


35. 


36. 


37. 


38. 


40. 


respectively: 


(a) Hy, O; (b) O,, H, 
: (c) O,, Na (d) 03, so, 
32. The electric conduction of a salt solution i in water. depends-on. 
aac age ean jeeps maria reap estat cae - 


(a) shape of wplerslee (b) size of its molecules 
(c) size of solvent molecules (d) extent of its ionisation 
In electroplating, the article to be electroplated ~ :rves as: 
(a) cathode (b) creuury 
(c) anode ‘(d) coriductor 
The amount of electricity that can deposit 108 g of silver from 
silver nitrate solution is: (AFMC 1993) 
(a) | ampere (b} 1 coulomb 
(c) 1 faraday (d} 2 ampere 
A certain current liberated 0.504 g of hydrogen in 2 hours. 
How many grams of copper can be liberated by the same 
current flowing for the same time in CuSO, solution? 
(a) 12.7g .(b) 189g (c) 318g (d) 63.5¢g 
If the specific resistance of a solution of concentration C g _ 
equivalent litre! is : a its equivalent eee is: 

100R © a 
@) (») ino) OR (¢) cook 
If the ere conductance and eee of a solution are 
same, then its cell constant is equal to: 
(a) I (b) 0 (c) 10 (d) 100 
On increasing the dilution, the specific conductance: 
: (Jiwaji 1990) 


(a) increases 
(c) remains constant 


(b) decreases 
(d) none of these 


. The distance between two electrodes of a cell is 2.5 cm and 


area of each electrode is 5. cm’. The cell constant is: 
(Jabalpur 1990) 
(a) 2 (b) 12.5 (c) 7.5 (d) 0.5 
At 25°C, the molar conductances at infinite dilution for the 
strong electrolytes NaOH, NaCl and BaCl, are 248x 10 
126x 10 and 280x10“Sm? mo!” respectively. AS 'Ba(OH), 
in Sm’ mol: (EAMCET 2009) 
(a) 52.4x10% (b) 524x10* 
(c) 402x107 (d) 262x107 
[Hint : A;,,Ba(OH), = A’,,BaCl, + 2A),NaOH — 24°, NaCl 
= 280x104 + 2x 248 x 10 - 2x 126 104 
= 524x10“S m? mol] 


41. 


42. 


44, 


45. 


46. 
47. 


48. 


49, 


30. 


31. 
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The electrochemical cell. stops working after some time 
because : (VITEEE 2008) 
(a) electrode potential of both the electrodes becomes zero 
(b) electrode potential of both the electrodes becomes equal 
(c) one of the electrodes is eaten away 

(d) the cell reaction gets reversed 

Which reaction will take place at cathode when fused calcium 
chloride is electrolysed? 
(a) can +2e ——»Ca 


Ctr <I = 


() Cr —3 C4 
@ t- —301 


. In electrolysis oxidation takes place at: 


(a) both the electrodes 


ae eee re eas a 


(c) Zn?*(g) + 2e7 —> Zn 


: (a) an electrolytic cell 


(d) in the solution 


The equation representing the process by which standard 
reduction potential of zinc can be defined is: 


(a) Zn**(s) + 2e° —> Zn 


(c) anode 


(d) Zn**(aq.) + 2e° —> Zn(s) 

The measured potential for, 
Mg** + 2e7 

does not depend upon: 

(a) raising the temperature 


=== Mg(s) 


(b) increasing the concentration of Mg?* ions 
(c) making the magnesium plate bigger 
(d) purity of magnesium plate 
All cells do not contain: 
(a) an anode (b) a cathode 
{c) ions _ (d) a porous partition 
When lead accumulator is charged, it is: 
(b) a galvanic cell 
(c) a Daniell cell (d) none of these 
The standard electrode potentials for the reactions, 
Ag*(ag.) + € ——> Ag(s) 
Sn**(aqg.) + 26 —— Sn(s) 
at 25°C are 0.80 volt and — 0.14 volt respectively. The emf of 
the cell, : 
Sn | Sn**(1 M)||Ag*(1 M) | Ag 
is: : 
(a) 0.66 volt (b) 0.80 volt (c) 1.08 volt (d) 0.94 volt 
The cathodic reaction in electrolysis of dilute H,SO, with 
platinum electrode is: 
{a) oxidation , 
(b) reduction , 
(c) both oxidation and reduction 
(d) neutralization 
Strongest reducing agent is: 
(a) K (b) Mg (c) Al (d) I 
The metal oxide which decomposes on heating, is: 
(a) ZnO (b) HgO (c} ALO, (d) CuO’ 


$2. 


53. 


841 


The reaction, ~ H,(g) + AgCl(s) = H*(ag.) + CI"(aq.) + Ag(s) 
(AFMC 2009) 


(a) Ag | AgCl(s) | KCI (soin.) || AgNO, (soln.) | Ag 


occurs in the galvanic cell: 


-(b) Pt| H,(g)| HCI (soln.) || AgNO, (soln.) | Ag 


(c) Pt| H,(g) | HCI (soln.) || AgCI(s) | Ag 

(d) Pt| H,(g)| KCI (soln.) || AgCl(s) | Ag 

The standard oxidation pone E°, for the half reactions 
are as, 


Wi Tat E°=+0.76volt - 


E° =+04l volt 


+ 3% 


Fe ——> Fe?* +2¢@; 


~~The emf of the cell, ———— Zn 2+ Pei is: 


54.. 


| 55 


56. 


3. 


58. 


(a) Zn 


(a) Pb(NO,), (b) AgNO, 


[CET (Karnataka) 2009] 
(a) + 0.35 volt (b) — 0.35 volt 
(c) +1.17 volt (d) -1.17 volt 


The. standard. reduction -potentials-at-25°C. ‘for. the. following 
half reactions are given against each; 


Zn?* (ag.) + 2e° === Zn(s); - 0.762 
Cr°* (aq.) + 36° == Crx(s); — 0.740 
2H’ + 2e° == H,(g); 0.00 
Fe’* +e" == Fe’*; 0.77 
Which is the strongest reducing agent? (VITEEE 2007) 


(b) Cr 

(c) H,(g) (d) Fe**(aq) 

Hydrogen gas will not reduce heated: 

(a) cupric oxide (b) ferric oxide 

(c) stannic oxide (d) aluminium oxide 

A solution containing one mole per litre of each Cu(NO,),; 

AgNO,; Hg,(NO;), and Mg(NO;), is being electrolysed by 

using inert electrodes. The values of standard electrode 

potentials (reduction potentials) are’ Ag/Ag* = 0.80 volt, 

aE = 0.79 volt, Cu/Cu?* = + 0.24 volt, Mg/Mg** 

=-— 2.37 volt. With increasing voltage, the sequence of 

epee of metals on the cathode will be: ; 
[PMT (Kerala) 2004] 

(a) Ag, Hg, Cu (b) Cu, Hg, Ag” 

(c) Ag, Hg, Cu, Mg (d) Mg, Cu, Hg, Ag 

Four colourless salt solutions are placed in separate test tubes 

and a strip of copper is dipped in each. Which solution finally 

turns blue? 

(c) Zn(NO,), (d) Cd(NO,), 

Red hot carbon will remove oxygen from the oxide XO and YO 

but not from ZO. Y will remove oxygen from XO. Use this 

evidence to deduce the order of activity of the three metals X , 

Y and Z putting the most active first: 

(a) XYZ (b) ZY¥X (c) YXZ (d) ZXY 

Which of the following metals does not give the following 

reaction? 

M + Water —— > Oxide or hydroxide + H, 


(a) Iron (b) Sodium (c) Mercury (d) Magnesium 


842 


60. 


61. 


62. 


{ec} Na and S 
63. 


67. 


68. 
" “(a) increases by 0.030 volt 


69. 


70. 


71. 


72. 


Mere as 


_ (a) 0.059 volt 
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Which is the best reducing agent? 


(a) FO (b) Cl” (c) Bro (d) 17 

If a spoon of copper metal-is placed in a solution of ferrous 
sulphate: 

(a) Cu will precipitate out » 

(b) iron will precipitate 

(c) Cu and Fe will precipitate 

(d) no reaction will take place 

Among Na, Hg, S, Pt and graphite, which can be used as 
electrodes in electrolytic cells having aqueous solutions? 

(a) Hg and Pt (b) Hg, Pt and graphite 

_(d) Na, Hg and S- 


73. 


74, 


(b) Temperature is 25°C 
(c) Pressure of hydrogen is | atmosphere 


(d) It contains a metallic conductor which does not absorb 
_hydrogen 


The electrode potential becomes equal to standard electrode 


potential when reactants and products ratio is: 
(a) equal to | (b) greater than | 
(c) less than 1 (d) none of these 
For the half-cell reaction, 

Au** +3e7 —> Au 
the value of » used in Nernst equation is: 


(a) 3 (b) 2. (c) 1 (d) 3 x 96500 


The most reactive metal among the following is: 

(a) Al (b) Ni (c) Pb (d) Cu 

Which of the following metals is most readily corroded i in 
moist air? 


7 (ay Copper: area SceePaR (Se HONS ie 


(c) Silver ~ (d) Nickel 


- Which one will liberate Br, from KBr? 


(a) HI (b) I, (c) Cl, (d) SO, 


. Which one of the following i is not the correct representation? 


(a) Even = Red. pot. of cathode + Oxid. pot. of anode 
(b) Ee, = Red. pot. of cathode — Oxid. pot. of anode 
(c) Bay = Red. pot. of cathode — Red. pot. of anode 


(@) Eon = Oxid. pot. of cathode + Oxid. pot. of anode 
Which of the following represents the potential of silver wire 
dipped into 0.1 M AgNO, solution at 25°C ? 

(8) Era, (b) (Exeg, + 0.059) 

~ 0.059) (d) (En4, — 0.059) 

If the solution of the CuSO, in which copper rod is immersed 
js diluted to 10 times, the electrode potential: - 

(b) decreases by 0.030 volt 

(c) increases by 0.059 volt (d) decreases by 0.0059 volt 

A solution of Cu(II) sulphate is reacted with KCI and KI. In 


- which case will the Cu?* be reduced to Cu*? 
_ (a) In both the cases , 


(b) When reacted with KCl 

(c) When reacted with KI 

(d) In both the cases but in presence of H* 

From the electrochemical series, it can be concluded that: 
(a) Zn* will liberate H, from 1 M HCI 

(b) Ag metal reacts spontaneously with Zn* 

(c) Zn metal will liberate H, from | 4 HCl 

(d) Ag metal will liberate H, from 1 M HCI 

The potential of a hydrogen electrode at pH = lis: 


(b) 0 volt 


{c) — 0.059 volt (d) 0.59 volt 


‘Which is not true for a standard hydrogen electrode? 


(a) The hydrogen ion concentration is 1 M- 


75. 


...(c)_.water loses electrons 


. 76. 


77. 


78.. 
_ best oxidising agent? 


79. 


. 80. 


81. 


82. 


83. 


84. 


85. 


-Cu?*/Cu = + 0.34 volt, 


_(c) evaporated 


(a) Cu 


When a piece of sodium metal is dropped in water, a reaction 
takes place to yield hydrogen because: , 
(a) sodium loses electrons 

(b) sodium acts as an.oxidising agent 


(d) water acts as a reducing agent | 


Which one is the wrong statement about- electrochemical 
series? 


_ (a) Active metals have negative reduction potentials 


(b) Active non-metals have positive reduction potentials 
(c) Metals above hydrogen liberate hydrogen from acids 
(d) Metals below hydrogen are strong reducing agents 
Fhe reduction potential values are given below: 
AP*/Al = -1.67 volt, Mg?*/Mg = — 2.34 volt, 
1/21” = + 0.53 volt. 
Which one is the best reducing agent? 
(a) Al (b) Mg 
(c) Cu (d) I, 
From the values given in question No. 77, which one is the 


(a) Al (b) Mg 
When iron is rusted, it is: © 
(a) reduced 


(c) I, (d) Cu 
(b) oxidised 
(d) decomposed 
Galvanization of iron denotes coating with: ; 
(b) Sn- (c) Zn _(d) Al 
The standard electrode potentials of four elements A,B,C and 
D are ~3.05, 1.66, -0.40 and 0.80 volt. The highest chemical 
activity will be shown by: 
(a) A (b) B (c) C (d) D 
Which of the following methods does not liberate hydrogen? 
(a) Zn + H,SO, (dil) (b) Mg + H,SO, (dil.) 
(c) Cu + H,SO, (dil.) ~ (d) Zn + HCI dil.) 
A depolarizer used in dry cell is: . 
(a) ammonium chloride (b) manganese dioxide 
(c) potassium oxide (d) sodium phosphate 


. The oxide which can be reduced by hydrogen is: 


(a) Na,O° = (b) CaO (c) K,O0 (d) CuO 
The reference electrode is made from which of the following? 
(a) ZnCl, (b) CuSO, (c) Hg,Cl, (d) HgCl, 


86. 


Be Ge 5 Fe; 
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93. 


94. 


95. 
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Given, standard electrode potentials; 
Fe** +3e ——» Fe; E° = — 0,036 volt 
E° = — 0,440 volt 


The standard electrode potential E° for Fe** + e7 ——> Fe”* 
is: [AMU (Medical) 2007; ATEEE 2009] 


(a) — _ 0.476 volt (b) — 0.404 volt 

(c) 0.440 volt (d) - 0.772 volt 

[Hint: Apply AG =-—1nFE 

Fe’* + 2¢° —> Fe AG =-2x F x (- 0.440 V) = 0.88F (i) 
Fe™ +3¢° —-> Fe AG =-3x F x (-0.036)=0.108F —_...(ii) 
Subtracting eq. (i) from eq. (ii), 


' Fe’* + 2e° —> Fe: . 


AG = 0108F — 0.880F 
=-0.772F 
ae se Comer) = 0.772 volt] 


E° for the reaction = -—— = 
nF 1xF 


-K,. Ca-and-Li-metals-may- be-arranged. in the decreasing-order - 


of their standard electrode potentials as: 

(a) K, Ca and Li (b) Li, K and Ca 

(c) Li, Ca and K (d) Ca, LiandK 

In a galvanic cell energy changes occur like: | 

(a) chemical energy ——> electrical energy 

(b) electrical energy ——> chemical energy 

(c) chemical energy ——> internal energy 

(d) internal energy ——> electrical energy 

The reaction is spontaneous if the cell potential is: 

(a) positive (b) negative 

(c) zero | (d) infinite 

Is the reaction, 2Al + 3Fe”* == 2Al** + 2Fe possible? 

(a) No, because standard oxidation potential of Al < Fe 

(b) Yes, because standard oxidation potential of Al > Fe 

(c) Cannot be predicted 
‘(d) Yes, because aluminium is a strong oxidising agent 

In an experimental set-up for the measurement of emf of a 
half-cell using a reference electrode and a salt bridge, when 


- the salt bridge is removed, the voltage: 


(a) does not change (b) increases to maximum 

(c) decreases half the value (d) drops to zero 

More electronegative elements have: 

(a) negative reduction potential 

(b) tendency to lose electrons 

(c) positive reduction potential 

(d) positive oxidation potential 

Which metal will be deposited in the galvanic cell? - 
Cu| Cu || Ag* | Ag 


(a) Cu -(b) Ag 

(c) Both -(d)} None of these 

In the cell Zn | An ica" Cu, the negative electrode is: 
(a) Cu - - (be) Cu ~~ (&) Zn (d) Zn** 
Which of the following gains electrons more easily? 

(a) Na* (b) Zn?* 

(c) Al** 


(4) Ht 
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The potential of a hydrogen electrode at pH 10 is: 
(a) 0.51 volt . (b) 0 volt 
(c) - 0.591 volt (d) 0.059 volt 
The emf of the cell, : ae , 
Ni| Ni2* (1.0 M) || Ag* (1.0 M)| Ag 
(E® for Ni?*/Ni = — 0.25 volt, E® for Ag*/Ag = 0.80 volt) 
is given by: : 
(a) — 0.25 + 0.80 = 0.55 volt 
(b) — 0.25 — (+ 0.80) = - 1.05 volt 
(c) 0+ 0.80 — (~ 0.25) = + 1.05 volt 
(d) - 0.80— (— 0.25) = — 0.55 volt 
-The-reaction-for-the-cell, 
Zn | Zn?* (1.0'M)|| Cd?* (1.0 M)| Ca 


1S: 
(a) Cd —» Cd** + 26° 


(c) Cd + Zn?* —-» Cd?* + Zn 

(d) Zn + Cd?* —» Cd + Zn?* 

The position of some metals in the electrochemical series in 
decreasing electropositive character is given as Mg > Al > Zn. 
> Cu> Ag. What will happen if a copper spoon is used to stir a 
solution of aluminium ‘nitrate? 

(a) The spoon will get coated with aluminium 

(b) An alloy of aluminium and copper is formed 

(c) The solution becomes blue 

(d) There is no reaction 

The half-cell reaction is the one that: 

(a) takes place at-one electrode 

(b) consumes half a unit of electricity 


’ (c) -involves half a mole of electrolyte 


102. 


103. 


(d) goes half way to completion 


Which Nernst equation is true to find out the potential of 
non-standard electrochemical cell from the following? . 


Fe(s) |Fe™* (xM )|17 (ag. )|Io(s) (PO) 


[CET (Gujarat) 2008] 
8 0.592 
(a) Ena = = Eve ~ ; logiy [Fe7* ]{T P 
0.0592 . 
(b) Fea = Eee — log ig [Fe** ][T 7 
0.0592 
(©) Eey = Eee ~ logyo [Fe™* ] {I ] 
ee [Fe*](0 7 
4) E, = Eo = ——— lon 
(d) “cell ~ “cell nF ©10 [Fe] (l] 


During the electrolysis of fused NaCl, which reaction occurs 
at anode? 


(a) Chloride ions are oxidised 
(b), Sodium ions are oxidised 


(c) Chloride ions are reduced 


(d) Sodium ions are reduced 
E°(Ni2*/Ni) = — 0.25 volt, E°(Au**/Au) = 1.50 volt. The 
emf of the voltaic cell, , 


. 844 
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Ni{ Ni2* (1.0 M) || Au z (1.0 M)| Au 113. Which one of the following will increase the voltage of the 
is: : - cell? . 
(a) 1.25 volt ' (b) —1.75 volt (c) 1.75 volt (d) 4.0 volt Sn + 2Ag" —+> Sn** + 2Ag 
Which of the following does not occur at cathode? (a) Increase in the size of silver rod F 
(ay Re? Aaa (b) Fe2* Fett +e (b) Increase in the concentration of Sn~* ions - 
en oe . Ht a (c) Increase in the concentration of Ag” ions 
(c) ae * - Ce, a Hey oe * ({d) None of the above 
The SHTong oxidising agent has: 114, A chemist wants to produce Cl, (g) from molten NaCl. How 
(a) high value of reduction potential many grams could be produced if he uses a steady current of 2 
(b) high value of oxidation potential ampere for 2.5 minutes? 
(c) low value of reduction potential {a} 3.55 g (b) 1.7752 (c) O.110¢g (d) 0.17752 
(d) high tendency to lose electrons 115. In the electrolysis of CuCl, solution, the mass of cathode 
The passage of electricity in the Daniell cell when Zn and Cu increased by 6.4 g. What occurred at copper anode? 
electrodes are connected is from: (a) 0.224 litre of Cl, was liberated 
(a) Cu to Zn in the cell (b) 1.12 litre of oxygen was liberated - f 
(b) Cu to Zn outside the cell (c) 0.05 mole Cu?* passed into the sohition 
__{c) Zn to Cu outside the cell _.... (@) 0.1 mole Cu’ + passed ii into the solution = 
(d) Zn to Cu in the cell 116. Consider the reaction, 
Which of the following can be used as an electrode? Cl,(g) + 2Br-(ag.) —> 2CI"(aq.) + Bry 
(a) A glass rod (b) A wooden ‘stick The emf of the cell, when [(Cl” ] =[Brm] =[Br ] = 0.01 M@ and 
‘(c) Anail (d) A soda straw Cl, gas is at | atm pressure, will be: (Z ° for the above reaction 
H ions are reduced at platinum electrode prior to: is 0,29 volt) 
(a) Zn2* (b) Cu2* (c) Ag* (d) 1, oe (a) 0.54 volt (b) 0.35 volt (c) 0.24 volt .(d} — 0.29 volt 
Which of the following statements is wrong? 117.- if x, d., and A° refer to equivalent conductance of a cation, an 
(a) F, is the strongest oxidising agent as its reduction Foren anion and equivalent conductance of the salt at infinite 
is high - dilution, then according to Kohlrausch’s law: 
(b) o the weakest reducing agent as its reduction Seieaia (a) 2 = x + i (b) Ao = ae a r. 
is low ° , 40 
(c) Liis the strongest reducing agent as its oxidation potential (c) A° = a (d) A° a te Xa 
is high eo % 118. How hee silver will be obtained by that quantity of current 
(d) F~ ion does not show reducing property which displaces 5.6 litre of H,? [PMT (Pb.) 1993] 
Out of Cu, Ag, Fe and Zn, the metal which can displace all (a) 54g (ob) 13.5¢  {c) 20g (d) 108 g_ 
others from their salt solution is: 119, The specific conductance of a salt of 0.01 M concentration is 
(a) Ag (b) Cu (c) Fe. (d) Zn 1.061 x 107+. Molar conductance of the same solution will be: 
ae - ies sy is passed wae ‘ yee eke [PMT (Pb.) 1993] 
electrolyte, the positive ions move towards cathode an 4 
negative ions towards the anode. If the cathode is pulled out of oii ree _ a <a cue ae cee : 
the solution: p at is the number of coulombs required for the conversion 
(a) the positive and negative ions will move towards anode - of one mole of MnO, to one mole of Mn se 
(b) the positive ions will start moving towards the, anode [MBBS (Orissa) 1993} 
. while negative ions will stop moving (a) 5x 96500 {b) 3x 96500(c) 96500 (d) 9650 
{c) the negative ions will continue to move towards anode — 421, Which of the following solutions of NaC! will have the highest 
while positive ions will stop moving specific conductance? 
({d) the Positive and negative ions will start moving randomly, (a) 0.001N (b) O.1N (c) 0.01N (da) 1.0N 
The oxidation potentials of Zn, Cu, Ag. H, and Ni it 0.76, 122. The equivalent conductance of a } N solution of an electrolyte 
= 0.34, - 0.80, 0 and 0.25 volt respectively. Which of the is nearly: 
sOWwINg reactions will provide maximum voltage? 16° : ; if rr 
[PET (Kerala) 2007] (a) is is speci he conductance 
(a) Zn + Cu2* Cu + Zn2* (b) 10 uns its specific conductance 
4 eae {c) 100 times its specific conductance 
eae is een . (A) the same as its specific conductance 
+ + 
(c) H, + Cu" ——s 2H" + Cu 123. Zinc is coated over iron to prevent rusting of iron because: 


(d) H, + Ni?* —~» 2H* + Ni 
(e) Zn(s) + 2H” (ag.) === Zn** (ag.) + Hy(g) 


° 


(a) itis cheaper than iron —_(b) Ee. 24/79) = E 2+ iF) 
2] o 
(c) Ean2*/2n n) < Epo (d) Enis mt E ed Re) 
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124. Free energy change (AG) is related to the emf of the cell (E) 133. An example of a simple fuel cell is: 
. i ~ {a) lead storage battery (b) H, — O, cell 
(a) E=—nF AG (b) AG =—nFE (c) Daniell cell - Lechlanche cell 
RT 4 nF 134. For the cell reaction: 
: : oe Ee 18 +3.17 V at 298 K The value of E AG® nid O at 
125.. The standard reduct tentials at 25°C of Li*/Li, cell ; cell 
: , are nee elie ie ne 3 7 = a Ag” and Mg** concentrations of 0.001 M and 0.02 M 
Ba”"/ Ba, Na’/ Na and Mg’ / Mg are — 3.05, — 2. ke respectively are: (ISAT 2010) 
and — 2.37 volt respectively. Which one of the following is the (a) 3.04 V, -605.8 kJ mol, 20000 
strongest oxidising agent? (b) 3.04 V, 611.8 k} mol”, 20000 
+ of . 3 1 3 ; 
cae ease (c) 3.13 V, -604 kJ mot”, 20 
(c) Ba™* @) Me (a) 3.04 V, -611.8 kJ, 20000 a 
126. Three faradays of electricity was passed through an aqueous (Hint: B= + 3. 7 V,n= 
solution of iron(I1) bromide. The mass of iron metal (At. mass ve [Mg] _ 0.02 = 20000 
56) deposited at the cathode is: (EAMCET 1991) [Ag F [ooo ~ 
(a) 36¢ (b) 84 g (c) 112g. (d) 168¢ AG° = -nFE° 
127. . The standard electrode potentials. of Zn, Ag-and-Cu-are—-0.76, -~ - = =2x96500X3.17. = 
0.80 and 0.34 volt respectively; then: =—61 ee 
(a) Ag can oxidise Zn and Cu E= E- logigQ 
(b) Ag can reduce Zn?* and Cu* Baia 0.059 (2.0000) F 
(c) Zn can reduce Ag* and Cu?* re : 
oa : =+3.04V 
(4) Cucan oxidise Zn'and Ag 135. Which of the following statements is correct? 
128. The standard emf for the cell pia tna (a) The temperature coefficient of electrolytic conductance is 
Zn + Cu** —— Zn** + Cu aed positive 
is 1.10 volt at 25°C. The emf for the cell reaction when 0.1. 4 (b) The temperature coefficient of electrolytic resistance is 
Cu** and 0.1. MZn7* solutions are used at 25°C is: negative 
_ (MLNR 1994) (c) it eee of an eecuolys decreases with- decreasing 
a) Elo volt gO) DEERO Volk (d) The resistance of electrolytic conductors is independent of 
(c) — 1.10 volt (d) — 0.110 volt temperature 
129. oe ee Gas Lae ue 136. Kobhlrausch’s law states that at: CBSE (PMT) 2008] 
3 4 3 Be dl gale . i ae 
~ The ratio of amounts of cations reduced at cathode will be: (a) ee te Slory eben euns pea = 
lwe:3 b) 2:1:3 conductance of an electrolyte, whatever be the nature o 
i 3 . 5 6-3-2 the other ion of the electrolyte 
130. In the electrolysis of an aqueous solution of NaOH, 2.8 litre of (6) ee SRR WR sis eee ke 
oxygen gas at NTP was liberated at anode. How much of he cate i hep ars Gaeahihe ee 
hydrogen g liberated at cathode? 
. : ae ne Eo annne e a . pies (c) finite dilution, each ion makes definite contribution to the 
7 eli 4 99 4 litr equivalent conductance of an electrolyte, whatever be the 
(c) 11. i ( Nes me d 0.799 vol nature of the other ion of the electrolyte 
131. Two ha eclls Dave -porenuals: 0: pies ons: Meay (d) infinite dilution, each ion makes definite SouRbunon to 
pespecivelys ‘These idicbataiey ai te atlake-aigalvanicscell. equivalent conductance of an electrolyte depending on the 
Which of the following will eae ; nature of the other ion of the electrolyte 
(a) Electrode of half-cell potential - 0.44 V will act as anode f ; re ahs 
; ; 137. Which one of the following conditions will increase the 
(b) Electrode of half-cell potential - 0.44 V will act as ioitage’6f the cell epresenied by thevequation? 
cathode = ; 
+ — 2+ 
(c) Electrode of half-cell potential 0.799 V will act as anode - Cu(s) + 2Ag  (ag.) = Cu” (ag.) + 2Ag(s) (KCET 2006) 
(d) Electrode of half-cell potential - 0.44 V will act as a’ 5 estes in vi eases a aha 
positive terminal ncrease in the dimension of Ag electrode 
132. When a icad storage battery is charged: (c) Increase in the concentration of Cu* ion 
(a) PbO, dissoives (d) Increase in une, ContentaliGn: of Ag* ion 
(b) the lead electrode becomes coated with lead sulphate (Hint: Cell voltage will increase, either by increasing the 
(c) sulphuric acid is regenerated Soneaugn of Cu** ion or by decreasing the concentration of 
(d) the amount of acid decreases Ag”. , ; 
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- 138. 


139, 


140. 


141. 


142. 


143. 


144. 


_(Cu?*] 
[Ag* ] 
Lesser is the value of Q, greater is the cell voltage. ] 


charging of storage battery? =. 
(a) Pb?*+2e:— > Ph 
(b) Pb —> Pb?* + 227 

(c) Pb** + SOf” —-> PbSO, 
(d) PbSO, + 2H,O —> PbO, + 4H* + SOF + 2e7 

The amount of silver deposited on passing 2F of electricity 


(MGIMS 2007) 


__._ through aqueous solution of AgNO, is: _ (MHT-CET 2007). 
(a) 54g eye g (c) 216g (d) 324 ¢ 
Statements:. 

Gi) Unit of specific eonthictivity i is ohm ! em. 
_ Gi) Specific conductivity of strong eeotoyes sadaceheecoe on 
~ dilution. ~ PEA ai aaa 


(iti) The amount of an ion divcharged during electrolysis does 
not depend upon resistance. 

(iv) The unit of electrochemical equivalence is g/coulomb. 
(a) All are correct 

(b) All are wrong 

(c) Only (i), (ii) and (iv) are correct 

(d) Only (ii), (iii) and (iv) are correct 

Which among the following expressions is/are not correct? 


(a) Bo =, A+ y Ae 
(Bar eae eee 
n ni, 


(c) cation = Mestion x faraday 


(d) anion = Meation x faraday 
For the electrochemical cell, M |M* ||X~ 
0 o . . 
Ey 7 0.44 Vand E. .. = 0.33 V. From this data we can 
deduce that: [LIT (Screening) 2000] 


(a) M + X —-+ M* + X~ is the spontaneous reaction 
(b) M* +X~ ——» M +X is the spontaneous reaction 
(©) Exe = 0.77V 

(d) Eo. = - 0.77V 

For the cell reaction, 


Cu?*(ag.) + Zn(s) —9 Zn? (ag.) + Cuts) 
€,) (Cy) 


the change in free energy (AG) at a given temperature is a 


function of: (CBSE 1998) 
C 
inc b) In| —4 
(a) inc, (b) ( C, 
(c) In (C, + Cy) (d) Inc, 


The standard reduction potential values of three sictallie 
cations XY, Y and Z are 0.52, -3.03 and ~1.18 V respectively. 
The order of reducing powers of the corresponding metals is: 


(IT 1998) 


Which -of the following reactions occurs at cathode during - 


145, 


146.: 


oars 


149. 


150. 


151. 


' potential of Z > Y > X, then: 


_ g of silver is: 


‘The emf of the cell in which the following reaction, ~~ 
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(a) Y>Z>X (b) XY >¥>Z 

(c) Z>Y>X (d) Z>X >Y¥ 

A gas ‘X° at 1 atm is bubbled through a solution containing a 
mixture of 1 MY and 1 M Z™ at 25°C. If the reduction 
(HIT 1999) 
(a) ¥ will oxidise X and not Z 

(b) Y will oxidise Z and not X 

(c) Y will oxidise both Z and Y 


. (d) Y will reduce both X and Z 


The-number of coulombs required for the deposition of 107.87 
[PMT (MP) 1998] 


(a) 48250. (b) 10000 (c) 96500) 19300 


_.-147, At 25°C, the.standard_emf.of_a-cell_naving reaction involving ——- _. 


two electrons change is found to be 0.295 V. The equilibrium 
constant of the reaction is: (IIT 1999) 


(a) 29.5 x 107 
(c) 1x 10° 


(b) 10 
‘(d) 29.5x 10 


Zn(s) + Ni2* (0.1 44) ——> Zn** (1.0 M) + Ni(s) 
occurs, is found to 0.5105 Vv at 298 K. The standard emf of the 


cell is: (UT 1998) 
(a) 0.4810 V “(by 0.5696 ~ 

(c) — 0.5105 V (d) 0.5400 V 

DBlint: Bay = Ey ~ 5? tog =] 


2 


. The molar conductances of see HCl and CE Coons at 


infinite dilution are 126.45, 426.16 and 91 ohm™! cm? mol! 
respectively. The molar conductance of CH,COOH at infinite 
dilution is: . [CBSE 1997; pee ee 
(a) 201.28 ohm™! cm ? mol (b) 390.71 ohm! cm? mol! 


‘(c) 698.28 ohm?! cm ee (d) 540.48 ohm! cm” mol! 


The specific conductance of a 0.1 N KCI solution at 23°C is 
0.0112 ohm”! em”. The resistance of the cell containing the 
solution atthe same temperature was found to be 55 ohm. The 


cell constant will be: - . (CBSE 1999) 
(a) 0.142 om? (b) 0.918 cm” 
(c) 1.12em? (d) 0.616 cm! 


Which of the following plots represents correctly variation of 
equivalent conductance (A) with dilution for a strong 
electrolyte? 


A 
Dilution Dilution 
(a) (b) 
A 
Dilution Dilution 
(c) (d) - 
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152. The standard reduction potential for Cu?*/Cu io 
Cu**/Cu* are 0.337 V and 0.153 V respectively. The 
standard electrode potential of Cu” / Cu half cell is: 

[AMU (PMT) 2009; CBSE (PMT) 2009] 
(a) 0.184 V (b) 0.827 V 
(c) 0.521 V (d) 0.490 V 
153. Solubility ofa sparingly soluble salt § , specific conductance k 


160. What is the amount of chlorine evolved aie 2 ampere of 
current is passed for 30 minutes in an aqueous solution of 


NaCl? (BHU 1998; AILMS 1999) 
(a) 66g (b) 1.322 
(c) 33g (d) 99g 


161. When 9.65 coulomb of electricity is passed through a solution 
of silver nitrate (Atomic mass of Ag = 108 g mol” '), the 


and the equivalent conductance A, are related as: amount of silver deposited is: (KCET 2000) 
[IAS (Pre.) 1997] (a) 16.2 mg _(b) 21.2 mg 
1000 (c) 10.8 mg (d) 6.4 mg 
@ a) S= =e © (b) S=KA, 162. The quantity of electricity needed to deposit 127.08 g of 
. 1000x "copper is: [CET (Pb.) 2000; PET (MP) 2004] 
ras (c) oS ane 2st (d) s = A Se eee See et (a) 1 faraday (b) 4coulomb 
ont, : a (c) 4 faraday (d) 1 ampere 


154, 2Ag*(aq.)+ Cu(s)<== Cu** (ag.) + 2Ag(s) 
(Eq = + 0.46 V) 
Which change will increase potential the most? ; 
_ (a) Doubling the [Ag™] 
(b) Halving the [Cu*] 
(c) Doubling the size of Cu electrode 
(d) Halving the size of Ag electrode 


155, Asa lead storage battery is charged: ee (MP) 1993, 2000] - 


(a) lead dioxide dissolves 

(b) sulphuric acid is regenerated : 

(c) lead electrode becomes coated with lead sulphate 

(d) the concentration of sulphuric acid decreases 
156. In the electrochemical reaction, 


2Fe?* + Zn —— Zn2* + 2Fe** 


increasing the concentration of Fe** 

(a) increases the cell emf 

(b) increases the current flow 

(c) decreases the cell emf 

(d) alters the pH of the solution 
157, In the cell reaction, 

Cu(s) + 2Ag*(ag.) —> Cu?*(aq.) + 2Ag(5). 
Eve = = 0.46 V. By doubling the concentration of Cu**, E, 


cell 


is: [MEE (Kerala) 2000) 
(a) doubled 


{b) halved 
‘(c) increased but less than double 
(d) decreased by a small fraction 


[CEE (Kerala) 2000| 


158. The conductivity of 0.01 mol/dm* aqueous acetic acid at 300° 


K is 19.5x10° ohm! cm? and the limiting molar 
conductivity of acetic acid at the same temperature is 390 
ohm! cm? mol". The degree of dissociation of acetic acid.is: 
[IAS (Pre.) 1995] 
* (a) 0.5 (b) 0.05. (c) 5x 10°. (d) 5x10” 
159. The ionization constant of a weak electrolyte is 25% ip? 
while the ee conductance of its 0.01 M solution is 
19.6 s cm* eq The equivalent conductance - of the 
electrolyte at infinite dilution (in s cm? eq” ') will be: 
[IAS (Pre.) 1998] 
(a) 250 
(c) 392 


(b) 196 
(d) 384 


163. The charge required to deposit 9 g of Al from Al** solution is 
_ (At. wt. of Al= 27.0): © {MEE (Kerala) 2000] 
{a) 3216. 3 (b) 96500 C {c) 9650C — (d) 32163 C 


164... The.emf of the cell NilNi2* (1.0.M4).I! Au2*.0-ADIAu-is (Eo — - 


_ for'Ni?* |Ni = - 0.25 V; E° for Au** |Au = 1.5): 
; [CET (Pb.)-2000; PMT (MP) 2u 
a +1.25V (b) +1.75V (c) -1.25V (4) -1.75 v- 
165, . For the reduction of silver ions with copper metal, the standard 
cell potential was found to be +0.46 V at 25°C. The value of 
standard Gibbs energy, AG® will be : 


(F = 96500C mol) (ALPMT 2010) 
(a) -89 kJ (b) -89 J 
(c) 44.5 kJ (d) -98 kJ 


166. In electrolysis of NaCl when Pt electrode is taken then H, is 


liberated at cathode while with Hg cathode it forms sodium 
. amalgam: [CBSE (PMT) 2002] 

(a) Hg is more inert than Pt 

(b) more voltage is required to reduce H* at Hg than at Pt 

(c) Na is dissolved in Hg while it does not dissolve in Pt 

(d) concentration of H* ions is larger when Pt electrode is taken 
167. Zn gives H, gas with H,SO, and HCI but not with HNO; 

because: [CBSE (PMT) 2002] 

(a) Zn acts as oxidising agent when reacts with HNO, 

(b) HNO, is weaker acid than H,SO, and HCl 

(c) in electrochemical series, Zn is above hydrogen _ 

(d) NO; is reduced in preference to hydronium ion *""” 


od 


168. A current is passed through two voltameters connected in 


series. The first voltameter contains XSO, (aq.) while the 

second voltameter contains Y;SO, (aq.). The relative atomic 
masses of X and ¥ are in the ratio 2:1. The ratio of the mass ls 
X liberated to the mass of Y liberated is: 


(a) t:1 (b) 1:2 
{c) 2:1 (d) none of these 
169, Which of the following reactions is possible at anode? 
‘ (AIEEE 2002) 
(a) 2Cr** + 7H,O —> CrOF +14H* 
(b) FE, ——> 2F~ 
() 5 0, + 2H* —> H,O 
(d) None of the above 
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-170. When the sample of copper with zinc impurity is to be purified _ 


by. electrolysis, the appropriate electrodes are: 
: _. (AIEEE 2002) 


Cathode Anode 
(a) Pure zinc Pure copper 
(b) Impure sample Pure copper 


(c)° Impure zinc Impure sample 


(d) Pure copper Impure sample 


171. Conductivity (Unit Siemen’s ‘S’) is directly proportional to 
area of the vessel and the concentration of the solution in it and 
is inversely proportional to the length of the vessel, then the 

. —unit.of constant of proportionality is:__ 
(a) S mmol! 


(c) S~ m* mol 
172. Zn(s) + Cu* (aq.) == 


(b) S m? mor 

(d)'S? m? mol? . 
Cu(s) + Zn’ (aq. ) 
[Zn2*]:: 


~~ Reaction quotient O= ic , variation E 
u 


"ne with OA = 1.10-volt. E.., = 1.1591 volt when: 


if 
i 
i 


Eel 
(0) 


log Q-—> 
(a) [Cu?*] / [Zn**] = 0.01 
.. (Zn**] /[Cu2*] = 0.1 


(b) [Zn?*] /[Cu?*] =0.01 
(d) [Zn**}/[Cu*}=1 


173. 1 which of the following cells will the emf be independent of 


the activity of the chloride ions? 

(a) Zn | ZnCl,(aq.) | Pt(Cl,) 

(b) Zn | ZnCl,(aq.) || KCi(ag.) | AgCl(s), Ag(s) 
(c) Ag, AgCl(s) | KCI(aq.) | Pt(Cl,) 

(d) Hg, HgsCl,(s) | KCK aq.) || AgNO,(aq.) |Ag(s) 


- 174, Standard electrode potential data are useful for understanding. 


the suitability of an oxidant in a redox titration. Some half-cell 
reactions and their standard potentials are given below: 


MnO; (aq.) + 8H*(ag.) + 56° ——> Mn?*(ag.) + 4H,O(/); 
; B= 151 volt 
C1,02-(a9 ) + 14H*(ag.) + 6 ——> 2cr* (aq.) + 7H,O(D); 


EP = 1.38 volt 
_Fe*(ag.) + & ——»,Fe**(aq.); E° = 0.77 volt 
Ch(g) + 2e —+ 3C1-tag.); E° = 1,40 volt 


- Identify the only incorrect statement regarding the quantitative 
estimation of aqueous Fe(NO,),: (UT 2662) 


(a) MnO, can be used in aqueous HCl 
(b) Cr,03” can be used in aqueous HCI 
(c) MnO, can be used in aqueous H,SO, 


(d) Cr,03" can be used in aqueous H,SO, 


175. The standard seauotian pone E°, for the - reaction are: 
Zn ——» Zn** +2e€; = 0.76 V 


E° = 034 V 


The ent for the cell reaction, Zn(s) + Cu2* > Zn?* + Cu(s) 


Cu —> Cu** + 26° ; 


is: {Bihar CECE (Pre.) 2004] 
(a) 0.42 V (b) - 042 V 
(c) -1.1V (d) +1.1V 


176. Ina galvanic cell, the electrons flow from: 
(a) anode to cathode through the solution 
(b) cathode to anode through the solution 
(c) anode to cathode through the external circuit - 


(KCET 2004) 


_.__ (ATEEE.2002) 


ey? col With O's Of the” 


“(d) cathode to anode through the external circuit 


_ 177. The standard emf of a galvanic cell involving cell reaction 


with = 2 is found to be 0.295 V at 25°C. The ee 
constant of the reaction would be: 


Given: Fs 96500 C mol |; R=8.314JK" mol 

et “TCBSE (PMT) 2004; ATEEE 2004, 
(a) 2x 10! (b) 4x10? 

(c) 1x 10? (ad) 1x 10°: 


178. The emf of the cell, 
Zn |Zn2* (0.01 M) Il Fe?* (0. 001 M)\Fe 
at 298 K is 0.2905 V then the value of equilibrium constant for 
the cell reaction is: {JIT (S) 2004] 


(a) e0-32/ 0.0295 (b) 1.9032/0.0295 


(c) 10°26! 0.0295 (d) 10°22 0.0591 


179. The standard emf of the following electrodes are; 


E 34 pet = 40.77 V; E; ren 


fe -0. 14V 


under standard conditions, the potential for the reaction, 


Sn(s) + 2Fe** (ag.) ——> 2Fe?*(ag.) + Sn?*(aq.) is: 


(ALEEE 2004) 
(a) 168 V(b) L40V O(c) 1.91 Vd) 0.63: V 
180. The highest electrical conductivity of the following aqueous 
solutions is of: ; : (ALEEE 2005) 
(a) 0.1 M acetic acid  (b) 0.1 M chloroacetic acid 
(c) 0.1 .M fluoroacetic acid (d) 0.1 M difluoroacetic acid 
181. Aluminium oxide may be electrolysed at 1000°C to furnish 
aluminium metai (Atomic mass = 27 amu; 1 faraday = 96500 
coulomb). The cathode reaction is: 
: Alt +3e —>Al 
' To prepare 5.12 kg of aluminium metal by this method we 
would require: {AIEEE 2005) © 
(a) 5.49 x 10’ C of electricity (b) 1.83 x 10’ C of electricity 
(c) 5.49 x 10° C of electricity (d) 5.49 x 10'° C of electricity 
182, During the process of electrolytic refining of copper, some 
metals present as impurity settle as ‘anode mud’. These are: 
. (AIEEE 2005) 
(a) Sn and Ag (b) Pb and Zn 
(c) Ag and Au (d) Fe and Ni 
183, When an acid cell is charged, then: 
(a) voltage of the cell increases 
(b) electrolyte of the cell dilutes 


(AFMC 2005) 


184. 


185. 


187. 


-(b) silver electrode acts as anode, then £ 
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(c) resistance of the cell increases 

(d) none of the above _ 

How many coulombs of electricity are required for the reduc- 
tion of 1 mole of MnO; to Mn?*? [PMT (Kerala) 2005] 
(a) 96500 C (b) 1.93 x 10°C 

(c) 4.83 x 10°C (d) 9.65 x 10°C 

(e) 5.62 x 10°C 

The standard electrode potential of Ag*/Ag is + 0.80Wand of 


Cu**/Cu is + 0.34 V. These electrodes are connected througha _ 


agalt bridge and if: ' [PET (Kerala) 2005] 


(a) copper electrode acts as cathode, then E,., is + 0.46 volt 


“() copper electrode acts as anode, then ee is + 0.46 volt 


(d) silver electrode acts as cathode, then Eon is — 0.34 volt 


~-(e) silver electrode:acts as anode; -then-E: 5 ‘is + 1. 14 volt. 
186. 


The half-cell reaction for the corrosion, 
2Ht +50, +2e —>H,0; E°=123V 
| Fe?* + 2e7° —> Fe(s); E°=-0.44V 
Find the AG ° (in kJ) for the overall reaction:. [HIT (S) 2005] 
(a)—76k} = (b) 322k) (c)-161 kJ (d)- 152k) 
(Hint: ; Fe(s) —> Fe’* + 2e; AG} 


2Ht +26 +40, > H,0(1); AG? 


Fe(s) + 2H* + 5 O, —> Fe’* + H,0; AG; 


AG; + AG; =AG; 
AGS = (-2F x 0.44) + (-2F x 1.23) 
= (-2 x 96500 x 0.44) + (-2 x 96500 x 1.23). 
= - 322310 J = -322 kJ] 


_ Applying 


What is the cell reaction occurring in Daniell cell (gaivacn 
cell)? . [CET (J&K) 2006] 
(@). Cu(s) + ZnSO,(ag.) —> CuSO,(aq.) + Zn(s) 


- _ (b) Zn(s) + CuSO,(aq.) — > Cu(s) + ZnSO,(aq.) 


188.. 


189. 


(c) Ni(s) + ZnSO,(ag.) — > NiSO,(aq.) + Zn(s) 
(d) 2Na(s) + CdSO,(aqg.) ——> Na,SO,(ag.) + Cd(s) 
What are the units of equivalent conductivity of a solution? 
(CET GE®) 2006} 

(a) mho cm” (b) ohmem™! g equiv” 
(c) mho cm™ 2g equiv = (d) mho cm? g equiv 
The amount of copper deposited by one faraday current will be 
maximum in an acidic solution of one litre of: 

[PMT (Kerala) 2006] 
(b) 2M Cu(NO,), 
(d) 5M Cu,(PO,), 


>i 


(a) 1M CuCl, 
(c) 5M CuSO, 
(e) 10M Cuk, 

[Hint: Greater is the equivalent mass, more is the amount 
deposited by 1 F charge.] 


eat i8 — 0.34 volt 


190. The reduction potential values of 14, N and O are +2.46V, 
-1.13V, —3.13V respectively. Which of the following 
orders i is correct regarding their reducing property? 


[JEE (Orissa) 2006] 
@) O>N> Me (b) O> M>N 
(c) M>N>O () M>O>N 


191. The molar conductivities of Nake: and Ajic, at infinite 
dilution in water at 25°C are 91 and 426.2 S$ cm? mol"! 
respectively. To calculate, Ayoa,, the additional value 


required 1S: (AIEEE 2006) 
(a) Agno (b), Axo) 
(c) Anson @) Anaci 


[Hint Anoac = Anaoact Aner Amc 
192. The equivalent conductances at infinite dilution of HCl and 
* NaCl are 426.15 and 126.15 mho cm? g eq’! respectively. It 
can be said that the mobility of: [CET (Gujarat) 2006] 
(a) Hé-ions is much more than that of Cl” ions 
- =(b): Cl" ions is much more than that of H*-ions- =~ 

(c) H® ions is much more than that of Na* ions 
(d) Na* ions is much more than that of H* ions 

193. The tendencies of the electrodes made up of Cu, Zn and Ag to 
release electrons when dipped in their respective salt solutions 
decrease in the order: (VITEEE 2006) 
(a) Zn > Ag > Cu (b) Cu > Zn > Ag 
(c) Zn > Cu > Ag (d) Ag > Cu > Zn 

194. The electrode reaction that takes place at the anode of 
CH, — O, fuel cell is: (VITEEE 2006) 

(a) 20, + 8H" + 8e° —-» 4H,O 

(b) CH, + 2H,O-—-» CO, + 8H* + 8e7 
(c) CH, + 20, —> CO, + 2H,O 
(d) 2H* + 2e ——»>H, 

195. Thecell, 

Zin(s)!Zn?* (1M Cu?* (1 M)1Cu(s) (Eo. = $1.10 V) 


was allowed to be completely discharged at 298K. The relative 


2+ 
concentration of Zn** to Cu** io =| is: 
[Cu"l} (AIEEE 2007) - 
(a) 9.65 x 10* (b) antilog (24.08) 
. (c)37.3 (d) 10°”? 
ate > 0.059, [Zn?*] 
a Eg, Ga] 
2+ 
0=1.10- 0.059 | iz" | 
2 [Cu**} 
[Zn2* ] ? 
lo = 37,3 
& [Cu?* 
wee 
ea ] 10777] 
[Cu**} : 
196. The efficiency of a cell is given by: [CBSE (Med.) 2007] 
AG AG ae 
toe (b) -— 
as j,AH 
c carl d— * 
©) AG : 9) AG 


850 


197, 
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An electric current of | amp is passed through acidulated 


water for 160 minutes and 50 seconds. What is the volume-of 
the hydrogen liberated at the anode (as reduced to NTP)? — 


205. Electrolysis of dilute aqueous NaCl solution was carried out 


by, passing 10 milli ampere current. The time required to 
liberate 0.01 mole of H, gas at the cathode is: (1 faraday = 


(SCRA 2007) 96500 C mol7!) (IIT 2008) 
(a) 1.12 litre (b) 2.24 litre (c) 11.2 litre (d) 22.4 litre (a) 9.65 x 10° sec (b) 19.3 x 104 sec 
(Hints Vv = an = (c) 28.95x 10° sec (d) 38.6 x 10* sec 
_ 1x 9650 x11.2 _ 1.12 litre] [Hint: Mass of 0.01 mol H, = ae 
oe ~ 96500 
198, The resistance of N/10 solution is found to be 2.5 x.10° ohm. 10se1022 : 
The equivalent conductance of the solution is (cell constant , 0.02 = ce A Sa 
= 1.25 cm y [PMT (Kerala) 2007] ook 
@ 2.5 ohm! cm* aay “! (b)5 ohm! cm? ene ae 7 ae 7 ; t=193 X10" sec] 
25 oh cel lV (4)5 oh -1 206. The emf of a cell containing sodium/copper electrodes Is 
fo) 29. 0nmn em’ equiv e (@)5. chine "ais" eauiy 3.05 V, if the electrode potential of copper electrode is 
(ec) 1.25 ohm” cm?” equiv + 0.34 V, the electrode potential of sodium is: — 

199. For strong electrolytes, the plot of molar conductance versus [Comed (Karnataka) 2008] 
me C is: (VITEEE 2007) (a)-2.71V. (b)+2.71V (©)-3.71V_ @+3.71V - 
Tees eS ~ (a) parabolic (6) Linear "207." What is the number of moles of oxygen gas evolved by _ 

(c) sinusoidal (d) circular electrolysis of 180 g of water? (SCRA 2009) 

200. How long (in hours) must a current of 5 ampere be maintained (a) 2.5 (b) 5.0 (c) 7.5 (d) 10.0 

to electroplate 60 g of calcium from molten CaCl,?_ 208. The Gibbs energy for the decomposition of Al,O; at 500°C is 
ol (VITEEE 2007) as follows : 4 
(a)27hours (b)8.3 hours (c) 11 hours (d) 16 hours 2 =. ; a -l 
201. Emf of hydrogen electrode in term of pH is (at 1 atm pressure): BOs rm 3 NO laae ner aoe aol 
(MHT-CET 2007) The potential difference needed for the electrolytic reduction 
es, =P on () Eu, = RT 1 of Al,0; at 500°C is at least: (AIEEE 2010) 
ee F pH (a) 2.5 V. (b) 5.0 V (c) 4.5 V (d) 3.0.V 
() Be Z 2.303RT pH (a) Eu, = — 0.0591 pH [Hint: In the ot patie ; 
=[2Al* ]+4e—>—Al (n=4) 
202. The rusting of iron is catalysed by which of the following? ap 3 
(MGIMS 2007) AG = —nFE 
(a) Fe (b) O, (c) Zn (d) Ht pa -AG _ 9661000 
203. On the basis of £° values, the strongest oxidising agent is : = cam sxoane 
[Fe(CN),]* —— [Fe(CN),]}* + e& E°=-035V - ie 
Fe?* —~> Fe** +e _ E°=-0.77V Set-2: The questions given below may have more 
& be [CBSE (PMT) 2008] than one correct answers 
: Fe?* b) [Fe(CN)g}°- . 
3 re ve OD : ¥el What is the difference between galvanic cell and electrolytic 
a (c) ae (d) Fe cell? 
B 204. Given E.. ie, =0:72-V; E ee ~0.42V (a) In galvanic Sell, lec energy is produced while in 
[Fe 


% 
Lia 
By 


~NEW LE TEITE 2 RIE TIE RLY IEE TE aI E NE DNA GOTT AED BA: 


The tee for the cell, ea (0.1M ) || Fe2* (0.01 )| Fe 


is: (ATEEE 2008) 
(a) — 0. 26 Vi (b)0.26V = (c) 0.339 Vs (d) - 0.339 V 


Hint: £2, =- 0.42 -(— 0.72)=+ 0.30V 

2Cr(s) + 3Fe** (0.01M) —— 2Cr** (0.1M) + 3Fe(s) 
[er]? [0.1]? 
[Fe*P [0.01] 


According to Nernst lear 


0.059. 
Bek — 1 lo8io 2 


0. 059 
6) 


QO= =10* 


= 0.30 - ———= log10* ( n=6) 


=0.261 V] 


electrolytic cell clectrical energy is consumed 

(b) In galvanic cell, anode is (—)ve while in electrolytic cell 
anode is (+)ve 

(c) In galvanic cell, cathode is (+)ve while in electrolytic cell 
anode is (—)ve 

(d) All are correct 

Ag|Ag*, KIIl AgI | Ag emf is £, then K,, of Agl is given as: 


nF 5E° 
a) K. = —“"—_ log E° (b In K,, =nF | —- E°'|: 
(a) 2 303RT © oe ne | 
a ak nFE° 
c) n Ky d) log K,, = ——_— 
(¢) ~ Ee () log Ky 2.303RT 


A hydrogen electrode is placed in a buffer solution of acetic 
acid and sodium acetate in the ratio y:x and x: y has 


ELECTROCHEMISTRY 


electrode potential values E, and E, volts respectively. pK, 


’ value for acetic acid is: 


£, + Ey E,-E E, 
‘(b 
(a) 0.118 (2) ier 
—(E, + E,) 
c) ———_— d 
(©) 0.118 @ naar 


(E, and E, are oxidation potentials) 


. For which electrolyte a = dv doesn’t hold good? 


Cy 


(a) CH,OH_ . (b) HCIO, 


(c) HCOOH (d) NaNH, 


. -The main factors which affect corrosion are? 


(a) position of metal in electrochemical series 


(b) presence of CO, in water 


(c) presence of impurities in metal 


12. 


‘13. 


(b) If same quantity of electricity flows through the scuttions 
of 0.1 MAgNO, and 0.1 M@ CuSO, solutions, same weight 
of silver and copper will be deposited , 

(c) Electrochemical equivalent has the units of grams per 
coulomb 

(d) Passage of one faraday of electricity produces one gre.2 - 
equivalent of the substance at the electrode 


. Which of the following statements is/are not correct? 


(a) Zn-Cu cell is called Daniell cell 

(b) Rust is Fe,03 

(c) Saline water slows down rusting 

(d) Pure metals undergo corrosion faster than impure metals 
In electrolysis of very dilute NaOH solution using platinum 
electrodes: 

(a) H, is evolved at cathode 

(b) H, is produced at anode 


_(d) presence of protective coating 


(c) Na is obtained at cathode 


% 


% 


(d) Electrolyte—AgNO, 


Which is correct about silver plating? 
(a) Anode—pure Ag 


_(b) Cathode—object to be aescoiaied 


(c) Electrolyte—Na[Ag(CN), ] 


10. 


Lead storage battery contains: 

(a) Pbrod as anode ~ 

(b) Pb rod as cathode 

(c) Pb plates coated with PbO, act as cathode 

(d) electrolyte is H,SO, 

During ‘the electrolysis of AgNO, (using Pt electrodes) 


concentration around cathode as well as anode falls from 444 
to 3M. What will happen if this happened with Ag electrodes? 


‘(a) Result will remain same 


(b) Concentration around cathode will: fall from 4M to 3M 
but around anode will increase from 4M to 5M 

‘(v) Reverse of statement (b) : 

(d) Concentration increases from 4M tor 5M on both the 
electrodes 

Emf of the cell Pt:H, (1 atm) | (ag. ) II AgCllAg i is 0.27 V 


and 0.26 V at 25°C and 35°C..Heat of reaction occurring - 
_ inside the cell at 25°C is: . 


(a) —54.8 kJ (b) 26.05 kJ 
(c) — 26.05 kJ (d) + 54.8 kJ 
Given that, 

Ni** /Ni = 0.25 V, Cu**/Cu = 0.34 V, 

Ag*/Ag = 0.80 V and Zn7*/Zn =~ 0.76 V__ 
which of the following reactions under standard condition will 
not take place in the specified direction? 


(a) Ni?*(ag.) + Cu(s) —> Ni(s) + Cu?*(aq.) 


_ (b) Cu(s) + 2Ag*(ag.) —> Cu**(aq.) + 2Ag(s) 


(c) Cu(s) + 2H*(aq.) —> Cu?*(aq.) + H,(g) . 


_ @ Zn(s) + 2H" ag.) —s Zn (aq.) + 3HQ(g) 
i. 


Which of the following statements is/are correct? 
(a) One faraday is the charge carried by one mole of electrons 


14. 


15. 


16. 


17. 


18. 


(d) O, is produced at anode 
We observe blue colour if: 


(a) Cuelectrode is placed in the AgNO, solution 
(b) Cu electrode is placed in the ZnSO, solution 
_(¢) Cu electrode is placed in the dil. HNO, _ 


(d) Cu electrode is placed i in dil. H,SO, 
In which of the following cell (s); E.. = Lae 


(a) Cu(s)| Cu?*(0.01 M) || Ag*(0.1 M) 1 Ag(s) 

(b) Pt(H,) | pH = 111 Zn2*(0.01 M) | Zn(s) 

(c) Pt(H,) | pH =11! Zn?*(1 M)1\Zn(s) 

(d) Pt(H,) | H* = 0.01 M Il Zn?*(0.01 M) | Zn(s) 

Rusting on.the surface of iron involves: 

(a) Fe(s) —> Fe?*(ag.) + 2e° (at anodic site) 

(b) O,(g) + 4H*(aqg.) + 4e° —> 2H,0() (at cathodic si:2° 
(c) 4Fe**(aq.) + O,(g) + 4H,0() —> 2Fe,0,(s) + 8H" 


(d) Fe,O3(s) + xH,O(/) —— Fe,0; -xH,O 
Fuel cell involves following reaction(s): 


. (a) O,(g) + 2H,O(/)) + 4e7 —— 40IT (aq,) (at cathode) 


(b) 0,(g) + 2H,O(/) + 4e° —— 40H (aq) (at anode) 

(c) 2H,(g) + 40H (aq.) —> 4H,O0(/) +4e° (at anode) 

(d) 2H,(g) + 40H (ag.) —> 4H,O(/) +4e7 (at cathode) 
In the following question, more than one of the answers given 


may be correct. Select the correct answers and mark it 
according to the code: 


Codes’: [BHU (Mains) 2008] 
(a) 1,2 2 and’3 are correct (b) 1 and 2 are correct 
(c) 2 and 4 are correct (d) 1 and 3 are correct 


Hint ; Ina cell Zn(s) | Zn** || H* |H,(Pt); the addition of H,SO, 
to the cathode compartment, will: 

1. decrease E 

2. increase FE 

3. shift equilibrium to left 

4. shift equilibrium to right] 
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196 For the reduction of NO} in an aqueous solution, E° is 0.96 V. The pair(s) of metal that is(are) oxidised by NO; in aqueous 
Values of E° for some metal ions are given below : solution is(are): - (IIT 2009) 
Vea +2e° —3V F°=-l19V (a) V and Hg (b) Hg and Fe 
Feb ae: Fe F°= 0.04 V (c) Fe and Au (d) Fe and V ; 
4 Ws [Hint : E° uty for V, Fe and Hg are lower than that of NO3, so, 
Aue + 3e —— Au E°=+140V M 


NO; will oxidise V, Fe and Hg. Mi. 
Heap +2e —— Hg = +0.86 Vv 


cone TYPE QUESTIONS 


10. (A) Molar conductivity of a weak electrolyte at infinite 
dilution cannot be determined experimentally. 


(R) Kohlrausch’s law helps to find the molar conductivity of a 


The questions given below consist of an ‘Assertion’ (A) and 
‘Reason’ (R). Use the following keys to choose the appropriate 
answer: 


(a) If both (A) and (R) are correct, and (R) is the correct 


weak electrolyte at infinite dilution. 


, 


11, (A) One coulomb of electric charge deposits weight equal to 
explanation of (A). the electrochemical equivalent of the substance. 
(6) If both (A) and (R) are correct, but (RJ is not the correct (R) One faraday deposits one mole of the substance. 
explanation of (A). 12. (A)If standard reduction potential for the reaction, 
(c) If (A) is correct, but (R) is incorrect. Ag* +e ——Ag is 0.80 volt, then for the reaction, 
(d) If (A) is incorrect, but (R) is correct. 2Ag" + 2e — 24g, at will be 1.60 volt. 
. (A) When acidified zinc sulphate solution is electrolysed (Rif Ceneeneenen of Ag” ions is doubled, the electrode 
between zinc electrodes, it is zinc that is deposited at the ; potential is also doubled. . . 
_ ~~ cathode-and-hydrogen evolution does-not take place: --- 13. (A) Gold chloride (AuCl, ) solution cannot _be_stored_in_a_ 
(R) The electrode potential of zinc is more negative than vessel madeet rs uae hoa nickel, chromium, zinc or tin. 
hydrogen as the over voltage for the hydrogen evolution (R) Gold is very precious metal. 0 iii 
on zinc is quite large. 14, (A).In the Daniell cell, if concentrations of Cu“" and Zn 
. (A)In electrolysis, the quantity of electricity needed for ions are doubled, the emf of the cell will be doubled. ; 
depositing 1 mole of silver is different from that required (R) If the concentration of ions in contact with the metals is 
for 1 mole of copper. doubled, the electrode potential is doubled. 
(R) The molecular weights of silver and copper are different. 15. (A) H, + O, fuel. cell ‘gives a constant voltage throughout its 
i (AIIMS 1996) life. 
. (A) Equivalent conductance of all electrolytes decreases with (R) In this fuel cell, Hy reacts with OH™ ions, yet the overall 
"increasing concentration. concentration of OH™ ions does not change. 
(R) Lesser number of ions are available per gram equivalent at 16. (A) Presence of CO, in the air accelerates corrosion. 
higher concentration. Ze (ALIMS 1999) (R) CO, is a poisonous gas. 
. (A) Zine displaces copper from copper sulphate solution. 17. (A) For the Daniell cell, Zn | Zn7* Il Cu2* | Cu with E,.) = 1.1 
(R) The E° is Zn of — 0.76 volt and that of copper is +0.34 volt, the application of opposite potential greater than 1.1 V 
volt. ; (AIIMS 1999) results into flow of electrons from cathode to anode. 
. (A) An electrochemical cell can be set-up only if the redox (R) Zn is deposited at anode and Cu is dissolved at cathode. 
reaction is.spontaneous. ; (AIIMS 2006) 
(R) A reaction is spontaneous if free energy change is negative. 18. (A)A current of 96.5 ampere is passed into aqueous AgNO, 
. (A)Ifan aqueous solution of NaCl is electrolysed, the product solution for 100 second. The weight of silver deposited is 
obtained at the cathode is H, gas and not Na. 10.8 g. (Atomic weight of Ag = 108) 
(R) Gases are liberated faster than the metals. (R) The mass of a substance deposited during the electrolysis 
- (A) Specific conductance decreases with dilution whereas of an electrolyte is inversely proportional to the quantity 
equivalent conductance increases.” of electricity passing through the electrolyte. 
(R) On dilution, number of ions per cc decreases but total JEAMCET (Engg.) 2006] 
number of ions increases considerably. 19, (A) Accaiding to Kohlrausch’s law, the molar conductance of 
. (A) The cell constant of a cell depends upon the nature of the a strong electrolyte at infinite dilution is sum of molar 
material of the electrodes. conductivities of its ions. _ 
(R) The observed conductance of a solution depends upon the (R) The current carried by cation and anion is always al 
. nature of the material of the electrodes. = (AIIMS 2007) 
. (A)The ratio of specific conductivity to the observed 20. - (A) The cell potential of mercury cell is 1.35 V, which remains 


conductance does not depend upon the concentration of constant. 
the solution taken in the conductivity cell. (R).In mercury cell, the electrolyte is a paste of KOH and 
(R) Specific conductivity decreases with dilution whereas 


observed conductance increases with dilitien. 


ZnO. (AITMS 2008) . 
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[ Amcwere » OBJECTIVE QUESTIONS 


e Set-1 t ok 
1. (d) 2. (b) 3. (a) 4 (c) 5. (c) 6. @) 7, (b) 8. (a) 
9. (c) 10. (c). 11. (c) 12. (b) 13. (c) 14. (d) 15. (a) 16. (d) 
17. (a) 18. (a) 19. (a) 20. (d) 21. (c) 22. (b) 23. (b) 24. (d) 
25. (a) 26. (d) 27. (c) 28: (c) 29. (b) 30. (d) 31. (a) 32. (d) 
33. (a) . 34. (c) ~° 35. (b) 36. (c) 37. (a) 38. (b) 39. (d) 40. (b) 
41. (b) 9-42. (a) 43. (c) 44, (d) 45. (c) 46. (d) 47. (d) 48. (d) 
49. (d) 50. (a) 51. (b) 52. (c) 53. (a) 54. (a) 55. (d). 56. (a) 
57. (b) 58. (b) 59. (c) 60. (d) 61. (d) 62. (b) 63. (a). 64. (b) 
65. (c) 66. (b) 67. (d) - 68. (b) 69. (c) 70. (c) 1. (c) «72. (dd) 
13-—(ay 14a) 75.) 76.-(a) 7T.(b) 78.-(c) 79.(by 80.-(c) 
si. @ 82. ©) 83. (b) 84, (d) $5. (c) 86. (d) 87. (b) 88. (a) 
89. (a) 90. (b) 91. (d) "92. (c) 93. (b) 94, (c) 95. (d) ss -96. (c) 
97. (c) 98. (d) 99. (d) 100. (a) 101. (b) 102. (a) 103. (c) 104. (b) 
105. (a) 106. (b) 107. (c) 108. (a) 109. (b) 110. (d) 111. (d) 112. (b) 
13. © 14. (Sd) 6 (bY). (a) 8. (a) NY. () 120. (a)_ 
121. (d) 122. (a) 123. (c) "124. (b) 125. (d) 126. (b) © 127. (c) 128. (a) 
129. (d) —-:130. (b) 131. (a) 132. (c). - 133. (b) ° 134. @) 135. (d) 136. (a) 
137. (d) 138. (a) 139. (c) 140. (a) 141. (d) 142. (b) 143. (b) 144, (a) 
145. (a) 146. (c) 147. (c) 148. (d) 149. (b)_ 150. (d) 151. (b) 152. (c) 
153. (d) 154, (a) 155. (b) 156. (c) 157. (d) 158. (b) 159. (c) 160. (b) 
161. (c) 162. (c) 163. (b) 164, (b) 165. (b) 166. (b) ——«:167. (d) 168. (a) 
169. (a) 170. (d) 171. (a) 172. (b) . 173. (c) 174. (a) 175. (d) 5176. (c) 
177. -(d) 178. (b) 179. (c) 180. (d) 181. (a) - 182. (c) 183. (a) 184. (c) 
185. (c) 186. (b) 187. (b) 188. (d) 189. (a) 190. (a) 191. (d) 192. (c) 
193. (c) 194. (b) 195. (d) 196. (b) 197. (a) 198. (b) 199. (b) 200. (d) 
201. (d) 202.. (d) 203. (a) 204. (b) 205. (b) 206. (a) 207.. (b) 208. (a) 
e Set-2 o . 
1. (d) 2. (d) ; 3. (a) 4. (b) 5. (a, b,c, d) 6. (a, b, c) 7. (a,c, d) 8. (b) 
9. (a) 10. (a,c) 11. (a,c, d) 12. (b,c,d) = 13. (a, d) 14. (a,c) 15.. (a, b) 16. (a,b, c, d) 


17. (ac) — 18. (c) » 19. (a,b, d) 


. ©) 4. (a) “5, (b) 6. @. | 7. (c) 8. (d) 
11. (c) 12. (d) 13. (b) 14. (@) 15. (a) 16. (c) 
19. (c) 20. (b) - 


When aluminium oxide (Al,0,) is electrolysed for the 
- production of aluminium metal. For a given quantity of 
electricity, the number of moles of aluminium obtained if the 


2. 


; ; ; : 7. If four moles of electrons are transferred from anode to 
volume of O, gas obtained is 201.6 litre measured at NTP, is: cathode in ai experiment on electrolysis of water, then total 
(a) 9 (b) 6 (c) 12 Pa volume of the two gases produced at STP will be: 

(Hint: Number of equivalents of oxygen = ——— = 36 (a) 224L (b)72.6L (c)67.2L (d)89.4L 
; ' ; 5.6 {Hint: Equivalent volume of H, = 11.2 L . 
(Equivalent vo ume of oxygen = 5.6 litre at NTP) Eauivalen valimeofO.= 60 
.. Number of equivalents of Al = 36 
fas Volume of H, and O, evolved by 4 moles slssnots or 4 faraday 
Mass of aluminium = 36 x 9g charge 4x 1244x516 = 672T] 
8. x9 
Se eee ore —_—_—_____-Number of moles of aluminium | aoe 8- When one faraday of electricity + is passed through three 
lectrolytic cell taini * Ni?* a i 
Asmuggler could not carry gold ie cabaiael iron on the gold cleruelyic Ocelle coma Ae Ni end Cis tle 
Stace dinbe: respectively, the deposited Ag (At. mass = 108), Ni (At. mass 
(5 sald anidenaer = 59) and Cr (At. mass =o) are: 
(b) iron rusts Ag Ni cr ; 
-- (cy gold has higher reduction potential than iron wrosen tenes vanes oe --(a)----108-g EES 29.5-¢-. SS dT ce 
‘d) gold has lower reduction potential than iron {b) 108g 59g 52g 
Gn electrolysis, which of the following does not give out (c) 108g 108 g 173g 
oxygen? (d) 108g © 29.5 g 166 g 
(a) Acidic water using Pt electrode 108 
(v) Fused NaOH using Pt electrode {Hint: Equivalent mass of Ag = a 108 
{c) Dilute H,SO, using Pt electrode a 
(d) Diiute H,SO, using Cu electrode Equivalent mass of Ni = —- = 29.5 
During electrolysis of a solution of AgNO;, 9650 coulomb of 2 
charge pass through the electrolytic cell; the mass of silver Equivalent mass-of Cr = 52 _ 173 
deposited on the cathode will be: ; 3 
{a)21.6g (b) 108 g (c) 108g (d) 108g .. Amount of these metals deposited by | faraday charge will be: 
An electrolytic cell contains a solution of Ag,SOQ, and has 108 g Ag, 29.5 g Ni and 17.3 g Cr respectively.] 
platinum electrodes. A current is passed until 1.6 g of O, has 9, Which of the following reactions occur at the cathode during 
been liberated at anode. The amount of silver deposited at the charging of lead storage battery? - 
cathode will be: (a) Pb** + 2e7 >Pb 
(a) 108 g (b) 1.6g (c) 0.8 g (d) 21.60 ¢ 2+ 2. 
(Hint: Number of equivalents of oxygen = os = 0.2 ee oe ua 
eee aes (c) Pb ——> Pb?* 4 267 
.. Number of equivalents of Ag deposited = 0.2 (d) PbSO, + 2H,O ——> PbO, + 4H* + soy +e 
Mass of Ag deposited = 0.2 x 108 + 21.68] 10. Acurrent of 2.6 amp was passed through CuSO, solution for 6 
In the process of electroplating, m g of silver is deposited when ' minutes and 20 seconds. The amount of copper deposited is: 
4 ampere of current flows for 2 minutes. The amount (in g) of (a)0.3175g (b)0.003lg (c)635g (d)3.175¢ 
ee cepestied by 6.ampere of current flowing for 40 seconds int: W = IE _ 2.6 380 x 31.75 032g] 
will be: . F 96500 — 96500 : 
(a) 4m (Hie * ese (d) 3m il. In the electrolysis of fused salt, the weight of the substance 
2 3 : : 
deposited on an electrode will not depend on: 
Hint: i. = S (a) temperature of the bath 
2 2 (b) current intensity 
W, _Iyxt ' (c) time of electrolysis 
W, = I, Xt, (d) electrochemical equivalent of the ions 
esenneen 12. When an aqueous solution of sodium chloride is electrolysed 
th ae RE AY using platinum electrodes, the ions discharged .at the 
W, 6 x 40 electrodes are: 
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(a) sodium and hydrogen (b) sodium and chloride 
(c) hydrogen and chloride —_ (d) hydroxy] and chloride 


(Hint: Only those electrolytes are used in salt bridge whose 
ions have same transference number in agar-agar gel.] 


13. How many coulombs are required for the oxidation of 1 mole 26. The increase in the equivalent conductance of a salt solution 
of H,O, to O,? : on dilution is due to increase in the: 
(a) 9.65 x 10°C (b) 93000 C (a) attraction between the ions 
(c) 1.93 x 10°C 19.3 10C (b) degree of ionization of the salt 
; ae ; ie, sae (c) molecular attraction 
[Hint: H,0, —-> O, + 2H" + 2¢ (d) association of the salt 
1 mol H,O, =2 mol & 7 21. When 96500 coulombs of electricity are passed through nickel 
_ sulphate solution, the amount of nickel deposited will be: 
= a x26200 (a)1mol (b)0.5 mol (©)0.1 mol (d) 2 mol 
= 193000 C (fine: 1 faraday deposits 1 equivalent of nickel. 
 =193x 10°C] 1 equivalent of Ni = 1/2 mole of nickel.] 
‘ 3+ ~ ‘ = 
14. Acurrent of 2 amp when passed for 5 hours through a molten - 22+ AL" (aq.) + 3e° —> Al(s); A °=—1.66V 
salt deposits 22.2 g of metal of atomic mass 177. The Cu* (aqg.) + 26 —> Cuts), F° =+034V 
ere state of ae metal in the a salt i - = What—voltage—isproduced—tindder-standard—conditions—by 
ea ee a oe (a) +1. (b)- (c) +3 (d) combining-the—half reactions. -with-these- ‘Standard—electrode——— 
be __HtE potentials? 
(Hint: = 
96500 {a) 1.32 V (b)2.00V = (c)2.30V @ 434V 
ae Wx 96500 _ 22.2 x 96500 ~ 595 [Hint:; The cell will be: 
it 2x5x 3600 Al(s)| Al*(aq.) | Cu2*(aq.)! Cus) 
" Equivalent mass = Smee. Eeay = Ecoots ~~ Encode = 
q aa Oxidation state Cell ~ “Cathode Anade 
joo = Fo42 jou Ende sai 
oo = + 0.34 - (-1.66)=+ 2.00 V] 
’ n=3] 23. For which of these oxidation/reduction pairs will the reduction 
15. When water is electrolysed, hydrogen and oxygen gases are potential vary with pH? 
produced. If 1.008 g of H, is liberated at cathode, what mass 1. AmO3* /AmO} II. AmO3* / Am** I. Am‘** / Am? 
of O, is formed at the anode? (a) euly (b) II only 
(a) 328 tb) 16g e a 88 (4g (c) I and II only (d) I, Wand Il 
(Hint: ze is (Hint: 4H* + AmO3* + 26 —> Am** + 2H,0 
ee ; ahs It includes H* ions; hence the electrode potential depends on pH.] 
oe Oe - 4g, 2Ag*(ag.) + Cu(s) === Cu”* (ag.) + 2Ag(s) 
W. 8 The-standard potential E° for this reaction is 0.46 V. Which — 
W,=88 change will increase the potential the most? 
where, £, and E, are equivalent mass of hydrogen and oxygen (a) Doubling the [Ag*] 
respectively. ] (b) Halving the [Cu?*] 
16. The cell potential (E) and the free energy change (AG) (c) Doubling the size of the Cu(s) electrode 
accompanying an electrochemical reaction are related by: (d) Decreasing the size of the Ag electrode by one-half 
(a) AG = nF log E (b) AG = nFE 28, 10C1~(ag.)+ 2MnO; (ag.) + 16H" (ag. ) == 5CI3(g) 
(c) -AG = nFE - (4) -AG = nF log E a 5 
: ; ae + 2Mn*" (aqg.)+ 8H,O() 
17. The units of conductivity are: a 
(a) sie eae ant (b) siemens cm ‘The: value of E° for this ienction is 0.15 V. te is the value of 
@aeneseas (dy sieniensen? el the cabs constant yas for this ieeew : . 
1x. The calomel electrode used as a reference electrode contains: me me x1 bys: s - 1g” OI2xIY 34x10 ae 
(a) PbO,-PbSO, mixture _(b) HgCl, aii: es ° ue antilog a(2 nE° if . oi ; “ 
(c)Hg,Cl, - (d) ZnCl, - | 0.059} 
19.- KCl is used in salt bridge because: “tok Teo% 0.15 
- °" “(a)_it forms a good jelly with agar-agar ss 0.059 | 
(b) it is a strong electrolyte eas 
(c) it is a good conductor of electricity Soe 
(d) the transference number of K* and Cl” ions are almost 46, What takes place when zinc metal is added to an aqueous 


equal 


solution containing magnesium nitrate and silver nitrate? 


856 | 


27. 


oo Mg”* is reduced 
3. Ag* is reduced 4. No reaction takes place 


(a) | and 2 only (b) 1 and 3 only 
(c) 1, 2 and 3 only (d) 4 only 
In the galvanizing process, iron is coated with zinc. The 


1. Zn is oxidised 
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34. Achemical reaction will be spontaneous if: 
(a) Eea is positive (b) AG? is negative 
(c) reaction quotient, Q<K (d) E.,iq is negative 
35. Match the List-I with List-II : 


List-I (Electrode) List-II (Type) 


resulting chemical protection is most similar to that provided 1. Calomel - (A) Reference 
when: 2. Glass _- (B) Redox 
- (a) a magnesium bar is connected to an iron pipe 3. Hydrogen . {C) Membrane 
(b) an iron can is plated with tin 4 Quinhydrone ~ (D) Gas 
(c) copper pipes are connected using lead suider Codes: | 
fe yin a de at AG a ee OTR SB Fe 
; i vi 
sieerocheaical cell foe which Ey = 0.80 Vv? ee, (b) 1B oA 3-D sae) 
AG? K (c) 1-C 2-B 3-A 4D 
(a) _ a (d) 1-D 2A 3-C 4B 
7 6) + 4 36. The conductivity of -saturated solution of BaSO, iS 
_ a —_ () + <1 3.06 x 10° mho cm™ and its equivalent conductance is 1.53 
@ 7 “is mho cm’ eq”. The K,, for BaSO, will be: 


29. 


“30. 


31. 


32. 


33. 


‘Consider a voltaic cell based on these half-cells: 


Ag’ (aqg.) +e ——> Ag(s); E°=+0.80V 


aig ea pe Hi lpesis eon ela 
Cd*"(aq.) + 2e > Cd(s); B® = ~0.40V _37. The standard reduction potential of hydrogen is zero because: 


Identify the anode and give the voltage of this cell under 
standard conditions. 

(a) Ag; Eo = 0.40V (b) Ag; E..y = 2.00 V 

(c) Cd; E..4 = 1.20V (d) Cd; E,., = 2.00 V 

(Hint: Anode has lower standard reduction potential; thus Cd 
will be considered as anode. 


Even = Ecathode ~ Esnode 


= Eye jAg Foy 1Cd 
a = 0.80 - (— 0.40) = 1.20 V] 

If the E°., for a given reaction has a negative value, which 
gives the correct relationships for the values of AG ° and K at 
(a) AG° > 0; K.g <1 (b) AG° > 0; K., > 1 
(c) AG’ <0; K,, >I () AG°<0;K., <1 
Which of the following solutions is used as an anti-rusting 
solution? 
(a) Na.SO, (b)Na;PO, (c)Na,BO, (d)Na,S 
The-pressure of hydrogen gas is increased from | atm to 100 
atm. Keeping the H* (1 M) constant, the voltage of the 
hydrogen half-cell at 25°C will be: - 
(a) 0.059V  (b)0.59V_— (e) 0.0295 VV (d) 0.118 V 
Efficiency of the following cell is 84%. 

A(s) + B® (ag.) === A?* (aq.)+ Bis); AH = — 285k] 
Then the standard electrode potential of the cell will be: 
(a) 1.20 V (b)240V  ()1IOV (d)124V 


(Hint: Efficiency = AG = THFE 
AH? AH°® 
0.84 =- 2x E° x 96500 
~285 x 1000 


E°=4+1.24V] 


(a4 x10? (b) 4x 10° M- 
_©)4x10% Me (d)4x 10" M? 


_ (a) it is assumed 
(b) hydrogen is easiest to oxidise 
(c) hydrogen has single electron 
. (d) hydrogen is-electronegative 


In the following three questions, three statements I, II and III are 
given. Mark: 


(a) if all the statements are correct 
(b) if I] and III are correct: 
(c) if l.and III are correct 


(d) if only I is correct [BHU (Mains) 2007] 
38. I. Conductance of electrolyte solution increases with 
temperature. 
Il. Resistivity is reciprocal of molar conductivity of 
electrolyte. 
IIL. Cell constant has unit cm. 
(a) {b) (c) (d) 


39. I. The conductivity of molten NaCl is due to movement of. 
Na* and Cl ~ ions. 
II. Solid NaCl is also conductor of electricity. 
II]. Molten sodium is a good conductor because of mobile 
electrons. 
{a) (b) (c) ~ @) 
40. I. Cathode is -ve terminal both in electrochemical and 
electrolytic cells. 
II. Reduction occurs at cathode both in panini as well as 


electrolytic cells. 
II. Chemical charge in electrolytic cell is non-spontaneous. 
(a) -(b) (c) (d) 


41. 
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In an experiment, 0. 04 F was passed seas 400 mL ofalM 


solution of NaCl. What would be the pH of the solution after - 


the electrolysis? [PMT (Kerala) 2007] 
_ (a8 * (b) 10 (c) 13 (d) 6 


 ©&9 


42. 


cathode’ and oxygen gas at anode, the electrolyte solution 
contains NaOH after electrolysis. 


Number of equivalents of NaOH formed =.0.04 


Normality, N= 0.04 x 1000 =0.1 
_; 400 
[DH™]= 0.1M 
~ pOH= 1 - pH= 13] 


An alloy of Pb-Ag weighing 1.08 g was dissolved in dilute 
HNO, and the volume made to 100 mL. A silver electrode was 


Hint: Electrolysis of ag. NaCl gives hydrogen gas at 


45. 


46. 


’ phosphate: 


[Hint: EE eget is oe in alkaline solution, therefore, iti is 


easier to oxidise Fe** to Fe** in alkaline medium. J 

Dipping iron article into a'strongly alkaline solution of sodium 
(VITEEE 2068) 

(a) does not affect the article . ag 

(b) forms Fe,O,-xH,O on the surface 

(c) forms iron phosphate film 

(d) forms ferric hydroxide 

For the redox process, 


Zn(s) + Cu2* == Zn + Cu(s) E24 =+1.10V 
which graph correctly represents E..., (Y-axis) as a function of 


2+ 
a) ass 


log ——— . , 
8 [Cu?*] ae 


f of the cell set-up 


: a 


: ‘dipped in the solution and the em 
> ; Pits) Hy tg) Et) thang Cag.) Ag (s) was 6:62 Volt Eee 


43. 


is 0.80 V, what is the percentage of Ag in the alloy? 

(At 25°C, RT/ F = 0.06) [PET (Kerala) 2007] 
(a) 25 (b) 2.50 (c) 10 (d) 1 

(e) 50 


_ (Hint: Overall cell reaction is: 


H,(g)+ 2Ag* == 2Ag(s) + 2H Ga). ) 


0.06 x 2.303 [Ht]? 
PO eet NO rea ee 
2 [Ag* ]° pH, 


O67 2 O90 4 ROE 208 wns 2203 jog tag" ] 


E=E° - 


[Ag* ]=0.05 M 
Number of moles of Ag* in 100 mL 
_ MV _ 0.05 x 100 


= = 0.005 
1000 1000 
Mass of silver = 0.005 x 108 g 
Percentage of Ag in 1.08 g of alloy = ara = 50%] 


Select the correct statements about dry cell: 
(a) It is also called Leclanche cell 


_ (b) It is also called Daniell cell 


(c) Electrolyte used is moist paste of NH,Cl and ZnCl, 
(d) Cathodic process is: 
2MnO,(s) + 2NH; i (9°) + 2e — Mn,0;(s) + 2NH;(g) 
+ H,0(2) 
Given the standard oxidation potentials, 


+0.4V ae -08V. 4, 

Fe ———> Fe“ (aq.) ——— Fe (aq.) 
+0.9V 0.6V 

Fe ——— Fe(OH), ———> Fe(OH), 


It is easier to oxidise Fe?* to Fe** in 
(a) acid medium 

(b) alkaline medium 

(c) neutral medium 

(d) both in acidic and alkaline mediums 


47. 


48. 


A fuel cell involves combustion of the butane at 1 atm and 
298 K 


CsHio (g) Fe a ~ On(g) — > 4C0,(g) + SH,O(!) 


AG® = - 2746 kJ/mol 
what is E° ofacell? | 
(a)+4.74V (b) + 0.547 V (c} +1.09V (d)4+4.37V —- 


{Hint : In the Hie 
- = - 10 


Hyp (2) Me nae = On(g) —- 4CO,(g) + 5H,0() 


Change in ee number of carbon = + 16 — (— 10) = + 26 
.. Number of electrons involved in cell process will be 26. 
po = ZAG? __ 2746) x 1000 
_ AF 26 x 96500 
=+1.09V] 
Molar conductance A, is plotted agains Vc C (mol litre™') for 
three electrolytes (NaCl, HCl, NH,OH) 


IG 


858 


which of the following is correct ? 
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~ Initial concentration of chlorate ion was 0.1 M. The 


equilibrium concentration of per chlorate ion will be : 


“1 ee 3 
: (a)0.19V (b)0.1M = (©) 0.024M (4) 0.019 
(a) Nacl ; Hcl NH 40H ; {Hint : : 
() HC NaCl NH,OH | C105 (aq:) + HO!) —> ClOj(aq.) + 2H" (aq.) + 26° 
(©) NH,OH NaCl HCl 2H* + ClO3;(ag:) + 26° —» Cl0};(aq.) + H,0(—) 
(d) NH,OH HCl _ NaCl 20103 (aqg.) == C103 (ag.) + COG (aq.) 
49. In the a (LM) hes f= 03405655 0.03V 
PE) Nad (1M) 2 vp pag iGo 
(pK, of HA=4) At equilibrium, E=0, ee Q=K 
Cell potential will be: 0.059 , - 
(a)0.03V  (b)0.06V (ce) -0.06V_ (d) = 0.03 V pe Oman k 
natn _ 0.0591 [H* ] Cathode log K =-1 . 
= a ee ey a — od [E" ] Anode ae a 
Be em ee we ee a a, E..1 = 0.06 [pH Anode — pH Cathode — w(L) a - FAS at o4 tet — io 
oH Asose= pe, Pica tae = 4 log 2 =3 2C103 (dg.) = C10} (ag.) + C105 (ag.) 
to 0.1 : 0 0 
7 ‘pH Cathode = 4 (from eq. 1) he 0.1—2x as x 
: Ex =~ 0.06 V] _e xxx] 
50. In the following process of disproportionation: ~-~- ~~ de 10 ee 
| BE =4+0.36V “x= 0.019 
0p Clo, CIG;., | ON aye 
scan a ae Foo; i103 ~ * 0.33'V 
I. (c) ee (c) 3. dd) . 4. (c) 5. (d) 6. (b) 7.) ¢ 8. (a) 
9 @- 10. @) . 1k. (a) 12. (©) 13. (©) 40) © 15, © "16. ©) 
17. (c) 18. (c) 19. (d) 20. (b) 21. (b) 22. (b) 23. (b) 24, (a) 
25. (a) "26. (b) 27. (a) 28. (a) 2. (c) - 30.@ 31. () 32. (d) 
33. (d) 34. (ab,c,d) 35. (a) 36. -(d) 37. (a) 38. (©) = 39. ©) 40. (b) 
 4t. (©) 42. (e) - 43. (a,c, d) 44, (b) © 45. (c) 46. (b) 47, (©) 48. () 


49. ©). 50. @: 


. each of the questions is a single digit integer, ranging 
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Integer Answer TYPE E QUESTIONS 


This section contains 10 questions. The answer to 


from 0 to 9. If the correct answers to question numbers 
X, Y, Z and W (say) are 6, 0, 9 and 2 réspectively, then 
the correct darkening of bubbles will look like the 
given figure : 


1. How many grams of water will be electrolysed by 96500 
coulomb charge? 

2. Number of faradays required to convert 1 mole of Cr,07- into 
Cr** ions is : 


>» 


ki 


3. -At what pH the potential of hydrogen electrode will ‘be . 


aosov Rn 
4. The ratio of (4 m 
A 


e 


) for Ca, (PO, )}, will be Seat to: 


5. 1,(s)/T (0.1 M) half-cell is connected to H’ (aq) (HH, 1 atm) 


__ Pt half-cell and its cell potential is. found to be 0.7714 V.If 


Ey ;- = 0535 V, the pH of H* / H; half-cell will be : 


If an aqueous solution of NaCl is srelectoiyacd’ using platinum 
electrode by a current of 5 amp, then what volume of Cl, gas 


in litres at STP will be produced? 
« Charge of 6. 24x 10° electrons will be (in coulomb): 
. Accurrent of 2 amp-when passed for 5 hour through a molten 


salt deposits 22.2 g of metal of atomic mass 177. The positive 
oxidation state of the metal in the metal salt is : 


Cr(s) | Cr?* |] Fe** | Fe(s) 


In above cell, the value of n in the Nernst equation: 


ie, E= E°- 0059 


logj9Q will be : 


. In the Nernst Sates 


QO will be equal to the equilibrium constant nt Ke, when the cell 
potential E is equal to : 


0 OO 


1. (9) 2 © | 3. (1) 4. (6) 
9. (6) 10. (0) 


EG). PROP. G40). 8% @) 
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e Passage 1 


In a lead storage battery, Pb (anode) and PbO, (ithode) are 
used. Concentrated H,SO, is used as electrolyte. The battery holds 
3.5 litre acid with it. In the discharge process, the density of acid fell 
from 1.294 to 1.139 g/mL. The sulphuric acid of density 1.294 g mL 
is 39% by mass and that of density 1.139 g/mL is 20% by mass.. 
Answer the following questions: 
1. Equivalent mass of sulphuric acid in lead storage battery is: 
(a) 49 -- (b) 98 
(c) 24.5. (d) none of these 
2. Normalities of sulphuric acid before and after discharge are: 
(a) 5.15,2.32 (b) 2.32, 5.15 (c) 5.15, 5.15 (d) 2.32, 2.32 
‘3. The number of amperé-hours for which the battery must have 


JOMPREHENSION T) 


been used is: 


TIONS 2 


3. On ‘electrolysis of dilute sulphuric acid using platinum 
electrodes, the product obtained at the anode will be: 


(a) hydrogen - (b) oxygen . 
(c) hydrogen sulphide _ (d) sulphur oxide’ 
4. How many faradays are required to reduce | mol BrO,; to 
Br°? 
(a) 3 “()5 | @ 4 


5. Calculate the volume of gas liberated at the anode at STP 
during the electrolysis of a CuSO, solution by a i ai of LA 
passed for 16 minutes and 5 seconds: 


(a) 224 ‘mL (b)S6mL (ce) 112mL—(d) 448: mL 
{Hint: Atanode: 20H” -——>H,0+ 5 O, + 2e 


(Oxygen gas is evolved) 


x 


(a) 26504 amp-hrs (b) 2650.4 amp-hrs 
(c) 265.04 amp-hrs (d) 26.504 amp-hrs 


4. The amount of charge which the battery must have been used 


is: 
(a) 9.88 F (b)8.98F  (c)8.89F (d) 7.88 F 


5, Which-of-the- following-takes-place-in- Sischarge -process--at- 


anode? 

(a) PbO, + 4H* + SO{” + 2e”° ——> PbSO, + 2H,0. 
(b) PbSO, + 2H,O ——> PbO, + 4H* + SOF + 2e7 
(c) Pb + SOZ77 ——> PbSO, + 2e7 

(d) PbSO, + 2e7 —> Pb + SOF 


e Passage 2 


Electrolysis is the process in which electrical energy is converted 
to chemical energy. In electrolytic cell, oxidation takes place at 
anode and reduction at cathode. Electrode process depends on the 
electrode taken for. electrolysis. Amount of substance liberated at an 
electrode is directly proportional to the amount of charge passed 
through it. The mass of substance liberated at eléctrode is calculated 
using the following relation: 

pe Me _ dtE 
96500 

Here, E represents the equivalent mass and 96500 C is called the 
Faraday constant. Faraday (96500C ) is the charge of | mole 
electron, i.e., 6.023 x 10” electrons; it is used to liberate one gram 
equivalent of the substance. 
Answer the following questions: 

1. The platinum electrodes were immersed in a solution of cupric 
sulphate (CuSO, ) and electric current is passed through the 
_ solution. After sometime, it was observed that the colour of 
copper sulphate disappeared with evolution of a gas at the 
electrode. The colourless solution contains: 
(a) platinum sulphate (b) copper nitrate 
(c) copper sulphate (d) sulphuric acid 
2. The passage of current liberates H, at cathode and Cl, at 
anode. The solution is: 
(a) copper chloride in water (b) NaC] in water 
(c) mercuric chloride in water(d) AuCl, in water 


Equivalent volume V, of oxygen = 5.6 litre 


; 3 
y = WV, 1x 965 x 5.6 x 10 = 56 mL] 
96500 96500 
6. The quantity of electricity required to liberate 112 cc hydrogen 
_at S.T.P from acidified wateris; =. atans 


‘{Comed (Karnataka) 2008] 
~— (@) 965 (b) 9650C (0) 96500 C™ (A) 4825.C 


e Passage 3 


The concentration of potassium ions inside a biological cell is at 
least twenty times higher than the outside. The resulting potential 
difference across the cell'is important in several processes such as 
transmission of nerve impulses and maintaining the ion balance. A 
simple model for such a concentration cell involving a metal M is: 

M(s)|M* (aq. 0.05 molar) || M* (aq; 1 molar) |M(s) 

For the above electrolytic cell, the magnitude of the cell potential 
| Beet |= 70 mV. : . 
Answer the following questions: 

1. For the above cell 
(a) Een < 0; AG > 0 (b) E yen > 0 AG < 0 
(c) Egy < 0 AG°> 0 ~ d) Eee, > 0; AG?< 0 

2. Ifthe 0.05 molar solution of M* is replaced by a 0.0025 molar 
M* solution, then the magnitude of the cell potential would. 


be: 
(a) 35 mV ’  (b) 70 mV 
(c)140mV (d) 700 mV [IIT 2010] 


Hint: 1 (b) Electrolyte concentration cell will be spontaneous 
when the concentration in cathodic half cell is greater than that of 
anodic half cell. Thus, the given cell is spontaneous hence 

AG <0, E,g, > 0 
2. (c) Ezy. = 0, for every concentration cell 

E=0Q- 0.059 tog LM boi 
n [M Kathode 
_ 0 ~ 


= log[ 0.0025] 


= ai mV 
It is close to 140 mV] | 
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e Passage 4 


The driving force AG ‘diminishes to zero on the way to 
equilibrium, just as in any other spontaneous process. Both AG and 


the corresponding cell potential [= =— “¢) are zero when the 
n 


redox reaction comes to equilibrium. T! he Nernst equation for the | 


redox process of the cell may be given as: 
Ea R°- 0.059 log O 
n 


The key to the relationship is the standard cell potential E °, derived 
from the standard free energy change as: 


e Passage 5 


Conductors allow the passage of electric current through them. 
Metallic and electrolytic are the two types of conductors. Current 
carriers in metallic and electrolytic conductors are free electrons 
and free ions respectively. Specific conductance or conductivity of 
the electrolyte solution is given by the following relation: 


l 
K=cx— 


where, c=1/R is the conductance and 1/ A is the cell constant. 
Molar conductance (A,, ) and equivalence conductance (A, ) of an 
electrolyte solution are calculated using the following similar 
relations: - 


psf = Ae’ 
nk M 
stats Scere 1000 
At equilibrium, the Nernst equation is given as: AV= a 
= 0.059 log K _ Where, Mand N are the molarity and normali. ity of the solution— 
1S 


Answer the following questions: 
1. On the basis of information available for the reaction: 


_fai+o, — F405 AG = - 827 kJ/mol of O ; 


Sa, aera ee 
the minimum emf required to carry out an elecuolysie of 
ALO; is: 
(Given: 1 F = 96500 C) oes 
(a) 2.14 V (b)4.28V  (c)6.42V = (d) 8.56 V 
(Hint: — — AI Al* 436 


B diAla 2 aniol e 
3 3 


=4 mole 
i, @ 3 . n= 4 
AG =~nFE 
—827 x 1000 = —4 x 96500 x EF 
E=214V] 
2. The equilibrium constant K , will be equal to Q, when: 

(a) E = E° (b) RT/nF =1 
(c)E=0 (d) E° = 


3. The nature of graph of Eo. against log K,, is a/an: 
(a) straight line (b) parabola | 
(c) hyperbola (d) elliptical curve 

4, The equilibrium constant K, for the reaction: 

Cu(s) + 2Ag* (ag.) == Cu" (aq.) + 2Ag(s) (ES cot! = 0.46 V) 

will be: 
(a) antilog 15.6 (b) antilog 2.5 

. + (c) antilog 1.5 (d) antilog 12.2 

' 5, 4° tor the electrochemical cell, 
Zn(s) |Z 2* (1M) aq. ll Cu*(1 M) aq.| Cu(s) is 1.10 volt at 
25°C. 
The equilibrium constant for the cell reaction: 
Zn(s) + Cu** (ag.) == Cu(s) + Zn?* (aq.) 

will be: 
(a) 10°” (b) 10°” 


(c) 10°? (d) 10° 


respectively. Molar conductance of strong Heeteire depends on 


concentration: 
oO 
An = a - ie 


where, AM’, = molar conductance at infinite dilution 


-~@ = concentration of the solution ~~~ er a 
b = constant 


The degrees of dissociation of weak electrolytes ave calculated 
as: 


Answer the following questions: 


1. Which of the following decreases on dilution of electrolyte 
solution? . 


(a) Equivalent conductance | (b) Molar conductance 
(c) Specific conductance - (d) Conductance _ 


2. The correct order of equivalent conductances at infinite 
dilution of LiCl, NaCl and KCl is: 


(a) LiCl > NaCl > KCl (b) KCl > NaCl > LiCl 


(c)NaCl>KCl> LiCl - ° (d) LiCl > KCl > NaCl 

3. For which of the following electrolytic solutions A,, and A, 
are equal? ; ; 
(a) BaCl, (b) KCl _(c) Al,(SO,), (d) CaCl, 


4. The conductance of a solution of an electrolyte is equal to that 
of its specific conductance. The cell constant of the 
conductivity cell is equal to: 


_ (a) resistance (b) faraday 
(c) zero _ (d) unity 
5. Which of the following equality holds good for the strong 
electrolytes? 


(a) A= A° asc 1 
(c) A= AS asc 0 


(b) A= A° asc > 0 
(d)A = A® ase > Vb 


e Passage 6 


At infinite dilution, when the dissociation of electrolyte is 
complete, each ion makes a definite contribution towards the molar 
conductance of electrolyte, irrespective of the nature of the other ion 
with which it is associated. 
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The molar conductance of an electrolyte at infinite dilution can 


be expressed as the sim of the contributions from its individual i ions. 


A Bi — > xA’* + yB* 
AY, (A,B) = XD” ys + yx 


where xand y are the number of cations and anions respectively. 


Answer the following questions: 
1. The ionic conductances of Al** and soz ions at infinite 


dilution are x and y ohm cm? mol! respectively. If 


Kohlrausch’s law: is ‘valid, then molar conductance. of 
aluminium sulphate at infinite dilution will be: 


The degree of ionisation ‘a.’ of weak electrolyte can be calculated © 


Foie? og = ~ 2.37 V, Ee 3ejc, =~ 0.74 V. 
The cortéct increasing order of reducing power is: 
(a) K > Mg > Cr > Hg > Ag (b) Ag > Hg > Cr>Mg>K 
(c) Mg >.K > Cr> Hg > Ag (d) Cr> Hg > K > Mg>Ag 
2. Which of the following oxides will be thermally most stable? 
(a) ZnO. (b) MgO (c) Cu,0 (d) Ag,O 
3. Which of the following reactions is not correct? 
(a) Zn + H,SO, ——> ZnSO, + H, 
(>) Fe + H,SO, —> FeSO, + H, 
(c) Mg + H,SO, —> MgSO, + H, 
~ (d) Cu + H,SO, —> CuSO, + H, 
4. Which of the following: couples will have highest value of 
"emf? 


(a) Mg! Mg?" ll Ag* /Ag  (b) Zn! Zn?* 1 Cu** 1 Cu 


ay ax Ty (by sy 2x (ey ae 2p ay 3x F By 


, 


p 


2. The nrolar conductances at infinite ditution for electrolytes BA 


_(c) Zn | Zn?*'| Ag* /Ag _(d) Cu! Cu** Il Ag* | Ag 


_and CA are 140 and 120 ohm! cm? mol. If the molar 
conductance at infinite dilution of. BX is 198 oa cm? mol, 
then at infinite dilution, the molar conductance of CX is: 

(a) 178 (b) 198 (c) 218 (d) 130 


- [Hints -- Age =AGrt Age > Mp Spe See 
* = 120+ 198-140 =178] 

3. The molar conductance of 0.001 M acetic acid is 50 ohm! 
cm? mol7!.. The maximum value of molar conductance of 
acetic acid is 250 ohm™! cm? mol. What is the degree of 
dissociation (& ) of acetic acid? ; 

(a)0.5 - = (b) 0.2 (c) 0.3 - (d) 0.4 


4, Which of the following solutions will have highest value of 


the molar conductance of CH;COOH? 


(a)1MCH,COOH | (b) 0.5 M CH;COOH ; 
(c) 0.3. MCH,COOH ~ (d) 0.1. M@ CH,COOH : 
5, The unit of molar conductance of an electrolyte, solution will 
-be +. 
(a) ohm! cm? mol™ (b) mho cm ? mol 
(c)S cm? mol! - (d) ohm™! cm™ mol 
e Passage 7 


. The potential associated with each electrode is known. as 


electrode potential. If the concentration of each species taking part 


in the electrode reaction is unity (if any appears in the electrode 
reaction, it is confined to 1 atmospheric pressure) and further the 
reaction is carried out at 298 K, then the potential of each electrode 
is said to be the standard electrode potential. By convention, the 
standard electrode potential of hydrogen electrode is 0.0 volt. The 
electrode potential value for each electrode process is a measure of 
relative tendency.of the active species in the process to remain in the 


-oxidised/reduced form. A negative E’° means that the redox couple-is 


a stronger reducing agent than the’ H */H, couple. A positive E° 
means that the redox couple is'a weaker reducing agent than the 
H*/H, couple. The metal with greater positive value of standard 
‘reduction potential forms the oxide of greater thermal stability. 


Answer the following questions: 
1, Given the standard reduction potentials, 


Ea BH 29S, Ee = +0.80V, E° 


K*/ Ag*/Ag = 0.79'V 


Hg?*/Hg 


‘5, Which ofthe following metals will not displace hydrogen 
from water? 


(2) Mg. () Zn. =) Sas @ A 


_ @ Passage 8 


Chemical reactions involve interaction Of c atoms and molecules. A 
large number of atoms/molecules (approximately 6.023 x 10°) are 
present in a few grams of any chemical compound varying with their 
atomic/molecular masses. To handle such large numbers 


_conveniently, the mole concept was introduced. This concept has 


implications. in diverse areas such as analytical chemistry, - 
biochemistry, electrochemistry and radiochemistry. The following . 
example illustrates a ‘typical case, involving 
chemical/electrochemical reaction, which requires a_ clear 
understanding of the mole concept.: , 

A 4.0 molar aqueous solution of NaCl is prepared and 500 mL of 
this solution is electrolysed. This leads to the evolution of chlorine 
gas at one of the electrodes (Atomic mass: Na = 23; Hg = 200; 


. 1 Faraday = 96500 coulombs).: -* (IT 2007) 


Answer the following questions: 
1. The total‘number of moles of chlorine gas evolved is: 
(a) 0.5  (b) 1.0 (c) 2.0 (d) 3.0 
[Hint: Number of moles of NaCl = piel ats oe 
1000 — 1000 
2Cl- —> Cl, + 2€7 


2 mol Cl” ions give 1 mol Cl, ] 


2. Ifthe cathode is a Hg electrode, the maximum weight (in g) of 
amalgam formed from this solution is: 
(a) 200 (b) 225. (c) 400 (d) 446 
Hint: Electrolysis gives 2 mol sodium at cathode. Thus, ° 
amalgam (Na / Hg) will contain 2 mol of each sodium and Hg. 
Mass of amalgam = 2 x 200 + 2x 23 = 446] 

3. The total charge (in coulonibs) required for complete 
electrolysis is: 
(a) 24125 (b) 48250 (c) 96500 @) 193000 
Hint: | 2 mol electrons will be required, therefore, required 
charge will be 2 faraday or 193000 coulombs.] 
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Passage 1. 1. (b) ° % 3. 
Passage 2. 1. ) 2. (b) 3. (b) 
Passage 3. 1. (b) | 2. (b) 3. (ay 
Passage 4, 1. (a) 2. (c) 7 3, 

Passage 5. 1. (c) 2. (b) 3. (b) 
Passage 6. 1. () 2. (a) 3. 

Passage 7. 1. (a) 2. @) 3. @) 
Passage 8. 1. (b) 2. @) 3. (a) 


} 


4, (a) - 5, (C) ‘- 
4. ©) 5, (b)  6.@ 
4. @) 5. (a) 
* 4@ 5, (b). 

4. @ 5, (b) 

4, @) 8, (a,b,c) 

4. @) a) 


ASSIGNMENT NO. 12 


SECTION-I 
Straight Objective Type Questions 
This section contains 10 multiple choice questions. Each 
, question has 4 choices (a), (b), (c) and (d), out of which only 
" one is correct. 
1. The specific conductance (x) of an aecnive of 0.1N 
concentration is related to equivalent conductance (A, )by the - 


following formula: {CET (J&K) 2007] ' 
-(a)A, = oa ' (by A, = 10K 
(c) A, = 100K (d) A, = 10000K 


2.. The standard E°, values: of A,B and C are +0.68 V, 
— 2.54 V, - 0.50 V respectively. The order of their ee 
power is: 

(MHT-CET 2007) 
(a) A >B>C (b)A>CS>B(c)C>B>A do 
3. Inthe electrochemical reaction, 
2Fe** + Zn —-> Zn** + 2Fe**,. 
increasing the concentration of Fe**: [JEE (WB) 2007] 
(a) increasing the cell emf 
(b) increasing the current flow 
(c) decrease the cell emf 
(d) alter the pH of the solution 

4. Fully charged lead storage battery contains 1.5 L of 
5 M H,SO,. If 2.5 amp-of current is taken from the cell for 
965 minutes, then what will be the molarity of remaining 
H,SO,? Assume that volume of battery fluid to be constant: 
(a)4M- (b) 3.5 M (c)2.M (d) 4.25 M 


5. In a hydrogen-oxygen, 67.2 litre of H, at STP is used in 


i ~inntes, What is the average current produced? 
(a) 549.4 amp (b) 643.33 amp 
(c) 965 amp (d) 129.8 amp 


The sail reaction caaWine sui drone electrode is: 
OH © 


“+ 2H" + 2e7; E° = 1.30 volt 


What will be the electrode potential at pH= 3? 
(a) 1.48 V__ gm 20V .@)110V @130V 
Hint: xR? - 2: — log [H* ] 

=L. 30-+ 0.0591 x 3 =1.48 V J 
The standard reduction potential Z° for OCI” / CI” and i 
Cl /1/2Cl, are 0.86 °V and —1.10 volt respectively. The £° 
value of OCT /1/2C1, will be: 


(a)+1.96 V(b) + ~1.96V ()+0.24V d@)- 0.24 V: 
(Hint: 
OCl +Hj,0+¢—>Cr+20H ER, = 0.86 V 


con 9 5Ch +e Fo, =-1.10V 
OCI” + H,0 54, +20H-  E° = 0.86+(- 1.10) © 


=—0.24 V] 


‘The standard reduction speaaal for a following. two 
-. reactions are given: 


AgCl +e” —-> Ag(s) + CI" (ag); E° =0.22V i) 


Ag’ (aq.) + &° ——> Ag(s) _ - £°=0.80V_ ...Gi) 
The solubility product of AgC] under standard condition will be: 
(a) 1.613» 10° M? (b) 1.535 x 10° M? 

“(c) 3.213 x 10°! M4? 1.535 x 107° M? 


(Hint: From eqs. (i) and (ii), ; - 
AgCK(s) === Ag! + Cl; E° =0.22- 0.80 =-0.58V 
0 ad 
Eon = Een — log [Ag*] [C17] 


i 0591 
2 


0=-0.58 - 


log [Ag* (cr) 


= [Ag* ] [CI-] =1.535 x10 M7} 


9. The equilibrium constant for the reaction, 
Cu(s)+ Cu?* (ag.)=== 2Cu* (aq.) 


Bei = 0.34 V + Ee 2 jcy = OISV 
(Given: log 3.72=0.571) - 

(a) 3.72 x 10° (b) 3.72 x 10° 
(c)3.72x 107 (d) 3.72 x 10° 


10. Cations absorb 6. 023: x 10”? electrons for theifediiction, How 
many equivalents of the ion are reduced? ; 
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(c) Cuts) + 2H* bigs —~ Cu** (aq.) + Hp(g) 
(d) Zn(s) + 2H* "(ag) — Zn** (ag.) + Hy(g) 


SECTION-II 


Assertion-Reason Type Questions : 
This’ section contains 6 questions. Each question contains 
Statement-1 (Assertion) and Statement-2 (Reason). Each 
question has following 4 choices (a), (b), (c) and (d), out of © 
which only one is correct. . 

(a) Statement-1 is true; statement-2 is true; statement-2 is a 
correct explanation for statement-1. 
- (b) Statement-1 is true; statement-2 is true; statement-2 is not 
- a correct explanation for statement-1. a 
_ (c) Statement-1 is true; statement-2 is false. 
(d) Statement-t i is fabs statement-2 i is true. 


(a) 0.1 (b)0.01 . (0.001 0.0001 


- SECTION=II 


Multiple Answers Type Objective Questions 
11. Inan electrolytic cell: 
(a) anode is positively charged 
(b) cathode is negatively charged 
_ (¢) oxidation takes place at anode 
(d) reduction takes place at cathode 
12. One gram equivalent of a substance i is ‘liberated at an electrode 
by: 
(a) 6.023 x 10”? electrons 
(b) 96500 C 
(c) 1 amp current for 1 second 
(d) 1 amp current for 96500 sec 
13. If 9 gm H,0 is electrolysed completely with the current of 
50% efficiency then: 
(a) 96500 charge is required 
(b) 2 x 96500 C charge is required 
(c) 5.6 L of O, at STP will be formed 
(d) 11.2 L of O, at STP will be formed 
14. A galvanic cell involves the following reaction: 
Zn(s) + 2Ag* (ag.)—— Zn?" (ag.) + 2Ag(s) 
Select the correct statements among the following: 
(a) Zinc is negatively charged . 
(b) The given redox process is spontaneous 
(c) Ag* + e& ——> Ag, takes place at anode 


(d) Zn(s) ——» Zn* + 2e”, takes place at cathode 
15. Given that, 


Ey y2+ yp = 7-25 Vs Eoyae ey = +034 V 

E not ing =+0.80V EF, 2+)7, =— 0.76 V 
Which of the following redox processes will not take place in 
specified direction? 


(a) Ni2* (ag.) + Cu(s) —> Ni(s) + Cu** (ag.) 
(b) Cu(s) + 2Ag* (aq.) —> Cu** (ag.) + 2Ag(s) 


sierie Soll duce a fetid cf 2.6 e- of pares ak STP ak 


; electrodes. 
‘Because 
Stateineut-d: In the electrolysis of water, two faraay of 
charge will produce half mole of H, gas and one fourth mole 
of O, gas. 
“Statement-1 Aqueous solution of CuSO, turns colourless on 
complete electrolysis using platinum electrode. 
Because 
Statement-2: CuSO, i is converted to Cu(OH), on setae 


18, Statement-1: ‘Sodium ions are discharged at a mercury ~ 

cathode in pESeSICS to hydrogen ion. ; 
a Because 
Statement-2: Na” is stronger reducing sean than H*. 
19. Statement-1: KC] and NH,Cl cannot be used in salt bridge of 
a cell contaening Ag*, Hg3* and TI* ions. 
_ ‘Because . 

Statiemniiit-2: Cell will be destroyed due to precipitation of 
metal chlorides. 

-20. Statemient-1: The voltage on mercury cell remains constant ° 
for its life time. 


i 


17. 


Because ~ 
Statement-2: Overall cell reaction does not involve any ion. 
21. Statement-1: In alkaline version of dry cell, ee is 


reales by KOH. 

Because 
Statement-2: Zinc container does not undergo corrosion in 
alkaline medium. 


‘SECTIONIV eG : 
Matrix-Matching Type Questions 

“This section contains 3 questions, Each: question contains 
statement given in two columns which have to be matched. 
Statements (a, b, c and d) in Column-I have to be matched with 
statements (p, g, r and s) in Column-IL. The answers to these 
questions have to be appropriately bubbled as illustrated in the 
following examples: 
If the correct matches are (a-p,s); (b-q,r); (c-p,q) and (d-s); 
then correct bubbled 4 x 4 matrix should be as follows: 


22. 
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SECTION-V 


Linked Comprehension Type Questions 


Redox reactions play a pivotal role in chemistry and biology. 
The values of standard redox poteritial (E° ) of two half-cells 
reactions decide which way the reaction is expected to 
proceed. A simple example is a Daniell cell in which zinc goes. 
into solution and copper gets deposited. Given below are a set 
of half-cell reactions (acidic medium) along with their £° (V 
with respect to normal hydrogen electrode) values. 


I, + 2e7 —> 207 > £°%=054 
Cl, + 2e° — 2Cl ; £° =1.36 
Match the Column-I with Column-II: Mn°>* + e7 ——> Mn2* > £°=150 
Column-I Column-li . Feet + & —> Fe?* | - £2 =(0,77 
(a) Nickel-Cadmium cell (p) Used in auto vehicles O, + 4H’ + 4e° —> 2H,0° ; £°% =1.23 (IT 2007) 
(b) Lithium battery (q) Secondary cell Answer the following questions: 


23. 


24. 


Match the Column-I with Colnmn-II: 
Column-I Column-Ii 
(a) Specific conductance, k (p) AS, / A°, 


(b) Molar conductance, A,, (q) Decreases with dilution 

(c) Resistance of electrolyte (r) Increases with dilution 
solution, R 

(d) Degree of ionization of (s) Increases with increase in 


weak electrolyte, o the distance between parallel 
; plates 

Match the Column-I with CoJumn-II: 

Column-! Column-il 
(a) Concentration cell (p) Fe is oxidised by Ni,O, 
(b) Edison cell (q) Zinc anode 
(c) Mercury cell (r) HgO cathode 
(d) Dry cell (s)E°=0 


1. (d) 2, (d) 3. () aS es 


9. (c) 10. fa) Ii. (a,b,c,d) 12. (a,b, d) 
17. (c) - 18. (b) 19. (a) 20. (a) 


23. (a-q)(b-1) (48) (-p.) 24. (@-s) (b-p) 4) (4-9) 


26. 


(cyH,= OF cell rrr “(ry Fuel cet 25; Among the following, identify the correct statement: ° 
(d) Lead storage battery —_{s) Used-in Apollo spacecraft —__ (ay Chtoride tonis oxidised by O7 Ss ————— 


(b) Fe** is oxidised by iodine 
.(c) Iodide ion is oxidised by chlorine 
(d) Mn?* is oxidised by chlorine - 


. [Hint: Species with greater reduction potential, oxidises other 


. with lower reduction potential.] : a oe 
While Fe** is stable, Mn°* is not stable in acid solution 
because: 

(a) O, oxidises Mn** to Mn** 

(b) O, oxidises both Mn?* and Fe?* 

(c) Fe** oxidises H,O to O, 

(d) Mn>* oxidises H,O to O, 

[Hint: Mn** oxidises HO to O, because the standard reduction 


potential of (Mn**——>Mn?*) is greater than that of 
(0, —> H,0).] 


5. (b) ran 7. (d) og. (b) 


13. (b,c). 14. (a,b) 15. (a,c) «16 (c) 
21. (ay 22. (a-q) (b-q) (0-1, (d-p,q) 


25. (c) 26. (d) 
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ADSORPTION AND 


CATALYSIS 


ADSORPTION | 


There are several examples which reveal the fact that the surface 
of a solid (or liquid) has a tendency to attract and retain the 
molecules of other immiscible phase with which it is brought into 
contact. These molecules remain only at the surface and do not go 
deeper into the bulk. This tendency of accumulation of 
molecular species at the surface than in the bulk of a solid (or. 
liquid) is termed adsorption. The molecular species or 
substance which concentrates or accumulates at the surface is 
termed adsorbate and the material on whose surface the 
adsorption has taken place is called adsorbent. 

Adsorption is essentially a surface phenomenon and solids, 
particularly in finely divided state, have large surface area and, 
therefore, show this property to a much larger extent than liquids. 
Charcoal, silica gel, alumina gel, clay, Fuller’s earth, colloids, 
metals in finely divided state, etc., act as good adsorbents. 

The adsorption of gases on metal surfaces is called 
occlusion. : 


Examples of Adsorption 

(i) If a gas like Cl, NH; or SO, is enclosed in presence of 
powdered charcoal in a closed vessel, it is observed that the 
pressure of the gas decreases. The gas molecules concentrate at 
the surface of the charcoal, .¢., gases are adsorbed at the surface. 

(ii) In a solution of an organic dye say methylerie blue, when 
animal charcoal is added and the solution is ‘well shaken, it is 
found taat the filtrate obtained after filtration is colourless. The 
molecules of the dye, thus, concentrate on the surface of 
charccal, i.2., solute molecules from solution are adsorbed. 

(iii) Water solution of raw sugar, when passed over beds of 


“13. INTRODUCTION ~~ eg ee 


animal ‘charcoal, be becomes colourless as the colouring substances 


are adsorbed by animal charcoal. 

(iv) The air becomes dry, i.e., loses moisture in presence of 
silica gel. Molecules of water concentrate on the surface of gel, 
i.e., are adsorbed. 

It is clear from the above examples that solid surfaces can hold -~ 
the gas molecules, liquid molecules and also solid molecules by 
virtue of adsorption. The process of removing an adsorbed 
substance from a surface on which it is adsorbed is called 
desorption. 


13.2 DISTINCTION BETWEEN ADSORPTION 


AND ABSORPTION | ; ae 


There are two similar sounding terms adsorption and absorption. 
Both the terms have different meanings. In adsorption, the 
substance is concentrated only at the surface and does not 
penetrate through the surface to go deep inside the bulk of the 
adsorbent, while in absorption, the substance is uniformly 
distributed throughout the bulk of the solid or liquid. For 
example, when a chalk stick is dipped in ink, the surface attains, 
the colour of the ink due to adsorption of coloured molecules 
while the solvent of the ink goes deeper into the stick due to 
absorption. On breaking the chalk stick it is found that it is white 
from inside. Water vapours are absorbed by anhydrous calcium 
chloride while these are adsorbed by silica gel. In other words, 
in adsorption the concentration of the adsorbate increases 
only at the surface of the adsorbent, while in absorption the 
concentration is uniform throughout the bulk of the solid. 
Both adsorption and absorption take place simultaneously. 
Mc Bain introduced a general term sorption to describe both the 


Note: Rate of adsorption is high at the beginning and then decreases till equilibrium i ig attained. On the other hand, rate of absorption remains same 


throughout the process. 


ADSORPTION AND CATALYSIS | 867 


KEK 

xX xx, 

x x 

x x 

xX x 

x x 

ee, ‘4 

x 

x x 
XK XK X XR GKX % 
Adsorption Absorption Sorption 


Fig. 13.1 
processes. However, adsorption is instantaneous, ie, a fast 
process while absorption is a slow process, e.g., 

(i) [fsilica gel is placed ia a vessel containing water vapours, 
the latter are adsorbed on the former. On the other hand, if 
anhydrous CaCl, is kept in place of silica gel, absorption takes 
place as the water vapours eve uniformly distributed in CaCl, to 


form-hydrated-cateium chtoride t{Ca€hy-2H5 0}. 


13.4 TYPES OF ADSORPTION | 
_ (Adsorption of Gases) 


There are two main types of adsorption of gases on solids. 

If accumulation of gas on the surface of a solid occurs on 
account of weak van der Waals’ forces, the adsorption is 
termed as physical adsorption or physisorption. When the gas 
molecules or atoms are held to the solid surface by chemical 
bonds, the adsorption is termed chemical adsorption or 
chemisorption. The chemical bonds may be covalent or ionic in 
nature. Chemisorption has a rather high energy of activation and 
is, therefore, often referred to as activated adsorption. 
Sometimes these two processes occur simultaneously and it is not 
easy to ascertain the type of adsorption. A physical adsorption at 
low temperature may pass into chemisorption as the temperature 


> 


Gi} Dyes get adsorbed as well-as absorbed in the cotton fibres, 


i.e., sorption takes place. 


13.3. MECHANISM OF ADSORPTION 


Adsorption is due to the fact that the surface particles of the 
adsorbent are-in-different-state-than-the particles inside the-bulk- 
Inside the adsorbent all the forces acting between the particles are 
mutually balanced but on the surface the particles are not 
surrounded by atoms or molecules of their kind on all sides and 
hence they possess unbalanced or residual attractive forces. 
These forces of the adsorbent are responsible for attracting the 
adsorbate particles on its surface. 

The extent of adsorption increases with the increase of surface 
area per unit mass of the adsorbent at a given temperature and 
pressure. This shows that with increase of surface area, the 
unbalanced attractive forces of the surface are also increased. 


Another important factor regarding adsorption is the heat of - 


adsorption. During adsorption, there is always decrease in 
residual forces of the surface, i.e., there is decrease in surface 
energy which appears as heat. Adsorption, therefore, is 
invariably accompanied by evolution of heat, i.¢., it is an 
exothermic process. In other words, AH of adsorption is always 


negative. When a gas is adsorbed, the freedom of movement of - 


its molecules becomes restricted. This amounts to decrease in the 
entropy of the gas after adsorption, ie, AS is negative. 
Adsorption is thus accompanied by decrease in enthalpy as 
well as decrease in entropy of the system. For a process to be 
instantaneous, the thermodynamic requirement is that AG must 
be negative, i.¢., there is decrease in free energy. On the basis of 
equation, AG=AH-TAS, AG can be negative if AH has 
sufficiently high negative value as ~TAS is positive. 
Thus, in an adsorption process, which is spontaneous, 

AS is negative, 

AH is also sufficiently negative, 
and as a combination of these two factors, 

AG is negative. 


AH becomes less and less negative as adsorption proceeds 
further and further. Ultimately AH becomes equal to TAS and AG 
becomes zero. This is the state at which equilibrium is attained. 


{8 ificreased: For example, hydrogen is first adsorbed on nickel by 


~vanrder Waals’ forces: Motecules of hydrogen then dissociate and 
hydrogen atoms are held on the surface by chemisorption. 
Some of the important characteristics of both types of 
adsorption are described below: 


1. Characteristics of physical adsorption _ 


(i) Lack of specificity: The surface of an “aasoibent does 
not show very strong attraction for a particular gas as the van der 
Waals’ forces are universal. 

(ii) Nature of gas: The amount of gas adsorbed by a solid 
depends on the nature of gas. In general, more easily liquefiable 


gases (i.¢., higher critical temperatures) are readily adsorbed as~ 


van der Waals’ forces are stronger near the critical temperatures. 
Thus, 1g of activated charcoal adsorbs 380 mL of sulphur dioxide 
(critical temp. 157°C), 16 mL of methane (critical temp. 
— 83°C) and 4.5 mL of hydrogen (critical temp. -240° C). 


(iii) Reversible nature: . Physical adsorption of a gas by a 
solid is generally reversible. The gas adsorbed can be removed by 
reversing the conditions of temperature and pressure. Thus, 


Gas === Gas/ Solid + Heat 


More of gas is adsorbed when pressure is increased as the 
volume of the gas decreases (Le-Chatelier’s principle) _ it can 
be removed by decreasing pressure. 

Since, the adsorption process is exuthermic, the physical 
adsorption occurs readily at low tempera‘ure and 72-, eases with 
increasing temperature (Le-Chatelier’s principle). As the 
activation energy in the physical adsorption is more or less zero, 
the rate of adsorption is not affected even at low temperature. 

{iv) Surface area of adsorbent: The extent of adsorption 
increases with increase of surface area of the adsorbent. Thus, 
finely divided metals and porous substances having large surface 
areas are good adsorbents. 

(v) Heat of adsorption: No doubt, physical adsorption is 
an exothermic process but its heat of adsorption is quite low 


Cas H, N, CO CH, CO, HCI NH, SO, 
Volowre 4.5 8. 93 162 48 72 181 380 __ 
adksonthed (6) 7 

_ Critical 33 126 134 190 304 324 406 430 
tempat (i) " 
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(20-40 kJ mol! or about 5 keal mol! “ly since the attraction 
between gas molecules and solid surface is due to weak van der 
Waals’ forces. 


2. Characteristics of chemisorption . 
_@ High specificity: | Chemisorption is highly specific and it 


will only occur if there is some possibility of chemical bonding. 
For example, oxygen is adsorbed on metals by virtue of oxide 


‘formation and hydrogen is adsorbed by u.~sitica metals with 


unpaired d-orbitals leading to hydride formation. 

(ii) Nature of gas: Chemisorption will occur if there is 
some possibility of chemical action between the gas and the solid 
adsorbent. 


(iii) Irreversibility: As chemisorption involves éoinpoutd 
formation, it is commonly irreversible in nature. Chemisorption 


¥ 


Adsorption of N, on the Surface of Iron 


- Nature of adsorption of nitrogen on the surface of iron 
depends on the temperature. At 83 K, nitrogen is physisorbed on 
iron surface as N, molecules. The degree of adsorption decreases 
rapidly as the temperature increases. At room temperature, there 
is no adsorption of N, on iron, When temperature is further 
increased up to 773 K and above, then nitrogen is chemisorbed 
on the iron surface as nitrogen atom. 


Activation of Adsorption 

Adsorbing power of an adsorbent can be increased by a . 
number of ways. Some important methods are described below: 
(i) Metallic adsorbents are activated by rubbing the surface. 

' (ii) Activity af adsorbent can be increased by taking it in 

powdered state because in the pomceree state the surface area is 


wat tow-——naximum, 7 
Pad ik dueek 


chemical changes, it often increases with rise of temperature. A 


- gas adsorbed at low temperature by physical adsorption may 


change‘into chemisorption at high temperature. 
High. pressure is favourable for chemisorption. 


_(iv) Surface area: | 


_Like physical adsorption, chemisorption 


also increases with i increase of surface area of the adsorbent. 


(v) Heat of adsorption: 


Heat of adsorption is high enough 


(40-400 kJ/mol) as chemisorption involves bond formation. 


Comparison of physisorption and itil ce 


1. It is caused by chemical bond 
van der Waals’ forces. formation. 

2. Itis not specific. It is highly specific. 

3.. Itis reversible.: It is irreversible. 

4. It depends on the nature of gas. | It depends on the nature of gas, 
More easily liquefiable gases} Gases which form compounds 
are adsorbed readily. -| with the adsorbent exhibit 

; ’ | chemisorption. 

5. Heat of adsorption is low. Heat of adsorption is high. 

6. Low temperature is favourable. | High temperature is favourable. 

It decreases with increase of] It increases with increase of 
temperature. — temperature. 

7. No appreciable activation en-| High activation energy is in- 
ergy is involved. volved. 

8. High pressure is favourable.| High pressure is favourable. 
Decrease of pressure causes| Decrease of pressure does not 
desorption. cause desorption. 

9. It depends on the surface area.) It also depends on the surface ie 
‘It increases with increase of} area. It increases with increase 
surface area. of surface area. 

10. It forms multilayers on adsor- | It forms unimolecular layer. 


It is caused by intermolecular 


bent surface under high pres-. 


sure. 


heating with superheated steam. For example, the charcoal is 
activated by heating between 650 K and 1330 K in vacuum, air or 
superheated steam. 


a 5 ADSORPTION ISOTHERMS 


The variation of the amount of the gas adsorbed by the adsorbent 


with pressure at constant temperature can be expressed by means 


_of a curve. This curve is termed as adsorption isotherm at the 


particular temperature. 


Freundlich adsorption isotherm: Freundlich, in 1909, 
gave an empirical relationship between the quantity of gas~ 
adsorbed by unit mass of solid adsorbent and pressure at a 
particular temperature. The relationship can be expressed by the 
following equation: 


_Amount of gas adsorbed per 
gm of adsorbent (a) ——> 


Pressure ——» 


Fig. 13.2 Adsorption isotherm 


Zapp , sey 
m 
where ‘x’ is the mass of the gas adsorbed on a mass ‘m’ of the 
adsorbent at a pressure P. k and n are constants which depend on 
the nature of the adsorbent and the gas at a particular temperature. 
The relationship is generally represented in the form of a curve 
when mass of the gas adsorbed per gram of the adsorbent is 
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plotted against the pressure (Fig. 13.2). These curves indicate that 


at a fixed pressure, there is decrease in physical adsorption with 
increase in temperature. These curves always seem to approach 
saturation at high pressure. 

Taking logarithm of equation (i), 


ig Sloe ke los P i 

m n 
This is the equation of a straight line. The ey of 
Fretmdlich isotherm can be verified by plotting log — — on y-axis 


(oritiniatd) and log P on x-axis (abscissa). If it comes to be a 
straight line, the Freundlich isotherm is valid, otherwise not (Fig. 
13.3(a)]. The slope of the straight line gives the value of 1/ n. 


(iii) It is unable to explain, why the degree of adsorption is 
constant at higher pressure. , 

(iv) It is applicable for only physical adsorption because it 
considers multimolecular layer of adsorption. 

The Freundlich adsorption isotherm was modified by © 
Langmuir in 1916. 

Langmuir adsorption isotherm: ~ Langmuir (1916) dérived 
a simple adsorption isotherm. He postulated the following theory 
of adsorption: 


(i) Gases form unimolecular javier of adsorption on the’ 
surface of adsorbate. 
(ii) Gases undergoing adsorption behave ideally. 
(iii) Adjacent adsorbed molecules do not interact. In other 
words, adsorption of a gas molecule at a particular site is 
independent, whether the neighbouring sites are adsorbed or not. 


$ 


(iv) Dynamic equilibrium exists on the surface of adsorbent, 
i.e., two opposite processes take ae simultaneously on the 


log P —> 


’ Fig. 13.3 (a) Freundlich isotherm 


‘tan § = Pas 
aon 

The intercept on the y-axis gives the value of log &. 

Freundlich isotherm explains the behaviour of adsorption in 
an approximate manner. The factor I/ » can have values between 
0 and 1 (probable range 0.1 to 0.5). Thus, equation (i) holds good 
over a limited range of pressure. 

When 1/n = 0, x/m= constant which shows that adsorption is 
indcpcudent of pressure. When, I/n = 1, x/m=kP,i.e.,x/me P, 
The adsorption varies directly with pressure. See graph in Fig. 
13.3(b). 


Pressure ‘P’ —» 


Fig. 13.3(b) 

Both the above conditions are supported by experimental 
results. The experimental isotherms always seem to approach 
saturation at high pressure. This cannot be explained by 
Freundlich isotherm. Thus, it fails at high pressure. 

Shortcomings of Freundlich adsorption isotherm: 

(i) Concept of Freundlich adsorption is purely empirical. 

(ii) It does not consider the role of surface area of adsorbent in 
the process of adsorption. 


surface of adsorbent. 


(a) Adsorption or condensation : “of gas molecules on he“ 
surface of solid or adsorbent. 


(b) Desorption or evaporation of gas molecules from the 
surface of adsorbent. 


-At the-stage-of adsorption equilibrium, therate-of-adsorptien— ~~ - 


becomes equal to the rate of desorption. 

Let us derive mathematical relation of adsorption isotherm. 
Let @ is the fraction of surface area of adsorbent covered by the 
gas molecules, then (1-9) will be the fraction of surface area - 
base which is available for adsorption. Rate of adsorption 
depends on the fraction of surface area base and the pressure of 
gas on the surface of adsorbent. 

Rate of adsorption =k, (1-9)P ae @ : 


Rate of desorption is directly proportional to the fraction of ~ . 


surface area of adsorbent occupied. 
Rate of desorption = 4,6 .. il) 
At equilibrium, 
Rate of adsorption = Rate of desorption 


k, (1-9)P = k,8 
pe HE 
Ay +kyP 
og - thilk)P__KP 


1+ KP 
1+ ua P 
ks 


k 
where, K =— = constant 
2 
According to Langmuir, the degree of adsorption is directly 
proportional to the 9, i.¢., fraction of surface area occupied. 
X 9 = KKP  K’P 


.. Gid) 
m 1+ KP 14 KP 
where, K'=kK 
Equation (iii) can be rearranged as:. 
Pi + K) 
Ocim) K’ VK‘; 
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It is of the form y=c + mx, i.e., equation of straight line but 


as ; P 
not passing through origin. By plotting Gi 


against ‘P’ we get 
x/m) 


a straight line. 
Slope of the line AB = a = tan 6 


'ntercept of the line = ~o = length OA 


~ When, [ uk ) is plotted against awe get straight line with 
x , : 


slope [ i Jana intercept | iu } 
a a 


13.6 ADSORPTION FROM SOLUTION PHASE 


Solids can adsorb solutes from solutions also. When a solution of 
acetic acid in water is shaken with charcoal, a part of the acid is 
adsorbed by the charcoal and the concentration of the acid 
decreases in the solution. The litmus solution when shaken with 
charcoal becomes colourless. The precipitate of Mg(OH), attains 
blue colour when precipitated in presence of magneson. The 
colour is due to adsorption of magneson. The following 
observations have been made in the case of adsorption from 
solution phase: 


(i) The extent of adsorption decreases with the increase of 


x 


O 


Pressure (P) ——» 


Fig. 13.3(c) Plot of Langmuir adsorption isotherm 


Interpretation of Langmuir adsorption isotherm: Let 


____us consider the mathematical relation. == saber iene 


Case I. When pressure is very high then + KP = KP 


x K’P 
— =—— = constant 
m KP 

Thus, at high pressure, the degree of adsorption approaches a 
limiting value. 

Case II. When pressure is low then 1+ KP = 1 

~=K’P 
m 
Thus, degree of adsorption is directly proportional to pressure. 
Case III. When pressure is moderate then expression is of 


the form =~ = KP !! ". where, ze lies between 0 and 1. 
. m 2 


‘Alternatively, 
If Langmuir adsorption isotherm is expressed as: 
2s (i 
m 1+bP 7 
then, uf i + pp (ii) 


Thus, a plot of aa against will be a straight line with slope 
x. é 


/m) 


@ and intercept = : 
a a 


Equation (i) may also be taken as: 


temperature. ; 
(ii) The extent of adsorption increases with the increase of 
surface area of the adsorbent. 
(ili) The extent of adsorption depends on the concentration of 
the solute in solution. 


__{iv) The_extent_of adsorption..depends.on..the-nature_of_the——. 


adsorbent and the adsorbate. 

When the concentration of adsorbate is more on the 
surface of the adsorbent than in the bulk, it is called positive 
adsorption. If the concentration of the adsorbate is less 
relative to its concentration in the bulk, it is called negative 
adsorption. - : 

The precise mechanism of adsorption from solution is not 
known. Freundlich’s equation approximately describes the 
behaviour of adsorption from solution with the difference that 
instead of pressure, concentration of the solution is taken into 
account, i.e. , 

: 5 ee! kel 
: m 

(C is the equilibrium concentration, i.e., when adsorption is 

complete.) 


On taking logarithm of the above equation, we have 
‘log ~ = log k+l tog C 
m n 


Plotting log x/m against log C a straight line is obtained which 
shows the validity of Freundlich isotherm. This can be tested 
experimentally by taking solutions of different concentrations of 
acetic acid. ‘Equal volumes of solutions are added to equal 
amounts of charcoal in different flasks. The final concentration is 
determined in each flask after adsorption. The difference in the 


‘initial concentration and final concentration gives the value of x. 


Using the above equation, validity of Freundlich isotherm can be 
established. 


13.7 ADSORPTION ISOBARS AND ISOSTERE 


A. graph drawn between degree of adsorption (x/m) and 


. temperature ‘t’ at a constant pressure of adsorbate gas is known 


as adsorption isobar 
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3]« —> 


P = Constant 
| \. P= Constant 


eaeacens isobar) ea isobar) 


Fig. 13.4 
Adsorption isobars of physical and chemical adsorptions show 
an important difference and this difference is helpful in 
distinguishing these two types of adsorption. 
Adsorption Isostere: Degree of 
adsorption depends on temperature as t 


1. Production of high vacuum: A bulb of charcoal 
cooled in liquid air is connected to a vessel which has already 
been exhausted as far as possible by a vacuum pump. The 
remaining traces of air are adsorbed by the charcoal. This results 
in a very high vacuum. 

2. Gas masks: Gas mask is a device which consists of 
activated charcoal or a mixture or adsorbents. This apparatus is 
used to adsorb poisonous gases and thus purify the air for 
breathing. 


3. Humidity control: Silica and aluminium gels are used . 


as adsorbents for removing moisture. These gels are used for 
controlling humidity of rooms. Silica gel -is also used in 
desiccators. 


4. Removal of colouring matter from solution: Animal 
charcoal removes colours of solutions by adsorbing coloured 


well as on pressure. When temperature» 


» 


atur 


increases, the extent of adsorption = 


decreases. A linear relationship should o 
exist between temperature and pressure E 
with a certain amount of adsorption. © 
The plot of temperature versus pressure Pressure —> 


ral 


f pGSeSe ek Saleh epee ne een if —Fig:-13:5 ares Newehac tease 


called adsorption isostere. 


Preferential Adsorption OR Competing Adsorption 
Whenever a mixture is allowed to come in contact with a 

particular adsorbent under the same conditions, the more strongly 

adsorbable adsorbate is adsorbed to a greater extent irrespective 


of its amount present. A preferentially adsorbable adsorbate can . 


displace a weakly adsorbed substance from the surface of the 
adsorbent. 


Determination of Surface Area of Adsorbent 


IfV litre of a gas is adsorbed at temperature 7 and Pieesite ‘P’ 
then number of gas molecules adsorbed will be: 


Fry ra 


Number of molecules = (=) x 6.023 10° < ...(i) 
RT} 


If monomolecular layer of adsorption is formed then: 
- Surface area of adsorbent 
= Number of molecules x Area of cross-section of a molecule 
Area of cross section of molecule is usually determined from 
the density of the liquefied or solidified adsorbate. 


Volume of gas molecule = EET 
p x 6.02310 


4 ys M 
—~" =— 
3 PN 4 


1/3 
2 Mm 
| an pN, 
2/3 
3 u 


An ON , 
13.8 APPLICATIONS OF ADSORPTION 


The phenomenon of adsorption finds a number of applications. 
Important ones are given here: 


Area of cross-section = tr? = ‘ 


impurities. Animal charcoal i a Olouriser in the 


_ manufacture of cane sugar. 


5. Heterogeneous catalysis: Adsorption of reactants on 
the solid surface of the catalysts affects the rate of reaction 
between the reactants. The reaction proceeds more rapidly after 


adsorption. There are many gaseous reactions of industrial’ 


importance involving solid catalysts. Manufacture of ammor!* 


-using—iron-~as~a~catalyst, -manufacture-of-H;SOz by—contact 
process and use of finely divided nickel in the hydrogenation 01 
oils are excellent examples of heterogeneous catalysis. 

6. Separation of inert gases: Due to the difference in 
degree of adsorption of gases by charcoal, a mixture of inert 
gases can be separated by adsorption on coconut charcoal at 
different low temperatures. 

7. Softening of hard water: The hard water is made to 
pass through a column packed with zeolite (sodium aluminium 
silicate). Ca?* and Mg** ions, which are responsible for 
hardness, get adsorbed on zeolite, exchanging sodium ions. 

Na Al,Si,0, + CaCl, ——» CaAl,Si,O, + 2NaCl 

The exhausted zeolite is regenerated with, 10% of sodium 

chloride solution. aa 
_ CaAl,Si,0, + 2NaCl —> Na,Al,Si,0, + CaCl, 

8. Deionisation of water: Water can be deionised by 
removing all dissolved salts with the help of cation and 
anion-exchanger resin. Cation-exchanger is an organic synthetic 
resin such as polystyrene containing a macroanion (R— SO} ) 


which has adsorbed H” ions. A resin containing a basic group 
(—N*R;) which has adsorbed OH” ions acts as 
anion-exchanger. The water containing dissolved salts is first 
passed through cation-exchanger and then through 
anion-exchanger. The cation-exchanger removes the cations by 
exchange with H* ions while anion-exchanger removes the 
anions by exchange with OH ions: 
R” ---H' +Na* —>R” --~-Na* +H* 
Cation -exchanger : 
R* ~--OH” +Cl —>R* --~Cl +OH” 
Anion -exchanger 
The H* and OH™ ions thus produced react with each other to 
form water molecules. 
H* +OH —-+H,0 


. 9, Incuring diseases: A number of drugs are adsorbed on 
the germs and kill them or these are adsorbed on the tissues and 
heat them. 


10. Cleaning agents: Soaps and detergents get adsorbed 


on the interface and thus reduce the surface tension between dirt 
and cloth, subsequently the dirt is removed from the cloth. 


11. Froth floatation process: A low grade sulphide ore is 


concentrated by separating it from silica and other earthy-matter 


by this method. The finely divided ore is added to water 
containing pine oil and foaming agent. The air is bubbled through 
the mixture. The foam formed rises to the surface on which 
mineral particles wetted with oil are adsorbed while earthy matter 
settles down at the bottoni. 

12. Adsorption indicators: Surfaces of certain precipitates 
such as silver halides have the property of adsorbing some dyes 
like eosin, fluorescein, etc. In the case of precipitation titrations 
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(for example AgNO, versus NaCl) the indicator is adsorbed at 
’ the end point producing a characteristic colour on the precipitate. 


13. Chromatographic analysis: The phenomenon of 
adsorption has given an excellent technique of analysis known as 
chromatographic analysis. The technique finds a number of 
applications in analytical and industrial fields. 

14. Surfactants: Surfactants work as emulsifier in the 
manufacture of emulsion. The emulsifiers work on the principle 
of adsorption. 


15. Adsorption and kinetics: Many reactions that occur 
on a metal surface are of zero-order, e.g., decomposition of N,O 
on platinum surface. It is because the rate determining step 
occurs on the surface itself. Once the surface of adsorbent gets 
covered by the reactant, the rate of reaction becomes independent 
of concentration of the reactant. 


x 


% 


CATALYSIS 


13.9. INTRODUCTION 


Potassium chlorate when strongly heated decomposes slowly 


__ giving oxygen. The decomposition occurs in the temperature _ 


range of 380-600°C. 
2KC1O, —— 2KCl +30, 

_ However, when a little of manganese dioxide is added, the 
decomposition takes place at a considerable lower temperature 
range, i.e, 200-360°C at a much accelerated rate. The 
manganese dioxide added remains unehaiees with regard to its 
mass and composition. 

In a similar manner, the rates of a number of chemical 
reactions can be altered by the mere presence of a foreign 
substance. The systematic study of the effect of various foreign 
substances on the rates of chemical reactions was first made by 
Berzelius, in 1835. He suggested the name catalyst, for such 
substances, 

Substances which thus alter the velocity of a reaction, 
themselves remaining chemically and quantitatively unchanged 
after the reaction, are known as catalysts.and the phenomenon is 
known as catalysis. Ostwald (1895), defined a catalyst as: a 


‘substance which changes the reaction rate without affecting ihe 


overall energetics of the reaction. 


13.10 HOMOGENEOUS AND 
"HETEROGENEOUS CATALYSIS 


Catalytic reactions can be broadly divided into two groups: 


1.. Homogeneous catalysis: When the reactants and the | 


catalyst are in the same phase, i.e., solid, liquid or gas, the 
catalysis is said to be homogeneous. The following are some of 
the examples of homogeneous catalysis: 

(i) Oxidation of sulphur dioxide into sulphur trioxide with 
oxygen in the presence of oxides of nitrogen as the catalyst in the 
lead chamber process. 


NO(g) 
# 2802 (g)+ O2(g) ——> 280; (g) 


_*(J) represents liquid or solution in chemical reactions. 


The reactants sulphur dioxide and oxygen are in gaseous state. 
The catalyst nitric oxide is also in gaseous state, i.e, all are in the 
same i pllase: 


furnished by hydrochloric acid. 

HCI 
CH,COOCH, (/)+ H, oj, CH,COOH(/)+ CH, OH(/)" 
Both the reactants and catalyst are in the same phase. 


(iii) Hydrolysis of sugar is catalysed by H* ions furnished by 
sulphuric acid. 


HSO,4(/) 
C,.H20), (/) + H, O(2) ———_> CBO, (2) + CgHy2O¢ (2) 
Soliton . Glucose Fructose 
. Solution 
Both the reactants and the catalyst are in the same phase. 

2. Heterogeneous catalysis: The catalytic process in 
which the reactants and the catalyst are in different phases is. 
known. as heterogeneous catalysis. Some of the examples of 
heterogeneous catalysis are given below: 

(i) Oxidation of sulphur dioxide into sulphur trioxide in the 
presence of platinum metal or vanadium pentoxide as catalyst in 
the contact process for the manufacture of sulphuric acid. 


Pt(s) 
280, (g) + O7(g) —— 2803 (g) 


The reactants are in gaseous state while the catalyst is in solid 
state. 


(ii) Combination between nitrogen and hydrogen to form a 
ammonia in the presence of finely divided iron in Haber process. 


: '  Fe(s) 
N2(g)+ 3H, (g) —— > 2NH; (g) 


The reactants are in gaseous state while the catalyst is in Solid 
state. 


(iii) Oxidation of ammonia into nitric oxide in the presence of 
platinum gauze as a catalyst i in Ostwald’s process. 


Pt(s) 
4NH; (g) + 5Oz(g) ——> 4NO(g) + 6H,O(g ) 
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The reactants are in gaseous state while the catalyst is in the solid 
state. 

(iv) Hydrogenation of vegetable oils in the presence of finely 
divided nickel as catalyst. 


Nits: 
Vegetable oils (1) + Hy (g) <-> Vanaspati ghee(s) 


One of the reactants is in liquid state and the other in gaseous 
state while the catalyst is in solid state. 


13.11 TYPES OF CATALYSIS 


Catalytic reactions are of the following types: 

1. Positive catalysis: When the rate of reaction is 
accelerated by the foreign substance, it is said to be a positive 
catalyst and the phenomenon as positive catalysis. 

Examples of positive catalysis: 


(viii) Synthesis of ammonia by Haber process in presence of a 
mixture of iron and molybdenum. 


Fe(s) 
No(g) + 3H (ge 2NH 
2g ) ee Ne, (g) 
(ix) Manufacture of methyl alcohol in presence of ZnO/Cr,03. 
ZnO(s), 250°C 
Core) + 2H, (g) eer Pa CH; OH(g) 


(x) Formation of methane in presence of nickel. 


CO(g) + 3H, (g) > CHy (g) + Hy O(g) 


Positive catalyst increases the rate by lowering activation 
energy of reaction. Catalyst changes the mechanism by changing 
the intermediate,-i.¢.,an-intermediaté 


G) Decomposition of HO, ii presence of colloidal platinum. 


» 


-increases the rate by converting some inactive molecules into 


2H,,0, (1) > 2H, O0(1) + 0(g) 


(ii) Decomposition of KCIO; in presence of manganese 
dioxide. 


Mn0> (s) 
2KCIO, (9 oa 2KC\K(s) + 302(g) 


(ill) Oxidation of ammonia in hagas of platinum gauze. 


4NH;(g) +502(g) —4 4NO(g) + 6H, O(g) 
(iv) Oxidation of sulphur dioxide in presence of nitric oxide. 


NOG) 
280, (g)+ O2(g) ——> 280, (g) 


(v) Oxidation of sulphur dioxide in presence of platinized 
asbestos or vanadium pentoxide, 
V205(s) 
2S0,(g) + O2(g) > 280; (g) 
or Pt(s) 


(vi) Oxidation of hydrochloric acid into chlorine by Deacon’s 
process in presence of CuCl,. 


CuCl 2 (s) : 
4HCI(g) + O>(g) ———> 2Cl(g) + 2H O(g) 
5 1, 


Catalyst 
absent 


Positive 
catalyst 


m 
+ 


Potential energy —> 


Collision number ——> -- 


Fig. 13.6 
(vii) Hydrogenaticn of vegetable oil in presence of nickel. 


Vegetable oil(/) + H,\2) ss Vanaspati ghee(s) 


active ones. 
From chemical kinetics: 


-where,..k, = rate_constant_in.-presence.of_catalyst, 4,.= Tate: 


constant in absence of catalyst. 
AE = Lowering of activation energy 


k 
—? = antilog es 
k 2.303 RT 


2. Negative catalysis: There are certain substances which, 
when added to the reaction mixture, retard the reaction rate _ 
instead of increasing it. These are cailed negative catalysts or 
inhibitors and the phenomenon is known as negative catalysis. 


ie Cacia \«———. Negative 
catalyst 


“ 


Potential energy —> 


Collision number —» 
AE = Increased activation energy 


Fig. 13.7 


’ Examples of negative catalysis: 
(i) The oxidation of sodium sulphite by air is retarded by 
-alcohol. 
: Alcohol(/) 
2Na ,80; (5) + O2(g) ——-—— 2Na,80,4(s) 


Alcohol acts as a negative catalyst. . 
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F ’ 

(ii) The decomposition of hydrogen peroxide decreases in 
presence of glycerine. Thus, in this reaction glycerine acts as a 
negative catalyst. 

91,05) 5 oH, 00) F Ose) 

(iii) The oxidation of chloroform by air is retarded if some 

alcohol is added to it. 


Icohol(/ 
.2CHCI, (1) + 05 (g) 9 2COCI, (g) + 2HCKg) 

(iv) The oxidation of benzaldehyde is retarded if some 

dipheny! amine is added. It acts as a negative catalyst. 
Dipheny! amine(/) 

2C,H;CHO(/) + O3(g ) ——————> 2C,, H, COOH (/) 

(v) Tetraethyl lead (TEL) acts as an antiknocking agent in the 
case of petrol. Thus, it decreases knocking of petrol and acts as a 
negative catalyst. 
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Examples of induced catalysis: 

(i) Sodium arsenite solution is not oxidised by air. If, 
however, air is passed through a mixture of the solution of 
sodium arsenite and sodium sulphitc, voth of them undergo 
simultaneous oxidation. The oxidation of sodium sulphite, thus, 
induces the oxidation of sodium arsenite. 


Na,SO, +20, —>Na,SO, 


Na,AsO, +20, —— Na ,;As0O, 


(ii) The reduction of mercuric chloride (HgCl,) with oxalic 
acid is very slow, but potassium permanganate is reduced readily 
with oxalic acid. If, however, oxalic acid is added to a mixture of 
potassium permanganate and mercuric chloride, both are reduced 


simultaneously. The reduction.of potassium permanganate, thus, 


(vi) Addition of smait amount of acetanitide shows stow 


> 


, 


ene pe ere minee eee STEEN ra ete 


decomposition of hydrogen peroxide- 


induces the reduction of mercuric chloride. 


Negative catalysts decrease the rate by increasing the 
activation energy of reaction. Mechanism is altered by altering 
the intermediate; the new intermediate lies at high energy state. 

3. Autocatalysis: In certain reactions, one of the products 
acts as a catalyst. In the initial stages the reaction is slow but as _ 


soon as the products come into existence, the reaction rate 
increases. This type of phenomenon, in which one of the products 
itself acts as a catalyst, is known as autocatalysis. 

Examples of autocatalysis: ; 

(i) The rate of oxidation of oxalic acid by acidified potassium 
permanganate increases as the reaction progresses. This 
acceleration is due to the presence of Mn”* ions which are 
formed during reaction. Thus, Mn* ions act as autocatalyst. 

5H,C,0,4 + 2KMnO, + 3H,SO, —> 

2MnSO, + K,SO, +10CO, +8H,O 

(i) When nitric acid is poured on copper, the reaction is very 
slow in the beginning; gradually the 
reaction becomes faster due to the 
formation of nitrous acid during the 
reaction which acts as an autocatalyst. 

“(ili) In hydrolysis of ethyl acetate, 
acetic acid and ethyl alcohol are 
formed. The reaction is initially very 
slow but gradually its rate increases. 
This is due to the formation of acetic Time —> 
acid which acts as an autocatalyst in ~ 
this reaction. 

CH;COOC,H; + H,O—>CH,COOH + C,H,OH 

In the case of homogeneous autocatalytic reactions, rate in- 
creases with passage of time because in such cases rate of reac- 
tion is directly proportional to concentration of catalyst, e.g., 

CH;COOC,H, + H,0—~> CH;,;COOH+ C,H,OH 
Rate = k [CH;COOCH; |[CH,COOH] 


Reactant Catalyst 


Rate —»> 


Fig. 13.8 


4. Induced catalysis: When one reaction influences the 
rate of other reaction, which does not occur under ordinary 
conditions, the phenomenon is known as induced catalysis. 


13.12- CHARACTERISTICS OF CATALYSIS 


The following are the characteristics which are common to most 
of the catalytic reactions: 


-—(i)—A-catalyst-remains—unchanged-in-mass—and- chemi¢al— 


composition at the end of the reaction: The amount of the 

catalyst found at the completion of the reaction is the same as. 
taken at the start of the reaction. There is also no change in its. 
composition. However,;it is observed that in some cases the 

physical state may change. For example, manganese dioxide used 

in the granular form as a catalyst in the decomposition of KCIO; 

is left as a fine powder at the completion of the reaction. 

(ii) A small quantity of the catalyst is generally sufficient 
to catalyse almost unlimited reaction: For example, in the 
decomposition of hydrogen peroxide, one gram of colloidal 
platinum can catalyse 10° litre of hydrogen peroxide. One mole 
of Cu** in 10° litre can catalyse the oxidation of sodium sulphite 
by atmospheric oxygen. —: 

However, in some reactions the rate of the reaction is 
proportional to the concentration of the catalyst. For the acid and 
alkaline hydrolysis of an ester, the rate of reaction is proportional 
to the concentration of H* or OH™ ions. 

H + 


RCOOR’ (1) + H,O(2) ———> RCOOH(/) + R’ OH(/) 
OH™ 


In Friedel-Crafts reaction, anhydrous aluminium chloride is 
required in relatively large ; amount to the extent of 30% of the 
mass of benzene. 

CsH, (J) +‘ CH “Cl a, C,H,C,H; (2) + HCI) 

It is also observed that in certain heterogeneous reactions, the 
rate of reaction increases ‘with the increase of area of the catalytic 
surface. 

(iii) The catalyst.: cannot initiate the reaction: The 
function of a catalyst:1s.to alter the speed of the reaction rather 
than to start it. The reaétion in presence-of a positive catalyst 
adopts some alternative path which requires less amount of 
activation energy. ; 
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However, there are certain instances where it 1s observed that 
the reaction cannot be started in absence of a catalyst. For 
example, there is no reaction between H, and O, at room 
temperature but the reaction occurs very readily in PESSEnES of 
platinum black. 


R 
2H, (g)+ O2(g) ene 5 No reaction 


Pt black 
2H; (g)+ O2(g)———> 2H, O(g) 
Similarly, combination of dry chlorine with dry hydrogen is 
not possible unless water vapours are added. Water vapours 


which act as a catalyst might cas thought to start the reaction. 
vapour 


H,(g)+Cl, ees 2HC\(g) 


The concept is still disputed. 
(iv) The catalyst is generally specific in nature: A 


Enzymes have also specific action. However, transition metals 
like Fe, Co, Ni, Pt, Pd, etc., can catalyse reactions of various types. 

(v) The catalyst cannot change the position of 
equilibrium: In the case of reversible reactions, the 
concentrations of the products and reactants cannot be affected 
by the catalyst if the equilibrium has been established. However, 
the use of a catalyst can help to achieve the equilibrium state in 
lesser time as forward and backward reactions are influenced to 
the same extent by the catalyst. 

Let us consider a reversible reaction, 

A+ BC == AB+C 


(Forward) A+ BC + AB+C 


In presence of catalyst 


—— 
‘eae 
ca 


s-fails- 


we in absence of catalyst 


to catalyse the other reactions. Diffe 


» 


» 


reactants may form different products. Manganese dioxide which 
acts as a catalyst for the decomposition of potassium chlorate 
fails to catalyse the decomposition of potassium perchlorate. 
Ethanol yields ethene when passed over alumina but in presence 


of hot copper, pectaldeny de.) is formed. 
ine ss yp ecaor na gs ie ALOy— nina elie sinc rns Een yinalinte iim iteem nas Te muagline ss 


soon (aa Hy (g ) +H, O(g ) (Dehydration) — 
C,H;OH)— ,, 
Bam CH,CHO(g )+ H, (g) (Dehydrogenation) 

Similarly, in the case of formic acid, different products are 
formed using Cu or ae 20; as catalysts. 


Rekioee co, (g)+ H,(¢) (Dehydrogenation) 
HCOOH(/) = aio, 
i—— > CO(g)+ H,O(g) (Dehydration) 


Carbon monoxide and hydrogen combine to form CH,, 
CH,OH, HCHO depending on ve nature of the catalyst used. 


CO(g) + 3H, (g) CH, (g)+"H,O 
ZnO + CrO3 
CO(g)+2H, ———> CH, OH 


CO(g) + Hy(g)— HCHO 


Sometimes catalyst may alter the reaction product: 


CH, CH,Cl 


Sunlight 
+ Cl, ——~ + HCl 


Benzyl chloride 


CH, CH; 
CH, ro ae 
i) 
+Cl, — + + 2HCI 
dark 
ci. 


(Ortho and Para chlorotoluenc) 
i 
| 


e\3 
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f 
é 
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at 
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Rate of reac’ 
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1 
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1 
1 
t 
t 
i 
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' 
t 
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{ 


“VY (Backward) AB + C > A+BC 


| 
I 


Time —~> - 
Fig. 13.9 Equilibrium state and catalyst 


(vi) Catalytic promoters: Substances which themselves 


are not catalysts, but when mixed in small quantities with the 


catalysts increase their efficiency, are called as promoters or 
activators. Some examples of the promoters are given below: 
(a) In the Haber process for the synthesis of ammonia, traces 
of molybdenum increase the activity of finely divided 
iron which acts as a catalyst. Oxides of aluminium and 
thorium are also used as promoter in this reaction. 


(b) In the manufacture of methyl alcohol from water gas~ 


(CO+H,), chromic oxide (Cr,O,) is used as a promoter 
with the catalyst zinc oxide (ZnO). 


Activated reactants 
(uncatalysed) 


Pad 

> 

oO 

c 

oD 

cs) 

5 

5 Activated reactants 

a (catalysed) 

y 

2 Products 

ra) 

wa 

a7 
Time —» 
Fig. 13.10 
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(c) In the hydrogenation of oils, the activity of the catalyst 
nickel increases on adding small amount of copper and 
tellurium. 

(vii) Catalytic poisons: Substances which destroy the 
activity of the catalyst by their presence are known as catalytic 
poisons. Some of the examples are: 

(a) The presence of traces of arsenious oxide (As,O;) in the 

reacting gases reduces the activity of platinized asbestos 
which is used as catalyst in contact process for the 
manufacture of sulphuric acid. 

(b) The activity of iron catalyst is destroyed by the presence 

. of HS or CO in the synthesis of ammonia by Haber 
process. 

(c) The platinum catalyst used in the oxidation of hydrogen 

is poisoned by co. 


is probably due to the preferential. 
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Minimum kinetic energy 
for catalysed reaction 


Minimum kinetic 
energy 


Fraction of molecules 
with a given 
kinetic energy 


Kinetic energy ———> 


~E,/RT erEa/ RT k . | Reaction 
De- 2 Fy. increases rate 
creases creases | _|!"oreases| "increases increases 


Fig. 13.11 (b) ‘Lowering of energy barrier by the catalyst 


} 


Es 


adsorption of. poison on the surface of the catalyst, thus reducing 
the.space available for the adsorption of reacting molecules. 
(viii) Change of temperature alters the rate of catalytic 
reaction as it does for the same reaction in absence of a 
catalyst: By increasing the temperature, there is an increase in 
the catalytic power of a catalyst but after a certain temperature its 


~ power begins to decrease. A catalyst~has, thus,~a~particular~---~- 


temperature at which its catalytic activity is maximum. This 
temperature is termed as optimum temperature. 

However, in the case of colloidal solutions acting as catalysts, 
the catalytic activity decreases by the rise of temperature as it 
may cause coagulation of the colloidal solution. 

(ix) A positive catalyst lowers the activation 
energy: According to collision theory, a reaction occurs on 
account of effective collisions between the reacting molecules. 
For effective collision, it is necessary that the molecules must 


possess a minimum amount of energy known as activation energy | 


(E,). Under this condition, molecules after collision form an 
activated complex which dissociates to yield ine _product 
molecules. 


Uncatalysed 
compiex 


barrier / Cataiysed 
’ complex 


ae ee 
E, 


Initial 
state 


Ep. 
: Reactants - AG° of 
; (A+ B} reaction 
By been ee ee eS 
2 “Final state Products (C + D) 


’ Chemical potential energy ————> 


Reaction sequence ————> 


Fig. 13.11 (a) 


The-catalyst provides-a-new-pathway-invelving lower amount 
of activation energy. Thus, larger number of effective collisions 
occur in the presence of a catalyst in comparison to effective 
collisions at the same temperature in absence of a catalyst. 
Hence, the presence of a catalyst makes the reaction to go faster. 
Fig. 13.11 (a) shows that activation energy, FE, ,in absence of a 


catalyst i is higher than the activation energy, E; “if presence of a 
catalyst. Ep and Ep represent the average energies of reactants 
and products. The difference gives the value of AG, i.e., 
'AG=Ep -Ep 


13.13 THEORIES OF CATALYSIS 


It is not possible to give a uniform explanation of the mechanism 


' ofthe phenomenon of catalysis as catalytic reactions are of varied 


nature, However, two broad theories of catalytic action have been 
proposed. First theory known as intermediate compound 
formation theory explains successfully the homogeneous 
catalysis while second theory termed as adsorption theory 
explains the heterogeneous catalysis. e. 

1. Intermediate compound formation theery: This 
theory was proposed by Clement and Desormes in 1806. 

According to this theory, the catalyst first forms an 
intermediate compound with one of the reactants. The 
intermediate compound is formed with less energy 
consumption than needed for the actual reaction. The 
intermediate compound being unstable combines with other 
reactant to form the desired product and the catalyst is 
regenerated. 

For example, a reaction of the type 


K 
A+B= AB 
which occurs in presence of a catalyst K, may take place as, 
A+ K = AK (Slow reaction) 
Catalyst Intermediate 
compound 


AK+B= AB + K_ (Fast reaction) 


Product Catalyst 


Rate = K‘[A][K catalyst] 


ADSORPTION AND CATALYSIS . - | 877 


Many catalytic reactions can be explained on the basis of this 
theory: 


(i) The catalytic Sadun of sulphur dioxide to sulphur 
trioxide in the lead chamber process probably takes place as: 


2NO +0, —> 2NO, 


Catalyst Intermediate product 


NO, + SO, —~ SO; + NO 
Product Catalyst 


(ii) The catalytic action of manganese dioxide on the 
decomposition of KC1O,, was proposed by McLeod. The reaction 
probably takes place as follows: 


2MnO, + 2KCIO, ——> 2KMnO, + Cl, + 0, 
2KMnO, —> K,MnO, + MnO, +0, 


— . pdt . 
 W +8,05 1, + 2807 
The catalytic action can be explained as,” 
2Fe** + Ae cr 2Fe** +1, 


‘2Fe** + $07 —> 2Fe** +2807 


2. Adsorption theory: This theory explains the mechanism 
of heterogeneous catalysis. The old point of view was that when a 
catalyst is in solid state and the reactants are in gaseous state or in 
solutions, the molecules of the reactants are adsorbed on the 
surface of the catalyst. The increased concentration of the reactants 

_’ on the surface influences the rate of reaction Caw of mass action). 

Adsorption being an exothermic process, the heat of adsorption is 
taken up by the surface of the catalyst which is utilised in 
enhancing the chemical activity of the reacting molecules. The 


» 


view does not explain the specificity of a catalyst. 


rare) +[2MnO,}—> 2KCI +30, +[2Mn0, } 


The reaction accounts for the fact that oxygen given out is 
often contaminated with a little of chlorine. 

(iii) The formation of methyl benzene (toluene) Soni benzene 
and methyl chloride.in presence of..a catalyst anhydrous 
aluminium chloride can be explained in the following way: 


AICI, + CHCl —>(CH,)*(AICI4)~ 


Catalyst a Intermediate compound’ 
C,H, + (CH, )* (AICL, )) —> C,H5CH; + HCI+ AICI; 
— ae, oe _ Catalyst. 


(iv) The formation of diethyl ether from ethyl alcohol using 
sulphuric acid as a catalyst can be explained as: 


C,H;OH+H,SO,—> C,H;HSO, 


Catalyst Intermediate compound 


C,H;HSO, + HOC,H, ——> C,H,O0C,H, +H,SO, 


Product Catalyst 


(v) The decomposition of acetaldehyde which occurs as 
follows, 


I 
CH,CHO —> CH, + CO 
can be explained as shown below: 
CH,CHO+ I, —»> CH,I +HI+CO 


Catalyst Intermediate 


CHI + HI —- CH, +1, 
CH,CHO——> CH, + CO 


This theory explains why a catalyst remains unchanged in 


mass and chemical composition at the end of the reaction and is 
effective even in small quantities. The scope of this theory is, 
however, limited as the formation of intermediate compound is 
possible in the case of homogeneous catalysis only. It also fails to 
explain the action of catalytic promoters, catalytic poisons and 
action of finely divided catalysts. 

(vi) Variable oxidation state of transition metals makes them 
efiicient catalysts. For example, Fe** catalyses the reaction 
between iodide and persulphate ions. 


Adsorption is broadly of two types: physical and chemical. 
The chemical adsorption is specific and involves chemical 
combination on the surface of the catalyst. The modern 
adsorption theory is the combination of intermediate compound 
formation theory and the old adsorption theory. The catalytic . 
activity is localised on the surface. of the catalyst. The mechanism... 
involves five steps: 

(i) Diffusion of reactants to the surface of the catalyst. 

(ii) Some-fornr of association between the catalyst surface and _ 

the reactants occurs. This is assumed to be adsorption. 


| a oe oe 


“4 
-O—O—A = —O—O—O—A 


wt 
—O— 
ae i ee ee 
—()-~—( -—O—B —O-—-90-0— 
=| | ; Reacting : | | | 
molecules 
Catalyst surface having ; | Adsorption of 
free valencies : reacting molecules | 
Pile he, ~ oelbeth le —_ 
—O-—0-—-0— ——-O-O—O—A ; 
sta Bs sence = li ile 
B 


cee Oo eae Oo— Oo— Product some o— —O Same 
Bi she ea tl 
Catalyst = Activated complex 


Fig. 13.12 Adsorption of reacting molecules, formation of — 
. activated complex and adsorption of products . 


~_ (iii) Occurrence of chemical reaction on the catalyst surface. 
~ (iv) Desorption of reaction products away from the catalyst _ 
- surface. 
®) Diffusion: of reaction products away from the catalyst 
surface. 
The catalyst surface is a seat of chemical forces of attrackion. ; 
- There are free valencies on the surface of a catalyst. When 4 ae ; 
-comes in contact with such-a surface, its molecules are- held 
there due to loose chemical combination. If different aie 
are adsorbed side by side, they may react and new molecules so 
formed may evaporate leaving the way for the fresh reactant 
molecules (Fig. 13.12). 
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In case, free valencies are responsible for the catalytic activity, 
it follows that with the increase of these valencies on the surface 
of a catalyst, the catalytic activity will be greatly enhanced. The 
free valencies can be increased in the following two ways: 

(a) Sub-division of the catalyst, 

(b) Rough surface of the catalyst. . 

(a) Sub-division of the catalyst: The number of free 
valencies increases on disintegration. Finely powdered or 
colloidal catalyst particles having large surface area are very rich 
in free valencies. 

Actually, it is observed that finely divided nickel and colloidal 
platinum act as efficient catalysts. 

(b) Rough surface of the catalyst: There are a number of 


active spots in the form of edges, corners, cracks-and peaks on a» 


rough surface. They give rise to an increase in number of free 


* 


(vi) It adequately explains the poisoning of catalysts. The 
poisons are preferentially adsorbed at the active centres of the 
catalyst. This effect reduces the free valencies for the reacting 
molecules and, thus, the catalytic activity decreases. 

(vii) Promoters are responsible for increasing the roughness 
of the surface of a catayst. This effect increases the free 
valencies for the reacting molecules and, thus, the catalytic 
activity of the catalyst is increased. 


Activity and Selectivity of Heterogeneous Catalysis 


Activity is ‘the ability of a catalyst to accelerate chemical 
reactions. In certain cases the activity can be as high as 10’ i.e., 
the catalysed reaction is 10'° times faster than the uncatalysed 
reaction. 


H,(g) + Oo(g) ——> No reaction 


valencies, These active spots enhance the adsorption and thereby 


* 


increase the Catalytic efficiency of the Catalyst. 
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Fig. 13.13 Increase in number of free valencies 


The adsorption theory explains the pao: facts of 
heterogeneous catalysis: 

(i) The surface of the catalyst is used again and again due to 
alternate adsorption and desorption. Thus, a small quantity of a 
catalyst can catalyse large amounts of reactants. 

(ii) Chemical adsorption depends on the nature of the 
adsorbent and adsorbate. Hence, catalysts are specific in action. 


Peak Peak 
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4 


~-= Ni =~ Ni--: Ni---- Ni--- Ni--- Ni- 
eee ee 


ney os 
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Fig. 13.14 

(iii) Desorption leaves the catalytic surface unchanged. Thus, 
the catalyst at the énd of reaction remains same in mass and 
composition. 

(iv) The energy of adsorption compensates the activation 
energy of the reacting molecules to some extent. Thus, the 
reactions occur at faster rate. A 

(v) Greater efficiency of the catalyst in finely divided state 
and rough surface. 


Pt 
2H,(g) + O2(g) aera 2H, O(g) 


Selectivity of a catalyst is its ability to direct the reaction in such a 
way as to yield particular products excluding others, e.¢., 
CH, 


nie 
(i) CH; — (CH, ); —CH, —> 


n-Heptane 


“+ Hy(g) 


n-Heptane is catalysed by Pt to toluene. 


(ii) Propylene and oxygen selectively give acrolein over 

bismuth molybdate as catalyst. 
Bismuth molybdate 
CH, ;—-CH= CH, + O, on Oe ==CH— CHO 
BiMoO, Acrolein 
+H,0O 

(iii) Acetylene on hydrogenation in presence of Pt or Ni or Pd 

catalyst gives ethane. 


H—C=C—H-+2H,(g)""S cH, — CH, 


Ethane 
Hydrogenation of acetylene in presence of Lindlar’s catalyst 
gives ethylene. 


Pd -BaSO4 

H—C=C—H +H, ———> CH, = CH; 
Sulphur or Ethylene 
quinoline 


13.14 ACID-BASE CATALYSIS 


Generally, homogeneous catalysis in solution is brought about by 
acids and bases. On the basis of studies done by Arrhenius and 


’ Ostwald in the hydrolysis of esters and nitrites, it was established 


that in acid-base catalysis, it is the hydrogen ion or hydroxyl ion 


which acts as catalyst. 


Examples of acid-base catalysis: 
(i) Hydrolysis of an ester: 
H* or 


ol 
CH, COOC>H,(/) + H,O() —> CH, COOH(/) + C,H,OH() 
OH™ 


(ii) Inversion of cane sugar: 


+ 


H 
Ci Hy90,; (J) + Hy OU) ——> Cg H,70¢ (J) + CoH 0, () 
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(iii) Conversion of acetone into diacetone alcohol: 


OH” 
CH, COCH, (/) + CH, COCH; (1) ——> 


CH;COCH, -C(CH,;), OH() 
(iv) Decomposition of nitramide: 


NH, -NO, (/) "> N, O(¢) + H,O(/) 
The recent work has shown that all substances which have a 


tendency to lose or to gain protons can show catalytic activity, 
i.e, all Bronsted acids and bases act as acid-base catalysts. 


Mechanism of Acid-Base Catalysis 


(a) In acid catalysis, the proton given by Bronsted acid forms 
an intermediate complex: with the reactant which then reacts to 
give back the proton (H * ). For example, the hydrolysis of ester 


13.15 ENZYME CATALYSIS 


Enzymes are complex nitrogenous organic compounds which are 
produced by living plants and animals. Enzymes are actually high 
molecular mass protein molecules. Enzymes form colloidal 
solutions in water and are very effective catalysts. They catalyse 
numerous reactions, especially those connected with natural 
processes. Numerous reactions occur in the bodies of animals and 
plants to maintain the life process. These reactions are catalysed 
by enzymes. The enzymes are thus termed as biochemical 


catalysts and the phenomenon is known as biochemical 


catalysis. 

Many enzymes have been obtained in pure crystalline state 
from living cells. However, the first enzyme was synthesised in 
the laboratory in 1969. The following are some of the examples 
of enzyme catalysis: 


occurs Benen anes 
OH 


{i) Inversion _of _cane—sugar: The invertase—enzyme 


* 


CH, —C—OC,H, +H* —> CH; —C—00,H, 


CH, aces —>CH,C +C,H,OH+H* 


raaN “on 
H 


The mechanism of keto-enol tautomerism of acetone is: 


O OH* 
| fe | 
CH, —C—CH, ——> CH, —C-- CH, 
Keto form Intermediate 
complex 
x OH 


| 

— CH, —C =CH, +H* 
Enol form 

(b) In base catalysed hydrolysis, the OH~ ion or any 
Bronsted base accepts a proton from the reactant to form an 
intermediate complex which then reacts or decomposes to 
regenerate the OH ~ or Bronsted base. In presence of OH ~ ions, 

the decomposition of nitroamine can be shown as: 


NH,NO, + OH” —-> NHNO; + H,O 
N,0+ OH” 
or in presence of CH,;COO ions, 
NH,NO, +CH,COO” —+ NHNO, +CH,COOH 


| 


N,O+OH™ 
OH” +CH;COOH —> CH,COO™ + H,0 


converts cahe sugar into glucose and fructose. 
Cia F220) (0) + H,0() "5 CoH, 0¢ (I) + CoH 06 (1) 


Cane sugar Glucose Fructose 


(ii) Conversion of gluc:. ito ethyl alcohol: ©The zymase 


enzyme converts. dea sceg ethyl alcohol-and-carbon- dioxide———€J€_- 


CoHy30, (2) za 2C,H;OH(/) + 2CO, (g) 
Glucose ; Ethyl alcohol 
(iii) Conversion of starch into maltose: The diastase 
enzyme converts starch into maltose. 
Diastase 
2(C,Hj9Os ), (+ nH, O(1) ———> nC,H,,0,, (1) 
“Starch Maitose 
(iv) Conversion of maltose into glucose: The maltase 
enzyme converts maltose into glucose. 


C\pHy, 0), (2) + HO) 5 26, 0 (1) 
Maltose Glucose 
(v) Decomposition of urea into ammonia and carbon 
dioxide: The enzyme urease eras this decomposition. 


NH, CONH, (1) + H,O(/) a 2NH; (g)+ CO, (/) 

(vi) in stomach, the pepsin enzyme converts proteins into 
peptides while in intestine, the pancreas trypsin converts proteins 
into amino acids by hydrolysis. . 

(vii) Conversion of ethyl alcohol into acetic acid: The 
Mycoderma aceti enzyme converts dilute solutions of alcohol 
into acetic acid and water. : 


Mycoderma aceti 


C,H, OH(1) + 0, (g)- CH; COOH(/) + H,0(/) 


(viii) Conversion of milk into curd: It is an enzymatic 
reaction brought about by lactic bacilli enzyme present in curds. 


(ix) The enzyme fumerase catalyses the hydration process of 


fumerate i ion. 


. H H- 
HY COOT Fumerase . | | 
men +H,0—>— OOC-—C— C— COO™ 
“OOC H | | 
Fumerate ion OH OH 


L-malate ion 


880 | ; 


This reaction shows selectivity of enzymes because fumerase 
enzyme is unable to catalyse ‘Cis’ isomer, i.e., malate ion. 

(x) In our body, the enzyme carbonic anhydrase catalyses 
the following reaction: 


CO, (ag.) + H,O() == H" (aq.)+ 1003 (aq.) 


Forward process takes place when CO, goes to tissues from 
blood, whereas backward process takes place when CO, gas is 
released from the blood to the lungs. 


Carbonic anhydrase has very high efficiency, one molecule of 
it catalyses 10° substrate molecules. 
(xi) Lysozyme is found in the tear of our eyes. It protects our 


eyes from bacteria. It breaks down the cell wall of bacteria and 
then it ruptures due to endo-osmosis. 


(xii)_- Nitrogenase enzyme is found in the bacteria of the root 
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(ii) High specific nature: Each enzyme is specific for a 
given reaction, i.¢, one catalyst cannot catalyse more than one 
reaction. For example, the. enzyme urease catalyses the 
hydrolysis of urea only. It does not catalyse any other amide, not 
even methyl urea. 


(iii) Temperature dependence: The rate of an enzyme 


reaction depends on the temperature. The enzyme. activity rises 


rapidly with temperature and becomes maximum at a definite 
temperaturé, called the optimum temperature. Beyond the 
optimum temperature, the enzyme activity decreases and 
ultimately becomes zero. The enzy:ne activity is destroyed at 
about 70°C. The optimum temperature of enzyme reactions 
occurring in the human body is 37°C. At higher temperatures 
(fever), the enzyme activity becomes less. The favourable 
temperature range for enzymatic activity 1s 25-37°C. 


fiv) pH_dependence: The _rate_of an _enzyme-catalysed 


at 


SURE ET a RENE ROTA RATAN LABS 


~ the ao fixation, 7.e., conversion of Nz from atmosphere to 
thé NH, in the soil. 


Table 13.1 gives the ce of some important enzymatic 
reactions: 


Sucrose -——> Glucose and fructose 


1. Inverfase Yeast 
2. Zymase Yeast . Glucose ——~ Ethyl alcohol and 
; ; carbon dioxide 
3. Diastase .. Malt © Starch ——> Maltose 
4. Maltase _ Yeast Maltose ——> Glucose 
5. Urease Soyabean Urea ——» Ammonia and - 
carbon dioxide 
6. Pepsin _ Stomach — Proteins > Amino acids 
7. Trypsin Intestine Proteins ——> Amino dcids 
8. Amylase Saliva ‘Starch ——> Glucose 
9. Lactic bacilli Curd Fermentation of milk 
10. Mycoderma Vinegar _Ethyl alcohol ——> Acetic acid’ 
aceti ; 
11. Lipase Castor seed Fat ——> Glycerol 
12... Ptylin Saliva "Starch —> Sugar 


Characteristics of Enzyme Catalysis 


Enzyme catalysis is intermediate between homogeneous and _. 


heterogeneous catalysis. In general, it is similar to inorganic 
‘heterogeneous catalysis and sometimes it is called 
microheterogeneous . catalysis. However, it is unique in its 
efficiency and high degree of specificity. The following 
characteristics are exhibited by enzyme catalysts: 

(i) Most .efficient catalysts: The enzyme-catalysed 
reactions are very fast in comparison to the reactions catalysed by 
inorganic substances. This is due to the fact that activation energy 
of a reaction in presence-of an enzyme is low. One molecule of an 
enzyme may Hansiorys one million molecules of the reactant per 
minute. 


reaction’ varies. with pH_of the system. The enzyme activity is 
maximum at a particular pH called optimum pH. The optimum 
pH of enzyme reactions occurring in human body is 7.4. The 
favourable pH range for enzymatic reactions is 5—7. 

Activity of enzyme decreases above and below the optimum 


_ pH. Effect of pH on enzymatic rate may reflect denaturation. 


(Fumarase enzyme) 


Rate} 


5. 6 . 8 9 10 


pH -_-_-> 


Fig. 13.15 


(v) No effect on equilibrium state: Like ordinary 
catalysts, enzymes cannot disturb the final state of equilibrium of 


_areversible reaction. . 


(vi) Colloidal nature: Enzymes form colloidal solutions in 
water. Their efficiency is retarded in presence of large quantities 
of electrolytes. Enzymes are destroyed by ultraviolet rays. 

(vii) Activators or coenzymes: The enzymatic activity is 
increased in the presence of certain substances, known as 
coenzymes. It has been observed that when a small non-protein 


Enzyme + Activator 


Enzyme Alone 


—— Time ———> 


Fig. 13.16 Effect of activators on the rate of enzyme catalysis 
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(vitamin) is present along with an enzyme, the catalytic activity is 
enhanced considerably. ett 

Activators are generally metal ions such as Na* , Mn 2 Co ae 
Cu**, etc. These metal ions, when weakly bonded to enzyme 
molecules, increase their catalytic activity. Amylase in presence 
of sodium chloride, i.e., Na” -ions are’ catalytically very activé.’ 

(viii) Inhibitors and poisons: Like ordinary catalysts, 
enzymes. are also inhibited or poisoned by the presence of certain 
substances. The inhibitors or poisons interact with the active 
functional groups on the enzyme surface and often reduce or 
completely destroy the catalytic activity of the enzymes. 

The use of many drugs is related to their action as enzyme 
inhibitors in the body. 


Step 3. peremaponiton of EP into produets and ‘enzyme 
again, EP—~P+E, 


_ This mechanism accounts for the high specificity ofenzymatic + | 


, reactions. 


The rate‘of enzyme satya reaction is given by: 
Ka[EI[S] 
K, +[S] 


K , = Michaelis~ Menten constant 


Tate =k,[ES]= ...(i) (Michaelis-Menten equation) 


[S ]= Concentration of substrate 
{[E]= Concentration of enzyme 


i Case 1. When, [S$] >>> K,,, then K,, can be neglected. 


tt 


Reaction) — 


Enzyme + inhibitor - 


Time ——+ 


’ Fig. 13.17 Effect of inhibitor on the rate of enzyme catalysis 


Mechanism of enzyme catalysis: There are a number of 
cavities present on the surface of colloidal particles of enzymes. 
These cavities are of characteristic shape and possess active 
groups such.as —NH,, —COOH, —SH, —OH, etc. These are 


actually the active centres on the surface of enzyme particles. The - 


molecules of the reactant (substrate), which have complementary 
shape, fit into these cavities just like a key fits into a lock. On 
account of the presence of active groups, an activated complex is 
formed which then decomposes to yield the products. 


E + § == E-Scomplex —-» £ + P 


Active site 


_—_— + 
Enzyme ‘Substrate Enzyme-substrate Enzyme Products 
(catalyst) (reactants) complex : 
Fig. 13.18 . 


Michaelis and Menten suggested the following mechanism for 
enzyme catalysis: 
Step 1. Binding of enzyme to substrate to form an activated 


complex, 


E+S == ES 
kay 


Sree 2. Product formation in the activated complex, 


ES = yep 


“. Rate = k7[E] and the reaction belongs to first order. The 


aS; 7 
Fax = k2{E] “Gi s 
Dividing eq, (i) by (ii) 
| en) 
Stones Spee ee = 


when, K,, =[S],r= : nan 
Case IL. When, [S ]<<< K,,, then reaction will be of second 
order. 4 


Rate = a [EIS] (Second order rate law) 


m 


Enzyme kinetics may be graphically represented as : 


Time —>» . Time—+» 


ERIN ALE 


Time——» Time——> 
Fig. 13.19 Variation with time in enzyme catalysis 
Competitive Enzyme Kinetics 


Enzyme X and enzyme Y calalyss the same reaction aid 
exhibit vg (rate) versus [S] curves shown ahead : 


GR. 


— 


Fig. 13.20 


eee 


Table 13.2 Some Industrial Cata 
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At low substrate concentration, enzyme Y will be more 
efficient because activation energy will be low, in the presence of 
enzyme (Y). At high substrate concentration, enzyme X will be 
more efficient. 


13.16: CATALYSTS IN INDUSTRY 


Some of the important technical catalytic processes are listed in 
table 13.2 as to give an ‘dea about the utility of catalysts in 
industries. 


lytic Processes 


Se 
Process 


Hyak za 


: 13. 


. . Haber’s process for the manufacture of ammonia. 


2. 


10.. 


' (a) Sfarch Dest, Maltose 


11. 


12. 


N2(g) + 3H,(g) == 2NH;(g) 
Ostwald’s process for the manufacture of nitric acid. 
4NH,,(g) + 50,(¢) —> 4NO(g) + 6H,O(g) 
2NO(g) + 02(g) ——> 2NO,(g) 


~ 4NO,(g) + 2H,0(/) + O,(g) —3 4HNOA(1T) 


3. Lead chamber process for the manufacture of sulphuric acid. 


2S80,(g) + O7(g) == 280,(g) 
SO,(g) + H,O(/) —> H,S0,()) 


Contact process for the manufacture of sulphuric acid. 
280,(g) + On(g) === 2503(g) 


$O,(g) + H,SO,() —> H,S,0,(/) 
: Oleum 
H,S,0,(/) + H,O(/) —> 2H,SO,(!) 
Deacon process for the manufacture of chlorine. 
4HClI(g) + O2(g) —> 2H, O(/) + 2Cl,(g) 


Bosch process for the manufacture of hydrogen. 
CO + H, + H,O() —> CO,(g) + 2H,(g) 
ye 
Water gas 


Synthesis of methanol. 
CO(g) + 2H,(g) —» CH,OH() 


Hydrogenation of vegetable oils. 
Oil(/) + H.(g) —> Vanaspati ghee(s) 


Manufacture of ethyl alcohol by fermentation of molasses — 
(sugar solution). 


Invertase 
CyQH 01, (2) + HOD) ——> CoH 1206 ()) + CoH 1205 (/) 


Zymase : F 
CH 20,9) —_—_—eooo> 2C,H ,OH() + 2CO,(g) 
Manufacture of ethyl alcohol from starch. 


; Mat Zz 
(b) Maltose > Glucose > Alcohol 


Manufacture of acetic acid from ethyl alcohol. 
C,H,OH() + O2(g) —> CH,COOH(/)+ H,0(/) 
Bergius process for the synthesis of petrol from coal. 
Coal + H,(g) —— Mix. of hydrocarbons 
Polymerisation of ethene to polythene. 
nCH,=CH, —~ --CH, — CH,-4; 

Ethene. Polythene 


Finely divided iron. Molybdenum as promoter. Conditions: 200 
atmospheric pressure and 450-500°C temperature. 
Platinised asbestos 

Temperature 300°C. 


Nitric oxide. 


Platinised asbestos or vanadium pentoxide (V,0, ). 
Temperature 400 — 450°C. 


Cupric chloride (CuCl, ). 
Temperature 500°C. 


Ferric oxide (Fe,O;) + chromic oxide as a promoter. 
Temperature 400-600°C. 


Zine oxide (ZnO) + chromic oxide as a promoter. 
Pressure 200 atmospheres and temperature 250°C 
Nickel (finely divided). 

Temperature 150 —200°C. High pressure 
Invertase enzyme and zymase (yeast) enzyme 
Temperature 25-30°C. 

Conversion occurs in 2 or 3 days. 


Germinated barley (diastase enzyme) 
Temperature 50 — 60°C. 

Yeast (maltase and zymase enzymes). 
Temperature 25-30°C. 


Mycoderma aceti. 
Temperature 25—-30°C. 


Ferric oxide (Fe,O,) Temperature 475°C. Pressure 200 atmosphere. 


TiC1, and Al R, (Ziegler Natta Catalyst) 
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13.17, ZEOLITES 


Zeolites are naturally occurring or synthetic microporous 
aluminosilicates of general formula: 


My, [(AlO,),(Si0,), Jm-H,O 
where, M = Na* ,K* or Ca** like metals 


n= valency of metal cation 

m= molecules of water of crystallization 

Zeolite may be considered as 
open structure of silica in which 
trivalent aluminium has been 
substituted in a fraction x/(x + y) 
of tetravalent sites occupied by 
silicon atoms. Since. a substitution 
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hydrocarbons in the mixtures of hydrocarbons obtained from two 
different alcohols, i. e.,CH;OH (methyl alcohol) and »C,H,;0OH 
(n-hepty] alcohol). 


Starting with 
“~. |. CH,OH (%) 


Methane 


Starting with C,H,,OH 
(%) 


fee 1.0 . 
Ethane SS DG 0.3 
Isobutane , 18.7 19.3 
n-butane 5.6 11.0 
Iso-pentane 78 8.7 
Benzene : 1.7 3:4 
Toluene 10.5 14.3 
. Xylene 


of an atom of silicon by aluminium 


Persorption : itt isa a type of sorption, introduced by 


generates one negative charge on 
the aluminosilicate frame work, 
substitution of x atoms generates x 
negative . charge on, __ the 
aluminosilicate framework. This charge is neutralised by the 


Truncated octahedron, 


exchangeable cations 44_of valency-n.-The-void-spaces-which can-—- 


be greater than 50% of the volume are occupied by ‘m’ molecules 


‘of water in the unit cell. Zeolite is derived from the Greek 


language which means ‘boiling stone’ because the water trapped 
in void spaces boils off when the naturally occurring zeolite stone 
is heated. Building block of zeolite is truncated octahedron 
(Cubo-octahedron). This structure is called B-cage or sodalite 
cage. 

Stoichiometric formulae of some well known zeolites are: 

(i) Faujasite (natural) Nas¢[(AlO2)56(SiO2), 35 1250H,O0 

(ii) Gemelinite Na,Ca(AlO,),(SiO,), -6H,O 

(iii) Zeolite sieve of molecular porosity-5 (ZSM-5).__ 

H, [(AlO2) , (SiO, ) 9¢_,. 1: 16H,O 
(iv) Erionite Na,K,CaMg(Al0, ).(SiO2)2.6H,O 


Shape selectivity of zeolite: Zeolite is the most widely 


studied shape selective catalyst. Shape selectivity of zeolite ’ 


depends upon pore structure of the catalyst, pore size generally 
varies between 260 pm to 740 pm. Such catalysts are’ highly 
specific, it is because molecules of only a particular size and 
shape can enter these pores and get adsorbed. Shape selectivity of 


’ ZSM-S in the conversion of alcohols into hydrocarbons are given 


in following table. The table gives the percentage of different 


McBain. 
H,0, CH,OH, C,H,OH are adsorbed in the internal cavity of 
zéolite or chabazite (CaAl, Si,0,. -6H,O). 

Phase transfer catalyst: Substrate dissolved in organic 
layer and an anionic reagent dissolved in the aqueous layer are 


_ brought together by a catalyst. The catalyst transports the anion 
into the organic. phase where reaction takes place with the 
substrate. 


Quaternary ammonium and phosphonium salts with their 


unique ability to dissolve in both aqueous and organic liquids are 


the most suitable phase transfer catalysts. 


13.18 AUTOMOBILE CATALYTIC CONVERTER 


Automobile exhaust systems are being designed with built in 
catalytic converters. This system cagtains two types of hetero- 
geneous catalyst, powdered noble metals and powdered transition 
_ metal oxides. They catalyze the oxidation of unburned hydrocarbon 


~ fuel and of partial combustion pian such as carbon. monoxide....- 


2CgHyg + 250,(g) so 16020 + 18H, O(g) 


Iso- “octane 
2CO(g) + 0,(g) — 2CO,(g) 


Y The same “catalysts a catalyze another reaction, the 
decomposition of nitrogen oxide NO, into harmless N, and Q,. 


Pr 
2NO(g) Wo? Nats) + Oa(g) 
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SUMMARY AND IMPORTANT POINTS TO REMEMBER a 


1, Adsorption: It is a “tendency of sencnilaton of 
molecular species at the surface’ of 4 solid or liquid. The 
molecular species which accumulates is termed adsorbate: and 
the material on whose surface adsorption has taken place is. called 
adsorbent. The process of removing an adsorbed substance oom 
the surface of the adsorbent is called desorption. 


2. Distinction between adsorption and absorption: In 


‘adsorption, the substance is concentrated only at the surface 


while in absorption, the substance is uniformly. distributed 
throughout the bulk of the adsorbent. In adsorption, the 
concentration of the adsorbate increases on the surface only 
while in absorption, the concentration is uniform throughout the 


6. Adsorption from solution phase: Solids can adsorb 


‘solutes from solutions also. Litmus solution becomes colourless 


when shaken with charcoal. Similarly, when a solution of acetic 
acid in water is shaken with charcoal, a part of the acid is 


"adsorbed by charcoal. In such cases, the following observations 


have been made: 


(i) The extent of adsorption ‘decreases with the rise a 
temperature. 


(ii) The extent of adsorption increases with the surface area of 
the adsorbent. 


(iii). The extent of adsorption depends upon the concentration 


bulk of adsorbent. Both adsorption and absorption take place 


& 


simultaneously and the process is termed sorption. However, 
adsorption is instantaneous while absorption is a slow process. 

3. Physical adsorption or physisorption: If the forces of 
attraction existing between adsorbate and adsorbent are van der 
Waals’ forces, a penta as is called physical sires Aalea or 


"readily ioe near ‘their critical temperatures. It is generally 
reversible. It occurs readily at low temperature and decreases 
with increasing temperature. The extent of adsorption increases 
with increase of surface area and increase of pressure. Heat of 
adsorption is quite low (20— 40 kI mol”! or about 5 kcal mol”). 


4. Chemisorption: If the forces of attraction between 
adsorbate particles and adsorbent are almost of the same strength 
as chemical bonds, the adsorption is termed chemisorption or 
Langmuir adsorption. This type of adsorption is highly specific 
and commonly irreversible in nature. It is slow at low 
temperature but increases with rise of temperature on account of 
high energy of activation. High pressure is favourable for 
chemisorption. Heat of adsorption is.high (40- 400 kJ mol! or 
10-100 kcal mol~'). It also increases with increase of surface 
area. 

5. Adsorption isotherms: The curve showing the 
variation of the amount of adsorbate at a particular temperature 
with pressure or concentration is termed adsorption isotherm. 

Freundlich adsorption isotherm: Freundlich, in 1909, 
gave an empirical relationship between the quantity of adsorbate 
adsorbed by unit mass of solid adsorbent and pressure. at a 
particular temperature. The relationship is expressed by the 
following equation: 

‘ : x = k . pi n 
m 
where, xis the mass of gas adsorbed, mis the mass of adsorbent, P 
‘is the pressure of gas and ki n are constants. Another form of 
equation is: 


log ~ = log k+= ~ log P / 


This is the equation i a straight line. The slope of the straight 


line gives the value of - and the intercept on the y-axis gives the 
n i 


value of log &. 


of the solute-in solution. 
= =kC tno 
mn 
=) x 
or log —=logk+— ~ log C 


adsorption are: 

(i) Production of high vacuum. 

(ii) Gas masks—-It is a device which consists of activated 
charcoal. This-is used to adsorb poisonous gases. — 


- (iii) Humidity control—Silica gel and aluminium gela are eused 
for this purpose. 


(iv) Removal of colouring matter from solutions—Animal 


charcoal is used for decolorising cane sugar. 


(v) Heterogeneous catalysis (vi) Separation of inert gases by 
coconut charcoal (vii) Softening of hard water 
(viii) De-ionising of water (ix) Cleaning agents (x) Froth 
floatation process (xi) Adsorption indicators 
(xii) Chromatographic analysis (xiii) In medicines. = 

8. Catalysis: Substances which alter the velocity of a 
reaction by mere presence, without undergoing any change in 
mass and composition, are termed catalysts and the phenomenon 
is known as catalysis. Catalytic reactions are broadly divided into 
two groups: (i). Homogeneous catalysis (ii) Heterogeneous 
catalysis. When the reactants and catalyst are in the same phase, 
the catalysis is said to be homogeneous catalysis. 


NO 
Examples: 2SO, (g) + 0, (g)—» 280; (g) 


: HC 
CH, COOCH, (/) + H,O(!) > CH, COOH(/) + CH, OH() 


® 
CygH yO, (0) + H,O(0) > CH 0g (0) + CeHy20¢ (0) 


(ii) Those catalytic reactions in which the physical state of 
reactants is different from the catalysts are termed heterogeneous 
catalysis. 


Examples: 2S0,(g)+ 0, (¢)—~> 280, (z) 
Fe(s) 
N, (g) + 3H (g) ——~ 2NH; (g) 


1 Applicaton adsrgin:— intent pls jf 
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4NH; (g)+ 50, (g) "+ anog)+ 61,0) 
Cu Clo) 
4HCi(g) + O2(g) ———> ang) 2Cl,(g) 

9. Types of catalysis: 

(i) Positive catalysis: When the rate of: reaction is 
accelerated by a foreign substance, it is said to be a positive 
catalyst and the phenomenon is positive catalysis. 

(ii) Negative catalysis:. The substance which when added 
to the reaction mixture, retards the reaction rate is termed 


negative catalyst and the phenomenon is known as negative — 


catalysis. 

(ii) Autocatalysis: In certain reactions, one of the products 
acts as a catalyst. In the initial stages the reaction is slow but as 
soon as the products come into existence, the reaction rate 
increases. 


{iv} ndueced_catalysis: aise oe Sains saree 


th Théories of catalysis: Two broad theories of catalytic 


action have been: proposed: 

(i) Intermediate compound formation theory: This was 
proposed by Clement and Desormes in 1806. According to this 
theory, the catalyst first forms an intermediate with one of the 
reactants, which being unstable combines with other reactants to 
form the desired product and the catalyst i is regenerated. 

At+K (catalyst) = AK (intermediate) 
AK +B=AB+K 

The scope of this theory is limited as the formation of 
intermediate is not possible in the case of many reactions. 

It also fails to explain the action of promoters and poisons. 

(ii) Adsorption theory: The catalytic activity is localised 
on the surface of a catalyst. The molecules of the reactants are 
adsorbed on the surface of the catalyst. The increase in 
concentration of the reactants on the surface increases the rate of 


reaction (law of mass action). There are free valencies on the 


rate_of_another-reaction, which does_not_occur under_ordinary — $e oop 
surface Which aré responsible for loose chemical combination of 


conditions, the phenomenon is known as induced catalysis. 

10. Characteristics of catalysis: The following are the 
characteristics which are common to most of the catalytic 
reactions: 


composition at the end of the reaction. 

(ii) A small quantity of the catalyst is generally sufficient to 
catalyse almost an unlimited reaction. 

(iii) A catalyst cannot initiate the reaction. 

(iv) The catalyst is generally specific in nature. 

(v) The catalyst cannot change the position of equilibrium 
in a reversible reaction. However, it can help to achieve 
the equilibrium state in lesser time. 


(vi) Substances which themselves are not catalysts but when _ 


mixed in small quantities with the catalysts enhance their 
efficiency are called as promoters or activators. 


(vii) Substances which destroy the activity of a catalyst by © 


their presence are known as catalytic poisons. 

(viii) A catalyst -has’a particular temperature at which its 
activity is maximum. This temperature is termed as optimum 
temperature. 

(ix) A positive catalyst lowers the activation energy and 
provides a new pathway involving lower amount of activation 
energy. 


__(i)_A catalyst remains unchanged in mass and chemical _ 


the reactants with the catalyst. If. different molecules are adsorbed 
‘side by side, they may react readily and new molecules are 
formed which evaporate leaving the way for the fresh reactant 


molecules. The free valencies can be increased in two ways: 


___.._-(a)-Sub:division.of.the-catalyst, 


(b) Rough surface of the catalyst. 

Adsorption theory is a better theory as it can explain a number 
of characteristics of the catalyst, especially a heterogeneous 
catalyst. 

12. Enzyme catalysis: Enzymes are complex nitrogenous 
organic compounds of high molecular masses produced by living 
plants and animals. Enzymes are protein molecules, form 
colloidal solutions in water and catalyse numerous reactions 
especially connected with natural processes. The enzymes are 
also termed as biochemical catalysts and the phenomenon is 
known as biochemical catalysis. 

The catalytic activity of enzymes is perhaps the greatest of all 
the catalysts. Their activity is also due to their capacity to lower 
the activation energy for a reaction. Each enzyme can catalyse a 
specific reaction. The enzyme reactions are sensitive to 
temperature and pH. Generally, the optimum temperature varies 
between 290-300 K and the favourable pH range is 5-7. 
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ok eat eh Q 2s stleee ita? gts re 
’ 1. Matrix Matching Problems (For IfF Aspirants): 
[A] Match the reactions of Column-I with the catalysts in [D] Match the List-I with List-II: 
Column-I: . Listel List-Il 
Column-I Column-II 
(Reaction) . (Catalyst) (a) Mo _ Ap Etomor 
2KCIO. oKCI 20 ALO. (b) Cu (q) Negative catalyst 
(a) 3(9) (9) 30:2)" @) ALO; (c) TEL | (t) Decomposition of hydrogen 
(c) 2H,0,() —> 2H,0() + O2(g) (1) _-V205 (d) Glycerine (s) Haber process 


(d) N,(g) + 3H,(g) —> 2NH;,(g) {s) MnO, 


[E] Match the Column-I with Column-II: 
[B] Match the reaction in List-I with the catalysts in List-II ; 


cesar Column-I Column-Il 
and types of catalysis in List-III: ; 
List-l _List-ll List-Ill (a) oa of water by (p) Absorption 
a a ce aS A PO Sa eo EP ees = io (a) Oxidation of SQ, to (P) NO. _(w) Positive catalyst (4) Removal of water by (a) Adsorption = ae 
aeun erates een NRE NED SE TD nee eT ee oie ane -_ SO, in lead chamber anhydrous CaCl, 
a * cia : (c) Surface phenomena (r) Evaporation of liquid 
(b) pare cha caus (q) Pt (v) Poisoned by CO (d) Bulk phenomena “ (s) Boiling of liquid 
; war : [F] Match the Column-I with Column-II: 
(c) Oxidation of CO to CO, (1) V205 (w) Heterogeneous Column Column-Il 
7 es . —— Sey rar eran ae » As) Homopenents Seniesa “(a) BaSO, ~T libiocteterompemticns ~~ 
: . 2 
[C] Match the Column-I with Column-II: pnedaay: = @ seaial 
Colunn-t Columa-I (c) Zeolite . (r) Removes hardness of water 
(a) ZSM-5 (p)Na,K,CaMg(Al0,)(SiO,)2-6H,O (d) Nickel (s) Poison for Pd in Lindlar’s 
(b) Erionite (q) Catalyst to convert alcohol to ; catalyst: 
gasoline (petrol) [G] Match the phenomena in Column-I with example in 
(c)Gemelinite (1) Na,Ca(AlO,),(Si0,), -6H,O Column-II: 
(d) Cavity size (8) H,[(AIO), (SiO) 5 _.]-16H,0 Columa-t — Cotume-t 
550 pm (a) Persorption - (p) H, on Ni surface 
(b) Sorption (q) CH,OH in chabazite 
(c) Negative adsorption (r) NH; in H,O eee 
fe (d) Occlusion (s) Dil. NaCl on blood charcoal 
1. [A] (a—s); (b—q, 1); (¢—q); (dp). [D] (a—p, s); (b—p); (c—q); (d—t). 
[B] (a—p—x, u); (6-4, s—v, u); (c—p—x, u); [E] (a—q); (b—p); (e—q, 1); (d—p, 8). 


(d—q—1, v, w). 
[C] (a—q, s); (b—p); (c—1); (ds). [G] (a—q); (b—n); (cs); (dp). 


[F] (a—s); (o>—p); (c—4, 1); (d—). 


~ ADSORPTION AND CATAL. 


Ss 


1. Show that the maximum enzyme catalysed reaction rate will (b) NO(g ) catalyses the decomposition ozone to OXyE~ 
oceur for . (c) Ozone layer depletion by Freon or Teflon. 
[H lopt = kk, : r 
ext Hint: (a) 2NO(g) + O,(g) —> 2NO, 
The general pH control enzyme catalysed reaction is Intermediate 
2 eS —" : 
= = E 
‘ ie oa 2NO,(g) + 280,(g) —> 2S0,(g) + 2NO(g) 
Only EH* is capable for binding substrate and catalysing the 
desired reaction; OR 
+ + + ‘ 
4,2 BHO, Be 50,(g) + H,O + NO,(g) —» H,SNO, 
[E H, ] [EH*] Intermediate 
+52 H.S 
Hint: kk, = LEITH} aa 2SNO; ——> H,SO, + NO(g) 
= se ee ee eee eee See |: eae NO(g) + 03g) —> NOp(g) + Ong) am 
In pH control it may be considered that [E]=[EH>* ], ie 
AEC EIT ee Og > Ose OC) 
enzyme combines almost completely with H ~ ions. i 
Thus, kk. = (H* ?3(H*) = Jhyko ] NO,(g) + O(g) —> NO(g) + O2(g) ; 
2. The rate of decomposition of acetaldehyde into methane and _ 20,(g) —> 302(g) (Overall reaction) 
CO in the presence of1, at 800 K follows the rate law (c) Chlorine atoms furnished by freon and teflon act as a } 
t ~~ ~Rate =k ([CH;CHO][],] catalyst in the decomposition of ozone in the ozone layer. ~ - 
The decomposition is believed to go by a two steps ; : 
mechanism: 0; Sunlight 0, +[0] 
CH,CHO + 1, ——> CH] + HI + CO i 
CHI +-HI ——> CH, +1, 
What is the catalyst for the reaction? Which of the two steps is OCl+ O—9 C1 +03] 
a slower one? . One gram of charcoal adsorbs 100 mL of 0.5 M CH,COOH to 
fAns. I, is catalyst; first step is slow.] form a mono-layer and thereby the molarity of acetic acid is 
3. A solution of palmitic acid (Af = 256) in benzene contains tecuced t:049 2. Caleulate mie autine ae of the charoeal 
ae : , Sagi adsorbed by each molecule of acetic acid. Surface area of 
4.24 g acid per litre. When this solution is dropped on the areuale 301310? sac IIT 2003 
water surface, benzene evaporates and palmitic acid forms . ; eg ioe em. Ne re ( ) 
monomolecular film of the solid type. If we wish to cover an (Hint: Number of moles of acetic acid initially present 
area of 500 cm* with a monolayer, what volume of solution — MV _ 05 «100 _ g 05 
should be used? The area occupied by one palmitic acid 1000 1000 ane 
molecule may be taken to be 2.1x10°% m’, Number of moles of acetic acid left 
(Ans. 0.0239 cm’) MV _ 049x100 
(Hint: ¥ litre volume of solution taken. “i000 1000? 
W =(4.24xV )g Number of moles of acetic acid adsorbed 
Number of atoms = —_—_-~- x Avogadro’ s number = aes aU ROTM! 
Atomic mass Number of molecules of acid adsorbed 
= 0,001 x 3 = 6,023 x 10” 
_424V 6 093 102 1x 6.023 x 107 = 6,023 x 
6 : Area occupied by single molecule of acetic acid 
Area = 500. x 10 m? |e x 6.023 x 10" x 21x 10° a Oe ee eh 
256 Number of molecules adsorbed 
V =0,0000239 litre = 0.0239 cm>] _ 3.01 x10" 
4. Givethe mechanism of the following reactions: 6.023 x 10° 4s 
(a) In lead chamber process, NO(g) is used as catalyst in the =5x10 m?] : 


oxidation of SO, to SO3. 
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_ 1 Questions with single correct answer 
Adsorption is the phenomenon in which a substance: 
(a) accumulates on the surface of the other substance 
(b) goes into the body of the other substance 
(c) remains close to the other substance 
(d) oxidises or reduces the other substance 
Physical adsorption is appreciable at: 

(a) higher temperature 
{c)} room temperature 


(b) lower temperature 
(d) 100°C 

The rate of chemisorption: 

(a) decreases with increase of pressure 

(b) is independent of pressure - 


~ (c) is maximum at one atmospheric pressure 


10. 


11. 


12. 


Which one of the following is the correct statement? 
(a) Chemisorption is reversible in nature 

(b) Chemisorption is high at low temperature 

(c) Chemisorption depends on the nature of gas 

(d) Chemisorption does not involve activation energy 
A catalyst is a substance which: 

(a) increases the equilibrium concentration of the preduct 
(b) changes the equilibrium constant of the reaction 
({c) shortens the time to reach equilibrium 

(d) supplies energy to the reaction 

A catalyst: 

(a) increases the free energy change in the reaction 
(b) decreases the free energy change in the reaction 


(d) increases with increase of pressure 


A poisonous gas is adsorbed at activated charcoal. The 


activated charcoal is: 


(b) adsorbate 
(d) absorbate 


(a) absorber 
(c) adsorbent 


. Chromatography is a technique based on: 


(a) solubilities of solute | 

(b) adsorption of solute 

(c) chemical adsorption followed by dispersion 

(d) differential adsorption of different constituents of a 
mixture 


. - Which of the following is not a characteristic of chemisorption? 


(a) Adsorption is irreversible 
(b) AH is of the order of 400 kJ 
(c) Adsorption is specific 
(d) Adsorption increases with increase of surface area 
In the Freundlich adsorption isotherm equation : 
oe =logk+ a iGe P, the value of ‘n’ is: 
n 


x 
m 


[CET (J&K) 2009] - 


(a) any value from 0 to 1 

(b) a negative integer 

(c) a positive integer 

(d) a positive or negative fractional number 

Which of the following is not the application of adsorption? 
(a) De-ionisation of water 

(b) Gas masks 

(c) Hygroscopic nature of CaCl, 

(d) Heterogencous catalysis 

Which one of the following is not a’‘correct statement? 
(a) Physical adsorption is reversible in nature 

(b) Physical adsorption involves van der Waals’ forces 


(c) Rate of physical adsorption increases with increase of 
pressure on the adsorbate 
(d) High activation energy is involved 


13. 


14. 


15. 


16, 


17. 


18. 


19. 


20. 


reaction 
(d) can either ‘decrease or increase the free energy change 
depending on what catalyst we use 
Which of the following statements is more correct? 
(a) A catalyst only accelerates the rate of a chemical reaction 
(b)-A catalyst-can-retard the rate of a-chemical-reaction-~ 
(c) Acatalyst can control the speed of a reaction 
(d) A catalyst alters the speed of a reaction ; 
A catalyst is a substance which: [JEE (WB) 2008] 
(a) increases the equilibrium constant of the reaction 
(b) increases the equilibrium concentration of products 
({c) does not alter the reaction mechanism 
(d) changes the activation energy of the reaction 


Which of the following reactions is an example for 
homogeneous catalysis? [CET (J&K) 2006| 


; MnO. (s) ; : 

(a) 2H,0, (1) ———> 2H,0(/) + 0,(g) 
—VOs(5) ; 

(b) 280,(g¢)+ O1(g) >. 280, (g) 
NOK) 

(c) 2CO(g)+ O,(g) > 2€0,(g) 


Ni(s) 
(d) H,(g) + C,H,(g)———>. C,H, (g) 


The substance which decreases the rate of a chemical reaction 
is called: 

(a) inhibitor (b) poison (c) moderator (d) promoter 
The decomposition of hydrogen peroxide can be slowed down by 
the addition of a small amount of acetamide. The latter acts as: 
(a) inhibitor (b) promoter (c) moderator (d) poison 

The temperature at which the catalytic activity of the catalyst 
is maximum, is called: ; 

(a) critical temperature (b) room temperature 

(c) absolute temperature (d) optimum temperature 
Efficiency of the catalyst depends on its: 

(a) molecular weight (b) number of free valencies 
(c) physical state (d) amount used 


Which of the following types of metals make the most 
efficient catalysts? 


21. 


22. 


23. 


a ____24.__ Alcoholic fermentation is brought about by the action of: 
_(a)_yeast 


25. 


26. 


27. 


28. 


mc) positive catalyst 


: ADSORPTION AND CATALYSIS 


(a) Transition metals 

(c) Alkaline earth metals 
Enzymes are made up of: 
(a) edible proteins. 

(b) proteins with specific structure 

(c) nitrogen containing carbohydrate . 

(d) carbohydrates , 

In lead chamber process, which one e of the following oxides is 
used as a catalyst? 

(a) NO (b) NO, 
Enzymes are: 


(b) Alkali metals 
(d) Radioactive metals 
ee (PET & PMT) 2007| 


(©) N,O; — @).N,0, 


. (a) substances made 8 chemists to activate washing powders 


{b) catal ysts found in organisms 
{c) synthetic catalysts 
(d) very active vegetative catalysts 


34, 


35. 


(36. 


37. 
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Platinised asbestos is used as a catalyst i in the manufacture of 
H,SO,. It is an example of: 

(a) homogeneous catalyst  (b) heterogeneous catalyst 

{c) autocatalyst - (d) induced catalyst 

The catalyst used in the manufacture of sulphuric acid by 
contact process is: 
(b) Cr,0, 


(a) Al,O, {c) V205 (d) MnO, 
The formation of diethyl ether from ethanol is catalysed by: 
(a) H,SO, (6) Al,O, (ce) Cu (d) Ni 
Which of the following. catalysts | is sensitive to temperature 
- ‘changes? 
_ (a) Fe (b) Pt (c) Ni a) Enzyme 


38. 


39. 


The catalyst used in the Deacon’s process for the manufacture 
of chlorine is: 


(a) Pt (b) CuCl, (c) V,0;—(d) Fe 
A catalytic poison renders the beataly ineffective because: 
(IT 1991) 


(b)_CO, __(c)_0, (dco. 


Glucose or fructose is converted into C. 9H,OH in the presence 
of: 


(a) invertase (b) ae (c) maltase 
The name catalysis was given by:. 
(a) Rutherford — (b) Langmuir 

(c) ‘Graham _ (d) Berzelius 

In the reaction, KMnO, + H,SO, + H»C,0, —— Products, 
Mn?* ions act as: 


(d) zymase 


(b) negative catalyst 
(c) autocatalyst (d) enzyme catalyst 
In the Haber process of synthesis of NH;;: 
(a) Mo acts’as a catalyst and Fe as a promoter 


(6) Fe acts as a catalyst and Mo as a promoter 


29. 


30. 


31. 


32. 


33. 


(c) Fe acts as inhibitor and Mo as a catalyst 

(d) Fe acts as promoter and Mo as autocatalyst 

TEL minimises the knocking effect when mixed with petrol. It 
acts as: - ; 

(a) positive catalyst _(b) negative catalyst 

(c) autocatalyst ‘(d) induced catalyst 
Edges and peaks are more effective i in a catalyst because: 
{a) they have more free valencies 

(b) they have limited number of atoms 

(c) they have limited number of molecules 

(d) none of the above. 

Hydrolysis of starch involves the use of the enzyme: 

(a) maltase _(b) zymase . 

(c) invertase _(d) diastase 

Which of the following statements is incorrect? 

(a) Enzymes exist in colloidal state 

(b) Enzymes are catalysts 

(c) Enzymes can catalyse any reaction 

(d) Urease is an.enzyme 

Which of the following catalysts is used in Friedel-Crafts 
reaction for preparation of toluene from benzene? 

(a) Anhydrous aluminium chloride 

(b) Nickel 


(c} Platinum (d) Palladium 


40. 


41. 


* (a) V0, 


42. 


43. 


44, 


45. 


46. 


_(a)_more surface area is available _— 


(c) it combines chemically with the catalyst: 

(d) it combines with one of the reactants - 

A finely divided state of the catalyst is more efficient because 
inthis state: 


(b) more energy is stored in the catalyst 

(c) positive charge is acquired 

(d) negative charge is acquired 

The catalyst used in the hydrogenation of oils is: _ 

(b) Fe (c) Ni ane Ces: 

Which of the following statenients is not true? (MLNR 1993) . 
(a) The action of a catalyst is specific 

(b) The catalyst does not alter the equilibrium 


(c) A small amount of catalyst i is sufficient to catalyse large 
"amounts of reactants 


(d) The catalyst initiates the reaction ..- 


‘The catalyst used in a add ae hydrogen ed Pose 


process is: rieby : aoe 
(a) Fe,0, (b) Cr,0, 
(c) Fe,0, + Cr,0; (d) Cu 


_ The catalyst used for olefin polymerisation is: 


[JEE (WB) 2009} 
(a) Ziegler-Natta catalyst  (b) Wilkinson catalyst 
(c) Raney nickel catalyst (d) Merifieldtesin ~ 
The moder theory of catalysis is based on: 
(a) active masses . (b) atomic or molecular weights 
(c) size of the particles (d} number of free valencies 


According to adsorption theory of catalysis, the reaction rate 
increases, because: 


(a). adsorption produces heat which increases the rate of 


reaction - 

(b) in the process oe ddipietion: the. kinetic: energy of the 
molecules increases 

(c) the concentration of reactants . at the. active centres 
becomes high due to adsorption 

(d) the activation energy of the reaction becomes high due to 
adsorption 
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47. Which one of the following statements is false? 


(a) Enzymes are highly specific 


’ (b) Enzymes increase activation energy 


(c) Enzymes require optimum temperature 
(d) Enzymes require optimum pH 


59. 


60. 


The enzyme ptyalin used for digestion of food is present in: 
(a) saliva (b) blood 

(c) intestine (d) adrenal glands 

Which of the following acts as a negative catalyst? 

(a) Lead tetraethyl as antiknock compound 


{a) at a very high temperature 
(b) during the chemical reaction 
(c) at low temperature 

(d) under atmospheric pressure 


48. An example of an autocatalytic reaction is: (b) Glycerol in decomposition of H,O, 
(a) hy drogenation of oils (c) Ethanol in the oxidation of chloroform 
(b) decomposition of nitroglycerine (d) All of the above 
(©) oxidation of Na,AsO, in presence of Na,SO, 61. Which of the following types of materials act as effective 
(d) thermal decomposition of KCIO, in presence of MnO, catalysts? - ~~ 
49. Enzyme catalysis is an example of: : (@) seis eer (b) Penaten pine 
' (c) Alkaline earth metals (d) Radioactive nietals 
(a) autocatalysis (b) heterogeneous catalysis 62. In which of the following reactions is a catalyst required? 
(c) homogeneous catalysis (d) induced catalysis (a) $+ 0, —> SO, (b) C+ 0, —> CO, 
50. The biocatalysts are: (c) 280, +O, ——>2SO, (d) All of these 
(a) enzymes (b) minerals 63. Which is not the characteristic of a catalyst? (AFMC 1992) 
(c}-plants (d}-all proteins (a} ee 
_ of heterogeneous catalyst? - (CPMT 1990) (c) It alters the rate of reaction 
(a) The catalyst lowers the energy of activation (d) It increases the average KE of molecules 
(b) The catalyst actually forms a compound with the reactant 64. In chemical reaction, the catalyst: (AFMC 1993) 
(c) The surface of the catalyst plays a very important role (a) alters the amount of products 
._ . .~-(d)-There-is-no.change.in-the-energy. of activation. : &) lowers the achvalon socey be 
(c) decreases AH of forward reaction 
52. Regarding criteria of catalysis which one of the io oaing (d) increases AH of forward reaction 
statements is not true? . (CPMT 1990) 65. Which statement is not correct? [PMT (MP) 1993] 
(a) The catalyst is unchanged chemically during the reaction (a) Physical adsorption is due to van der Waals’ forces 
(b) A small quantity of catalyst is often sufficient to bring (b) Physical dsorption decreases at high temperature and low 
_ about a considerable amount of the reaction pressure 
(c) In reversible reaction, the catalyst alters the equilibrium (c) Physical adsorption is eee 
position (d) Adsorption energy for chemical adsorption is generally 
.  (d) The catalyst accelerates the rate of reaction lesser than that for physical adsorption : 
53. In which of the following processes, a catalyst is not used? 66. In the adsorption of oxalic acid by activated charcoal, the 
(a) Haber’s process (b) Deacon’s process activated charcoal is known as: _ 
(c) Solvay process’ (d) Lead chamber process (a) adsorbent (b) adsorbate 
54. The effect ofa catalyst in a chemical reaction is to change the: (c) absorber a (d) DOR of these ce 
(a) activation energy (b) equilibrium concentration 67. Which can adsorb larger volume of hydrogen gas? 
(c) heat of reaction (a) final products oe eee 
55. Protons accelerate the hydrolysis of esters. This is an exampls of: (b) Finely divided nickel 
(a) a promoter (b) a heterogeneous catalyst (c) F inely divided platinum 
(c) an acid-base catalyst (d) an autocatalyst (d) Colloidal Fe(OH), ; 
56. In the Ostwald’s process for the manufacture of HNO,, the 6 Platinum i used as a catalyst Bee tte 8. 
catalyst used is: (a) oxidation of ammonia to form nitric *cid 
(a) Fe (b) Pt (b) hardening of oils 
(c) V0, (d) Mo (c) production of synthetic rubber 
57. The efficiency of an enzyme in catalysing a reaction is due to (d) synthesis of methanol 
its capacity: ; 69. Hydrolysis of cane sugar is catalysed by: 
(a) to form a strong enzyme substrate complex (a) H’ (b) mineral acids 
(b) to decrease the bond energies in the substrate molecule (c) enzymes (d) all of these 
(c) to change the shape of the substrate molecule 70. KCIO, on heating decomposes into KCI and O,. If some 
(d) to lower the activation energy of the reaction MnO, is added the reaction goes much faster because: 
58. The enzymes.are killed: ; 


(a) MnO, decomposes to give oxygen 
(b) MnO, provides heat by reacting 
(c) better contact is provided by MnO, 
(d) MnO, acts as catalyst 


71. 


72. 


73. 


74. 


ats 
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Which acts as poison for Pd-charcoal in Lindlar’s catalyst? 


{a) BaSO, (b) Quinoline 
(c) Both (a) and (b) (d) None of these 
The inhibitors: 


(a) retard the rate of a chemical reaction 

(b) stop a chemical reaction immediately 

(c) are reducing agents 

(d) do not allow the reaction to proceed 

The. catalyst used in the manufacture of nitric acid by 
Ostwald’s process is: 

(a) Mo (b) Pt (c) V,0, 
Which is an example of autocatalysis? 
(a) Hydrolysis of methyl acetate 

(b) Decomposition of TNG 

(c) Oxidation of oxalic acid by KMnO, 
(d) All of the above 

Which plot is the adsorption isobar for chemisorption? 


(d) Fe 


81. 


82. 


(b) van der Waals’ forces exist between adsorbent and adsorbate 
(c), Usually monomolecular layer is formed on adsorbent 
(d) Multimolecular layer may be formed on adsorbent 
The function of zymase is to: (AIITMS 1992) 
(a) change starch into sugar 
(b) ferment glucose to alcohol and carbon dioxide 
(c) change malt sugar into glucose 
(d) change starch into malt sugar and dextrin 
Which of the following relations is/are correct? 
(AIIMS 1995) 
(i) x/m = constant (at high pressure) 
(ii) x/m = constant x P'/” (at intermediate pressure) 
(iii) x/m = constant x P” (at low pressure) 
(a) All are correct (b) All are wrong 


(c)_{(i) and (ii) are correct ___(d)_(iii) is correct 


= scarce sc involved incheaiuatoarsphieaperition islate— — 


(AHIMS ie 
(a) adsorption (b) absorption 
(c) partition © (d) none of these 
The function of enzymes in ‘the living system is to: 
a a eects (CBSE 1997) 


76. 


77. 


78. 


79. 


80. 


Bix —_ 


“Kl 
“IA nk 


te 
In the dicen have oxalic acid and acidified potassium 
permanganate, the manganous salt formed during the reaction 
catalyses the reaction. The manganous salt acts as: 


(a) promoter (b) positive catalyst 

(c) autocatalyst (d) none of these 

Adsorption is accompanied by: 

(a) decrease in entropy of-the system -- 

(b) decrease in enthalpy of the system 

(c) TAS for the process is negative 

(d) all of the above 

Consider the following statements: 

1. Zeolites are aluminosilicates. 

2. Aluminium can occupy two adjacent sites in zeolites. ‘ 

Which of the following statements is correct? (SCRA 2009) 

(a) 1 only (b) 2 only 

(c) both | and 2 (d) neither 1 nor 2 

Zeolites are used as catalyst in: 

(a) petrochemical industries during cracking 

(b) the'preparation of H,SO, 

(c) the hydrolysis of ester 

(d) all of the above 

Choose the correct statement for chemical adsorption: 
[CET (Gujarat) 2006} 

(a) Value of adsorption enthalpy is above —20 kJ mol”! 


85. 


86. 


87. 


88. 


89. 


90. 


91. 


‘(a) Ganapart oxygen 


(b) provide immunity 
(c) catalyse biochemical reaction. 

(d) provide energy 

Which one of the following is a shape selective catalyst? 

(a) V20; (b) CO; 

(c) Hydrated zeolites (d) ZSM-5 

The process which is catalysed by one of the products is 
called: (DPMT 1999) 
(a) acid-based catalyst (b) autocatalyst 

(c) negative catalyst (d) positive catalyst 

The heats of adsorption in physisorption lie in the range 
(kJ/mol): : 
(b) 40-100 


(a) 40-400 (c) 10-400 9 (d) 1-10 
In physical adsorption, the forces associated are: 

[CET (Haryana) 2000] 
(a) ionic (b) covalent 


(c) van der Waals’ (d) H-bonding 
In Ziegler-Natta polymerisation of ethylene, the active species 
are: . 


‘(a) AICI, (b) EtA 
(c) CH,CH, (d) Ti* 
(e) TiCl, 


ZSM-5 converts: 

(a) alcohol to petrol (b) benzene to toluene 

(c) toluene to benzene (d) heptane to toluene 

A catalyst increases the rate of reaction by: (CPMT 1999) 
(a) decreasing enthalpy 

(b) decreasing internal energy 
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~ (c) decreasing activation energy 


4 — 92. 


93. 


94. 


{d) increasing activation energy 
The role ofa catalyst in a reversible reaction is to: 
(EAMCET 1999) 
(a) increase the rate of forward reaction ~ ~ 
(b) decrease the rate of backward reaction 
{c) alter the equilibrium constant of a reaction _ 

(d) allow the equilibrium to be achieved quickly 

A catalyst in finely divided state is more efficient because in 
this state: 

(a) it has got large activation energy 

(b) it can react with one reactant more effectively 

(c) it has large surface area 
(d) all of the above 

In case of autocatalysis: 


(KCET 2002) 
(a) reactant catalyses’ 


{b) hea poducedin thereat catalyses = : = ae 


95. 


96. 


97. 


98. 


99. 


100. 


101. 


'(c) decrease in pressure 


102. 


103. 


104, 


(c) product catalyses H a 4 


(a) Increase of pressure increases the amount’of adsorption 

(b) Increase of ieenperaia may decrease the amount of 
adsorption 

_ (c) The adsorption may 68 ‘monolayered or multilayered ~ 

(d) Particle size of the adsorbent will not affect the amount tof 
adsorption : 

Rate of physi-sorption increases with: (IT 2003) 

(a) decrease in temperature (b) increase in temperature 

(d) decrease in surface area 

Which of the following characteristics is not correct for 

physical adsorption? - (ATEEE 2003) 

(a) Adsorption increases with increase in i lie 

(b) Adsorption is spontaneous 

(c) Both enthalpy and entropy of adsorption are sage 

(d) Adsorption on solid is reversible 

According to adsorption theory of catalysis, the speed of 

reaction increases because: _(CBSE 2003) 

(a) the concentration of the reactant molecules at the active 
centres of catalyst becomes high due to adsorption 

(b) in the process of adsorption, the activation energy of the 
molecules becomes large 

(c) adsorption produces heat which i increases the speed of the 
reaction 


- (d) adsorption lowers the activation energy of the reaction 


The chemical equilibriun: of a reversible reaction is not 
influenced by: 

(a) catalyst (b) pressure 
(c) temperature - (d) concentration 

Identify the gas which is readily adsorbed by activated 


charcoal: : (KCET 2004) 
(a) No. (b) H, (c)O, . (d) SO, 

Pick out the one which does not.belong to the family of 
enzymes: (KCET 2004) 
(a) lipase (b) pepsin (c) ptylin (d) cellulose 


(KCET 2004) - 


(d) solvent catalyses 4 a 
Which of the following statements is false? ,, (KEET 2002F> 


d 


105... 


106. 


107. 


108. 


109. 


Which one of the following statements about zeolite is false? 
[CBSE (PMT) 2004] 
(a) They are used as cation exchanger 
(b) They have open structure which enables them to take up 
small molecules 
(c) Zeolites are aluminosilicates Bae a three dimensional 
network — a 
(d) Some of the sioy” units. are replaced by Aloe 4 AlO?” 
ions in zeolites - 
Adsorption of gases on solid surface is senetally exothermic 
because: . [HIT (S) 2004] 
(a) enthalpy is positive (b) entropy decreases 
(c) entropy increases (d) free energy increases 
Identify the correct statement regarding enzymes. 
(ATEEE 2004) 
(a) Enzymes are peck biglowieal? catalysts that can 
normally function at very high temperature (T ~ 1000 K) 


(b} Enzymes are normally heterogeneous catalysts that are 


very specific in action 


{c) Enzymes are specific biological catalysts that cannot be 
poisoned 


(d) Enzymes are specific ici SE Ia catalysts that possess well 
defined active site 


_The extent of adsorption of a gas.on.a solid. depends.on:____ ees 
(KCET 2005) 
(a) nature of the gas (b) pressure of the gas 


(c) temperature of the.gas —_(d) all are corréct_ 

The conversion of maltose to glucose is possible by the 
enzyme: (AFMC 2005) 
(a) zymase (b) lactase 

(c) maltase (d) diastase 

Which of the following i is true in respect of adsorption? 

[PET (Kerala) 2006] 
wager AS '> 0; AH <0 (b) AG < 0; AS <0; AH <0 
-(c)AG > 0; AS > 0; AH <0 (d) AG < 0; AS < 0; AH > 0 
(e) AG > 0; AS > 0; AH > 0 
If x/m is the mass-of adsorbate adsorbed -per unit mass-of 
adsorbent, P is the pressure of the adsorbate gas, a and b are 
constants, which of the following represents “Langmuir 


‘adsorption mone sate [PET (Kerala) 2006] 
(a) log (=) - log (¢ 24 + log Kv 
m b a 
xb I x I+bF 
b) — =— + — c)—= 
®) m a aP- ©) m aP 
Lt 2 (e) | Panels 

(x/m) b oa (x/m) a aP 
The efficiency of an enzyme to catalyse a reaction is due to its 
capacity to: {PMT (Kerala) 2006] 


(a) reduce the activation energy of the reaction 

(b) form strong enzyme-substrate complex 

(c) decrease the bond energy of all substrate molecules 

(d) increase the free energy of the catalyst-substrate reaction 


(e) alter the substrate geometry to fit into the shape of the 
enzyme molecule 
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110. Although, nitrogen does not adsorb on a surface at room 
temperature, it adsorbs on the surface at 83 K. Which one of 
the following statements is correct? [PMT (HP) 2006] 
(a) At 83 K, there is formation of monomolecular layer 

(b) At 83 K, there is formation of multimolecular layers 

(c) At 83 K, nitrogen molecules are held by chemical bonds 


(d) At 83 K, nitrogen is adsorbed as atoms 


111. What is the equation form of Langmuir adsorption isotherm 
under high pressure? [CET sgaie 2006] 
a x if 
@2=2 @Asar @t=+ wiz? 
m b m m aP m a 
{Hint: Langmuir adsorption isotherm may be given as: 
x aP 
m at bP 
~n-—At-high pressure;-——~-a-+-bP-=-bP—--—----—-—- ~~ 
— xia 
m bP 
x a 
mb 
112. Freundlich adsorption isotherm is: [MHT-CET 2007; 
DCE 2009] 
(a) ~ = Kp!" (b) x= mKP!!" 
m : 
(c)~ = KP™" (d) all of these 
m 


113. Which of the following statements is incorrect regarding 
physisorption? (AIEEE 2009) 
(a) It occurs because of van der Waals’ forces 
(b) More easily liquefiable gases are adsorbed readily 
(c) Under high pressure it results into multimolecular layer on 
adsorbent surface 
(d) Enthalpy of adsorption (AH dsortion ) 1S low and ‘positive 
114. Active charcoal is a good catalyst because:. 
[Jamia Millia Islamia (Engg.) 2006] 
(a) it is made of carbon atoms 
(b) it is very reactive 


115. 


116. 


~~-~----—-(b)-the-heat-of adsorption varies-with coverage — ; 
Sy ie slo ed coletiles sees Geb teon eee 


117. 


~~ -c) Tower the activation energy of the reaction” ~~~ 


118. 


119. 
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(c) it has more adsorption power 

(d) it has inert nature towards reagent 

According to the adsorption theory of catalysis, the speed of 
reaction increases because: (AIIMS 2007) 


. (a) adsorption produces heat which increases the speed of the 


reaction 
(b) adsorption lowers the activation energy of the reaction 
(c) the concentration of reactant molecules at the active 
centres of the catalyst becomes high due to adsorption 


(d) in the process of adsorption, the activation energy of the 
molecules becomes large 


The Langmuir adsorption isotherm is deduced using the 


assumption: [CBSE (Med.) 2007] 
(a) the adsorption sites are equivalent in their ability to adsorb 
the particles 


(d) the adsorption takes place in multilayers — 

The efficiency of enzyme catalysis is due to its capacity to: 
[PET (Kerala) 2007) 

(a) form a strong enzyme- -substrate complex 

(b) change the shape of the substrate 


(d) form a colloidal solution in water 

(e) decrease the bond energies in substrate molecules 

Which type of phenomenon is used when coloured dye is 
removed from solution of sugar by charcoal ? 


[CET (Gujarat) 2008] 
(a) Absorption : 
(b) Adsorption 
(c) Absorption and adsorption both 
(d) None of the above 
Shape selective catalysis is a reaction catalysed by 

[PMT (Kerala) 2008] 
_ (a) zeolites (b) enzymes 


(c) platinum 
(e) acids or bases 


(d) Ziegler-Natta catalyst 


Assertion-Reason TYPE QUESTIONS 


The questions given below consist of two statements each printed as 
‘Assertion’ (A) and ‘Reason’ (R). While answering these questions 
you are required to choose any one of the following four responses: 


(a) If both (A) and (R) are true and (R) is the correct 
explanation of (A). 

(b) If both (A) and (R) are true but (R) is not the correct 
explanation of (A). 

(c) If (A) is correct but (R) is incorrect, 

(d) If (A) and (R) are both incorrect. 


1. (A)A catalyst does not alter the equilibrium constant of the - 


reaction. 

(R) The catalyst forms a complex with the reactants and 
provides an alternate path with the lower energy of 
activation for the reaction; the forward and backward 
reactions are affected to the same extent. (AIIMS 2010) 


2. 


3. 


4. 


5. 


(A) Hydrolysis of ethyl acetate in presence of acid is a reaction 
of first order whereas in presence of alkali, it is a reaction 
of second order. 

(R) Acid only acts as a catalyst whereas alkali acts as one of 
the reactants. 

(A)In chemisorption, adsorption keeps on increasing with 
temperature. 

(R) Heat keeps on providing more and more activation energy. 

(A) A reaction cannot become fast by itself unless a catalyst is 
added. 

(R) A catalyst always increases s the speed of a reaction. 

(A) A catalyst speeds up a reaction but doesn’t participate in 
its mechanism. ; 

(R) A catalyst provides an alternative path of lower activation 
energy to the reactants. 
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6. (A)Fruit formation process shows increase in rate with 
passage of time. 
(R) Hydrolysis of ester is a homogeneous autocatalytic 
reaction. ; 
7, (A)A catalyst speeds up the process without participating in 
its mechanism. 
(R) A catalyst provides an alternative path of lower activation 
energy to the reactants. 
8. (A) Catalysts are always transition metals. 
(R) Transition metals hav. a variable oxidation state. 
9, (A) The mass of nickel catalyst recovered after being used in 


the hydrogenation of an oil is less than the mass of nickel — 


added to the reaction. 
(R) Catalyst take part in the reaction but are recovered in the 
end. ; 


—~=- (A) Al enzymes are proteins; but all proteins are not enzymes.—-— ~~ 


14. (A) Physical adsorption of molecules on the surface requires 
activation energy. 
(R) Because the bonds of adsorbed molecules are broken. 
(AITMS 1994) 
15. (A) Activity of an enzyme is pH dependent. 
(R) Changes in pH affect the solubility of the enzyme in water. 
~ (AIIMS 2003) 
16. (A) Alcohols are dehydrated to hydrocarbons in presence of 
acidic zeolite. 
(R) Zeolites are porous catalyst. (AITMS 2004) 
17. (A)ZSM-GS is used as a catalyst in petrochemical industries. 
(R) Zeolites are three-dimensional network silicates in which 
some silicon atoms are replaced by aluminium atoms. 
18. (A)A catalyst increases the rate of a reaction. 


<—— (Ry Enzymes are biocatalysts “and posses a stable configu- 


ration having active sites. 
11. (A) The reaction of oxalic acid with acidified KMn0O, is first 
. slow and then proceeds with faster speed. 
(R) Acidified KMn0O, is a strong oxidising agent. 
12. (A) For adsorption AG, AS and AH all have negative values. 
(R) Adsorption is a spontaneous process accompanied by 
decrease in randomness. 
13. (A)A gas with higher critical temperature is adsorbed more 
than a gas with lower critical temperature. 
(R) Higher critical temperature implies that the gas is more 
easily liquefiable. 


[Hint: A negative catalyst may increase the activation energy of 
reaction.] 
19. (A) NO is used as a homogeneous catalyst for oxidation of CO. 
2CO + O, —— 2CO, 
(R) NO increases the rate of oxidation. 


33. (a) 34. (b) 35. (c) 36. (a) 
41. (0) 42. (d) 43. (c) 44, (a) 
49. (b) 50. (a) «Ss (A) 52, (c) 
57. (d) 58. (a) 59, (a) 60. (4) 
65. (d) 66. (a) «67. (a) 68. (a) 
73. (b) 74, (d) 75. (c) 76. () 
81. (b) 82, (c) 83. (a) 84, (c) 
89, (d) 90; (a) 91. (c) 92, (d) 
97, (a) 98. (a) 99, (a) 100. (d) 
105. (d) 106. (c) «107. (b) ~——s«*108. (ec) 
113. (d) 114. () 115, (b). 116. (a) 


1. (a) 2. (a) 3. (d) 4. (d) 
9. (b) 10. (6) =. 12. (a) 
17. (b) 18. ). 19. (b) 


37. (d@) 38. (b) 39. (a) "40. (a) 
45. (d) 46. (c) 47. (b) 48. (b) 
53. (c) 54. (a) 55. (c) © 56. (b) 
61. (b) 62. (c) 63. (b) 64. (b) 
69. (d)  -—s 70. (dd) 71. -(c) 72. (a) 
77. (d) 78. (a) ° 79. (a) - 80. (c) 
85. (d) 86. (b) 87. (c) 88. (c) 
93. (c) 94. (c) 95. (d) - 96. (a) 
101. d@) 102. (d) 103. (b) 104. (b) 
109. (a) — 110. (b) 111. (a) 112. (d) 
117. (c) 


118. (b) 119. (a) 


5. (d) 
13.. (b) 


7. (a) 
15. (b) - 


8. (b) 
_ 16. (b) 


_.--(R).In_presence..of_.a_catalyst, the. activation.energyof the 
46 reaction increases. [EAMCET (Engg.) 2007 
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. Inpresence of a catalyst, the activation energy is lowered by 3° 
kcal at 27°C. Hence, the rate of reaction will increase by: 
(a) 32times (b)243 times (c)2 times (d) 148 times 


[Hint Rate in presence of catalyst : AE 
In = 
Rate in absence of catalyst : 2.303RT 
2.303 x 2 x 300 


; According to the adsorption theory of catalysis, the rateof == 


Teaction increases ‘because: 


Sci Sere 


(b) concentration of reactant molecules at the active centres of 
the catalyst becomes high due to adsorption 

(c) adsorption produces heat which increases the rate of reaction 

(d) adsorption increases the activation energy of the reaction 

. Which of the following characteristics is not correct for 

physical adsorption? 

(a) Adsorption is spontaneous 

(b) AH and AS are negative 

(c) It is reversible in nature 

(d) Degree of adsorption increases with temperature 

. Freundlich adsorption isotherm gives a straight line on 

plotting: 


(a) = vs. P (b) log (=) ys. P 
m m 
(c) log (=) ys. log P (ay ee 
m m P 


. Adsorption is an exothermic process. The amount of substance _ 


adsorbed should: 

(a) increase with decrease in temperature 
(b) increase with increase in temperature 
(c) decrease with decrease in 1 temperature 
(d) decrease with increase in temperature 


. Inhomogeneous catalytic reactions, there are three afternative 
paths 4, B and C (shown in the figure). Which one of the 


(DPMT 2009) 


Potential 
energy 


Reaction coordinate —+ 
* ¥ 


following indicates the relative ease with which the reaction 
can take place? 
((QaA>B>oCb)C>B>A(c)B>C>AMA=B=C 
[Hint: Activation energy in the different paths lies in the 
following sequence: C < B < A. 
Lesser is the activation energy, greater is the ease with which 
the reaction can take place. 

.C > B> A (Decreasing ease with which the reaction can 
take place.)] 


te For the re reaction ae —+B+C ); the energy ‘profile diagram 


In absence 
of catalyst 


Inpresence 


“of catalyst 


Potential 
energy 


Reaction coordinate —> 


The decrease in energy of activation in presence of catalyst is: 
(a)z (b)z-p ()y-z (d)z~-x 
Which of the following represents physical adsorption? 


Temp. ——»> 
(a) 
(m) 
Temp. —> Temp. ——» 
(c} (d) . 


9, The colloidal system consisting ofa liquid adsorbate in a solid 


adsorbent is termed as: 
(a) aerosol ~ (b) foam 
(c) emulsion (d) gel 
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10. 


11. 


12. 


, 


Which can adsorb a larger volume of hydrogen gas? 
(a) Colloidal solution of palladium ~ 
(b) Finely divided nickel 


(c) Finely divided platinum 


(d) Colloidal Fe(OH), 


‘Which is false for a catalyst? 


(a) A catalyst can initiatea reaction 

(b) It does not alter the position of euuienaa in a reversible 
‘reaction ; 

(c) A catalyst remains unchanged.in gaat and composition 
at the end of reaction 3 

(d) Catalysts are sometimes very specific in reaction 


The curve showing the variation of pressure with temperature 
for a given amount of adsorption is called: 


__(a) adsorption isobar __(b).adsorption isotherm 


(c) adsorption isostere (d) adsorption isochore 
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18. Anenzyme[£ ]is combined with the substrate [S ]as follows: 

ky 

E+S = ES 
. Fe 
ES ae PLE | 
The overall reaction rate is given by: 

. aes [5] 
with substrate concentration as: 


and the rate of reaction varies 


13. 


14. 


15. 


16. 


17. 


Which of the following statements is incorrect? 
(a) Adsorption always leads to a decrease in enthalpy and 
entropy of the system 
(b) Adsorption arises due’to unsaturation of valence forces of 
. atoms or molecules on the surface 
(c) Adsorption-increases with rise in temperature 
(d) Adsorption decreases the surface energy 
Which of the following gas molecules have maximum value of 
enthalpy of physisorption? 
(a) C,H¢ (b)-Ne (c) H,O (d) H, 
[Hint: Since, H,O can be liquefied easily, hence it will have 
the maximum enthalpy of physisorption. | 
Which of the following Eases is adsorbed most by activated 
charcoal? — [AMU (Med.) 2010] 
(a) CO, (b) N, © CH, (d) H, 
[Hint: CO, is an easily liquefiable gas, hence it is adsorbed 
most by charcoal.] 
Which of the following factors are responsible for the increase 
in the rate of a SRE catalysed reaction? 
[PMT (Kerala) 2006] 
1 A catalyst provides proper orientation for the reactant 
molecules to react 
II. Heat of adsorption of reactants on a catalyst helps reactant 
molecules to overcome activation energy 
III. The catalyst increases the activation energy of the reaction 
IV. Adsorption increases the local concentration of reactant 
molecules on the surface of the catalyst 
Select the correct answer using the codes given below: 
(a) landII (b) Iand III (c) IandIV (d) I, I and Ill 
(e) I, TV and IV : 
In Langmuir’s model of adsorption of a gas on a solid surface: 
(AIEEE 2006) 
(a) the rate of dissociation of adsorbed’ molecules from the 
surface does not depend on the surface covered 
(b) the adsorption at a single site on the surface may involve 
multiple motecules at'the same time 
(c) the mass of gas striking a given area of surface is 
proportional to the pressure of the gas , 
(d) the mass of gas striking a given area of surface is 
independent of the pressure of the gas 


‘S| 


The order of reaction at si Ais: 
(a) one (b) two (c) three (d) zero 

19. Which type of graph gives straight ‘line in’ Langmuir 
adsorption isotherm ? [CET (Gujarat) 2008] 


x I m 1 
a)— > = b)-—~ — 
AGK pl. Os Pp 


(c) log (=) 3 (d) log (= >P 


20. Plot of log (= against log P is a ofraieht line inclined at an 


angle of 45°. When the pressure is 05 atm and Freundlich 

parameter, k is 10, the amount of solute adsorbed per gram of 
“adsorbent will be : (log 5 = 0.6990) [PET (Kerala) 2008] 

(a)Ig (b)2g (c)3g (d)5¢g 

(e) 2.5 g 

[Hint : According to Freundlich Adsorption Isotherm : 


tog (=) = logk + — ! tee 
. \m 


When log (=) is plotted against log P, we get straight. line of 
m 
slope (1/n) and intercept (log 4). 
= tan 45° =1- 
; 
log k = log 10=1 
~ =k (P)!" =10 (0.5)! =5 
When m=lg, x=Sg) 
21. Following graphs willbe true when: _ 
(a)P'=0  (b)P=1 ai 
X 
m 
| 


1 1 
oo ea log 
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C Ansevers 


1. (d) 2. (b) | 3. (d) 4. (c) 
9. (d). 10. ‘(a) 11. (a) 12. (c) 
17. (c) "18. (a) 19.. (b) 20. (d) 


EE 2 Lincep CompreneNsion TyPe QUESTIONS @= 


e Passage 1 


Only the surface atoms in an adsorbent, play an active role in 
adsorption. These atoms possess some residual forces like van der 
Waals’ forces and chemical forces. 


In the process of adsorption, weak adsorbate is substituted by 


__..._. strong_adsorbate,Activated_-charcoal_used_in-gas-mask_is_already. 
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5. (d) 6. (b). 7. (b) 8. (a) 
13. (c) 14. (c) 15, (a) 16. (e) 
21. (c) 


e Passage 2. 


Freundlich adsorption isotherm is obeyed by the adsorptions 
where the adsorbate forms a multimolecular layer on the surface of 
adsorbent. In such casés, the degree of adsorption varies linearly 
with pressure but at high pressure, it becomes independent of 


pressure. 


exposed to the atmospheric air. so the gases and water vapours in air 


The relation of Freundlich adsorption isotherm is: 


are adsorbed on its surface. When the mask is exposed to chlorine 
atmosphere, the gases are displaced by chlorine. Porous and finely 
powdered solids, e.g., charcoal and Fuller's earth adsorb more as 
“ompared to the hard non-porous material. It is due to this property 
‘hat the powdered charcoal is used in gas masks. In general, easily 
liquefiable gases.like CO,,.NH4,-Cl, and SO, , etc.,-are adsorbed to 
«t greater extent than the elemental gases, e.g.,H,, N,, O,, He, 
ete, 
Answer the following questions: 
1. Gas masks work on the principle of: 
(a) physical adsorption 
(b) chemical adsorption 
(c) both physical and chemical adsorptions 
(d) absorption 
2. Which of the following gases will be most easily adsorbed by 
the charcoal in the gas mask? 
(a) H, (b) 0, 
3. Gas mask contains: 
(a) charcoal granules (b) powdered charcoal 
(c) calcium carbonate (d) Fuller’s earth 
4. Which of the following gas molecules has maximum value of 
- enthalpy of physisorption in a gas mask? 


(c) Ny (d) SO, 


. (a).C,H, (b) Ne (c)H,O (d) H, 
5. Which of the following gases will substitute O, from adsorbed 
charcoal? - 
(a) H, (b) Ny (é) Ar (d) Cl, 


x = pin 
m 


where, k and n are constants. 


* Langmuir adsorption isotherm is obeyed by the adsorption where 
the adsorbate forms only a unimolecular adsorbed layer. The 
mathematical relation of Langmuir adsorption isotherm is: a 

x _ aP 


m 1+b5P 
Select whether the following statements are true or false: 


1. When log (=) % plotted against log P, we get a straight line 
7 


with slope (1/n). 
(a) True (b) False 
2. The degree of adsorption (x/1) at low pressure will be: 
x 
ce 
m 
(a) True 


3. When (*) 
x 


(b) False 
is plotted against 3 , we get a straight line with 
. Slope (1/a) and intercept (b/a). 
(a) True (b) False 
4, In the mathematical relation of Freundlich adsorption 


isotherm, the value of (1/n)is 0< Z <1. 
n 


(a) True (b) False 
5. Freundlich adsorption isotherm is valid for chemisorption. 
(a) True (b) False 


OE ————————— 


Passage I, ob 
Passage 2, 1. 


4. (0) 5. (d) 
4. (a) 5. (b) 


aa 
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SS 38 SELF ASSESSMENT 2 


ASSIGNMENT NO. 13° 


SECTION-I 
Straight Objective Type Questions 


This section contains 8 multiple choice questions. Each question . ~ 


has 4 choices (a), (b), (c) and (d), out of which only one is 
correct. 


SECTION-II | 


Multiple Answers Type Objective Questions 
. 9. Which of the following are correct about a catalyst? 
(a) It participates in the reaction but is recovered at last 


(b) It does not affect AG 

1. At high pressure, Langmuir adsorption isotherm takes the (c) It does not affect AH 

form: (d) It alters the mechanism of reaction 

(a)2 = aP ()2=2 10. Which of the following statements are correct? 

m 1+ bP m b (a) Physical adsorption is of multimolecular layer 
sgn a a ey Pt no. —" _ (0) Degree of chemical adsorption increases with increase in 
x a aP temperature 

2. Which of the following is used to adsorb water? (c) Adsorption increases the surface energy ~~ 

(a) Silica gel (b) Anhydrous CaCl, , @ Sometimes solvent is adsorbed in preference to solute 

(c) Coal (d) Coke : 11. Which of the following are zeolites? 


3. Select the correct option for the following graph: 


Pressure ——> 


@h>h>h (b) 7, = =T 
()T, <7, <T, (d)T > <T 
4. Which of the following substances adsorbs H, gas most 


strongly? 
(a) Platinum black (b) Nickel powder 
(c) Activated charcoal (d) Silica gel 


5. The order of volume of gases NH;, CO, and CH, adsorbed by 
one gram of charcoal at 298 K is: 
(a) CH, > CQ, > NH, (b) NH, > CH, > CO, 
(c) NH; > CO, > CH, (d) CO, > NH; > CH, 
6. Activated charcoal is prepared by: 
(a) adding Ba,(PO,), to charcoal 
(b) treatment with conc. HNO, 
(c) heating charcoal with steam to make : more porous 
(d) adding silica to charcoal 
7. In the manufacture of H,SO, by contact process the presence 
of AS,O, acts as: 


(a) catalytic promoter (b) induced catalyst 


(c) catalytic poison (d) autocatalyst 
8. In Rosenmund reactions, presence of BaSO, acts as ....... for 
Pd. 
(a) promoter (b) moderator 
(c) inhibitor (d) poison. 


(a) Granite (b) Faujasite 
(c) Natrolite (d) Thomisite 
12. Which. of the following-act.as-negative catalysts? - -. ~-- 
(a) Ethanol in oxidation of chloroform 
(b) Tetra ethyl lead used as antiknocking agent 
(c) Glycerol in the decomposition of H,O, 
(d) Fe in the formation of ammonia by Haber’s process 
13. Select the correct statements about enzymes: 
: (a) Enzymes are biological catalysts found in organisms 
(b) All enzymes are proteins 
(c) Enzymes can catalyse any reaction 
(d) Enzymes’ activity is optimum at 27°C 


SECTION-III 
‘Matrix: Matehing Type Questions 

This section contains 3 questions. Each jasstion contains 
statement given in two columns which have to be matched. 
Statements (a, b, c and d) in Column-I have to be matched with 
statements (p, q, r and s) in Column-II. The answers to these 
questions have to be appropriate bubbled as illustrated in the 
following examples: 

If the correct matches are Cae (b-q,r), (c-p,q) and (d-s), then 
the correctly bubbled 4 x 4 matrix should be as follows: 


Pp 4 r § 
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14. Match the Column-I with Column-II: 16. Match the Column-! with Column-Il: 
Column-I - Column-II Column-I Column-II 
(Process) (Catalyst) (a) Chemisorption (p) Exothermic 
(a) Cracking of hydrocarbons (p) Ni (b) Physisorption (q) Endothermic 
(b) Ostwald’s. process (q) NO (c) Desorption (r) Removal of adsorbed 
(c) Sulphuric acid manufacture (r) Pt substance 
.  (d) Catalytic converter (s) NiO (d) Activation of adsorbent (s) Specific 
15. Match the Column-] with Column-II: 
Column-I Column-II 
. (Catalyst) (Process) 
(a) Ni (p) Cracking of hydrocarbons 
{b) AICI, (q) Fischer-Tropsch process 
(c) Co/Al,0, (r) Hydrogenation of oil 


(d) Zeolite (s) Friedel-Crafts reaction 


1. (b) 2. (@) 3. (c) 


4. (a) 


9. (a,b,c,d) 10 (abd) Ue(cd) 12. (a,b, 0)" 
1S. (a-1) (b-s) (-q) Gp) - 16. (a-p, s) (b-p), (¢-a, 1) (d-q) 


: z (c) 


13. (a, b, d) 


§. (c) 7. ©) 
4A. (ar) (b-1) (c-4, 1) (-p, 8) 


8. (d) 


144 


involves the ea ereak er the volume of a known solution 
required to bring about the completion of the reaction with a 
measured volume of the unknown solution whose concentration 
or strength is to be determined. By knowing the volume of the 
known solution, the concentration of the solution under 
investigation can be calculated. Volumetric analysis is also 
termed as titrimetric analysis. 


IMPORTANT TERMED USED IN 
VOLUMETRIC ANALYSIS 


(i) Titration: The process of addition of the known solution 
from the burette to the measured volume of solution of the 


substance to be estimated until the reaction between the two is — 


just complete, is termed as titration. Thus, a titration involves 
two solutions: 

- (a) Unknown solution and (b) Known solution or standard 
solution. 

(ii) Titrant: The reagent or substance whose solution is 
employed to estimate the concentration of unknown solution is 
termed titrant. There are two types of reagents or titrants: 

(a) Primary titrants: These reagents can be accurately 
weighed and their solutions are not to be standardised before use. 
Oxalic acid, potassium dichromate, silver nitrate, copper 
sulphate, ferrous ammonium sulphate, sodium thiosulphates, etc., 
are the examples of primary titrants. 

(b) Secondary titrants: These reagents cannot accurately 
weighed and their solutions are to be standardised before use. 
Sodium hydroxide, potassium hydroxide, hydrochloric acid, 


:Sulphuric acid, iodine, potassium permanganate, etc., are the 
examples of secondary titrants. 


(iii) Standard solution: _ The solution of exactly known 
concentration of the titrant is called the standard solution. 

(iv) Titrate: The solution consisting the substance to be 
estimated is termed unknown solution. The substance is termed 
titrate. : 

(v) Equivaience point: The point at which the reagent 
(titrant) and the substance (titrate) under investigation are 


-per 100 mL of solution is called per 
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stoichiometric end point or simply end point. 

(vi) Indicator: It is the auxiliary substance used for 
physical (visual) detection of the completion of titration or 
detection of end point is termed as indicator. Indicators show 


change in colour or turbidity at the stage of completion of 
titration, 


14.2 CONCENTRATION REPRESENTATION 
OF SOLUTION 


1. Concentration Representation in Physical Units 


(a) Strength of solution: Number of grams of solute 
dissolved per litre of solution is called strength of solution. 

(b) Parts Per Million (ppm): Number of grams of solute 
dissolved per 10° grams of solvent is called concentration of 
solution in the unit of Parts Per Million (ppm). This unit is used to 
represent. hardness of water and concentration of very dilute 
solutions, 

(c) Percentage by mass: Number of grams of solute 
dissolved per 100 grams of solution is called percentage by mass. 


(d) Percentage by volume: Number of millilitres of solute 


For example, if 25 mL ethyl alcohol is diluted with water to 
make 100 mL solution then the solution thus cbtained ts 25% 
ethyl alcohol by volume. 

(e) Percentage mass by volume: “umber of grams of 
solute present per 100 mL of solution is called percentage mass 
by volume. 

For example, let 25 g giucose is dissalved in water to make 
100 mL solution then the solution is 25% glucose mass by 
volume. 


2. Concentration Representation in Chemical Units mi 


(a) Normality: Number of gram equivalents of solute 
dissolved per litre of solution is called the normality of the 
solution. It is denoted by N and it can be calculated as, 

_ Wz x 1000 


(i 
Ex, xX¥ ” 
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where, wy = mass of solute in grams 
Ex, = gram equivalent mass of solute 
V = volume of solution in mL 


Another relation for calculation of normality is 
_xxdx10 


z ... (ii) 


where, @ = density of solution is g/mL 


x= ‘percentage by mass of solute 


‘Symbol Normality “Physical significance 


i 
4 
| 


_ compound ‘B’. 


i 901 


_ Wg X 1000 
7 Mp XW, 
where, wz = mass of solute in grams 
mg = gram molecular mass of solute 
_ = mass of solvent in grams 
Principle of Volumetric Analysis 


Volumetric analysis is based on the principle of equivalence. 
According to this principle, substances combine together in the . 
ratio of their equivalent masses. 

Let x g of a compound ‘A’ completely react with vg of another 


Then, Equivalent mass of ‘A = 


x 
Equivalent mass of ‘B’ sy 


@ N | ‘Normal solution, [Lg equivalent of solute 


i.e, Normality = 1° ‘per litre of solution 


x y 


‘0.1 g equivalent of sol- 
‘ute per litre of solution 


‘Decinormal solution, 


(ii) 0.1 Nor 
10 i.e, Normality = 0.1 


Centinormal solution; 
‘i.e, Normality = 0.01 


‘0.01 g equivalent of 
‘solute per litre of solu- 
‘tion 


(iii) 0.01 Nor A 
100 


‘Millinormal solution, ‘0.001 g equivalent of 
07. e., Normality-= 0.001 isolute per litre of solu- 
‘tion 


(iv) 0.001 Nor — 
100 


(v) 0.5 Nor bE ‘Seminormal solution, 
‘ 2 ‘Le, . Normality = 0.5 


(0.5 g sqiiivalet of sol- 
_iute per litre of solution 


Note: If normality of a solution is given then number of equivalents of 
solute in a definite volume of solution may be calculated easily. 


Number of equivalents of solute = NE 
1000 


where, V = volume of solution in mL. 
(b) Molarity: Number of moles of solute dissolved per litre 


of solution is called molarity. It is denoted by ‘M’. It may be 
calculated using the following relations: 


wp, X 1000 : 
> Gi) 
- Mg XV 
or pee a (ii) 
Mz 


where, wz, = mass of solute in grams 
mg = gram molecular mass of solute ” 
x = percentage by mass of solute 
d = density of solution in g mL”! 
In the problems of volumetric analysis, concept of molarity is 
very useful. Let us consider an equation of the following type : 
n,A+n,B—mC+m,D 
Let molar of A and B are M, and M, respectively, then 
MY, MOV. 
Aa 8) 
ny Ny 
(c) Molality; Number of moles of solute dissolved per 


1000 g (per kg) of solvent is called molality of solution. It is 
denoted by ‘m’. It can be calculated as, 


'. Number of gram equivalents of ‘4’ = 


Equivalent mass of ‘A’ Equivalent mass of ‘B’ 


Number of gram 
equivalents of ‘B’ 
Thus, one gram equivalent of a substance ‘A’ completely 
reacts with one gram equivalent of another.substance ‘ B’. 
According to the principle of equivalence, — 
Number of gram equivalents of A 


= No. of gram equivalents of B 


wo N 
Number of gram equivalents of A = paleo ; 
1000 
where, V, = volume of 4 in mL 
_ Ng XVo 
Number of gram equivalents of B = —-——— ; 
1000 
where, Vz = volume of B in. mL 
Nag XVg _Np XVp 
1000 1000 


Ng XV, =Np XV, 


. The above equation is called normality equation and it is very 


useful in numerical calculations of volumetric analysis. 


' 14.3 CLASSIFICATION OF REACTIONS 


INVOLVED IN VOLUMETRIC. ANALYSIS 


1. Neutralisation Reactions 


The reaction in which acids and bases react to form salt is 
called neutralisation. 


€.g., HCl + NaOH ——> NaCl + H,O 
Hiacia) + OH base) —> H, O(feebly ionised) 


The titration based on neutralisation is called acidimetry or 
alkalimetry. 


2. Oxidation-Reduction Reactions 


The reactions involving simultaneous loss and gain of 
electrons among the reacting species are called 
oxidation-reduction or redox reactions, e.g., let us consider 
oxidation of ferrous sulphate (Fe?* ion) by potassium 
permanganate (MnO, ion) in acidic medium. 


902 | 


MnO, +8H* +5e° —+>Mn”* + 4H,0 (Gain ef electrons 

or reduction) 
(Loss of electrons 
or oxidation) 
‘MnO; +5Fe** +8H* ——> Mn** +5Fe** + 4H,O 


In the given reaction, MnO; acts as oxidising agent and Fe?* 
acts as reducing agent. 

The titrations involving redox reactions are called redox 
-- titrations. These titrations are also called according to the reagent 
used in the titration, ¢. g., iodometric, iodimetric, cerimetric, 
permanganometric and dichromometric titrations. 


5x [Fe?* —— Fe** +7] 


3. Precipitation Reaction 


A chemical reaction in which cations and anions combine to 


= _——--ferm-a-compound of very low solubility-(in the form of residue or" 
a fia ie dS faces = 


. a: 
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replaceable H* ions or it is the mass of acid which contains one 
mole of replaceable H* ions. It may be calculated as: 
Molecular mass of acid 
Basicity of acid 
Basicity of acid = number of replaceable hydrogen atoms 
present in one molecule of acid 


Equivalent mass of acid = 


- BaCl, + Na,SO, —— BaSO, + 2NaCl 
: (White precipitate) 


€.2., 


~ AgNO, + NaCl —> AgCl + NaNO, 


(White precipiate) 


The titrations involving precipitation reactions are called 
precipitation titrations. 


4. Complex Formation Reactions 


These are ion combination reactions in which a soluble 
Slightly dissociated complex ion or compound is formed. 


Complex compounds retain their identity in the solution and have ~ 


the properties of the constituent ions and molecules. 
e.g., CuSO, + oe —— [Cu(NH,), ]SO, 
(Complex a ass 
AgNO, + 2KCN—> K[Ag(CN),] +KNO, 
(Complex. compound) 
2CuSO, + K,[Fe(CN)¢]—> Cu,[Fe(CN),_] + 2K 280, 


(Complex compound) 


‘The titrations involving complex formation reactions are called 
complexometric titrations. 


14. 4 CALCULATION OF EQUIVALENT MASS 
OF DIFFERENT SUBSTANCES 


The equivalent mass of a substance is defined as the number of 
parts by mass of it which combine with or displace 1.0078 parts 
by mass of hydrogen, 8 parts by mass of oxygen and 35.5 parts by 
mass of chlorine. + 

_ The equivalent mass of a substance expressed in grams is 
called gram equivalent mass. 

The equivalent mass of a substance is not constant, It depends 
upon the reaction in which the. substance is participating. A 
compound may have different equivalent mass in different 
chemical reactions and under different experimental conditions. 


é 


(A) Equivalent Mass of an Acid 


It is the mass of an acid in grams which contains 1.0078 g of 


Acid __Basleity | Molecular mass Equivalent mass 
HNO, een. 1 63 4 < = 63 
HCl | 1 36.5 a2 = 36.5 
". CH,COOH 1 
HPO, 
H,S0, A) aos Mi 98 | 4 = 49 


Note: ,Phosphoric acid aed act as inoneane or dibasic or tribasic acid, 
@g., 
(i) H;PO, + NaOH ats NaH,PO, + H,O 
Here, phosphoric acid acts as monobasic acid. 


-, Equivalent mass of H,PO, = ela ASS 65 


Basicity | 


(ii) H3PO, + 2NaOH —— Na,HPO, + 2H,O 
Here, Basicity of H;PO, = 2 
‘ 1 
Equivalent mass of HPO, = Molseula mess Soua bed 
Basicity 
= a8 = 49 
2: 
(iy HPO, + 3NaOQH —> Na,PO, + 3H,O 
Here, Basicity of H,PO, =3 
Molecular mass 


Equivalent mass of H;PO, = Basicity 
. 3asici 


u 


o/s 


= 32.66 


(B) Equivalent Mass of a Base 


It is the mass of the base which contains one mole of | 
_ replaceable OH” ions in a molecule. 


Molecular mass of base 


Equivalent mass of base = — 
Acidity of the base 


Acidity of base = Number of replaceable OH” ions 
present in one molecule.of the base 
or, 


It is the mass of. a base which completely reacts with one gram 
equivalent mass of an acid, 


> CE ANE MOE OT OPE ETE LETS AOE FO MOEN WEOLEY TMNT GN 
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é2., Ca(OH), + ae — > CaCl, +2H,O 
74g 


=2g enilivalent of HCl 


2 gram equivalent of HCI reacts with 74 g Ca(OH), 
*. 1 gram equivalent of HCI will react with 37 g Ca(OH), 
Thus, — mass of Ca(OH), = 37 


Base Molecular mass | Equivalent mass 
NaOH 40/1 = 
KOH 56/1 = 
_ Ca(OH), 74/2 = 37 
NH,OH 35/1 = 35 


(C) ee Mass of oat 


which can be used for oxidation) is called the equivalent mass of - ~ 


oxidising agent. 


Examples: 
O) K 7Cr,0; * 4H,SO, —_ K 280, + Cr,(SO4), 
294.22 
+ 4H,0+ 3[O] 
3x lg 
294.2 ome 
Equivalent mass of K,Cr,0, = ——— x 8 = 49.03 


(ii) Equivalent mass of KMnO,: Potassium permanganate 
"isa powerful oxidising agent in acid; base and in neutral medium. 
(1) Acid medium: 
2KMnO,+ 3H,SO,; —> K,S0,+ 2MnSO, + 3H,0+ 5[O] 
2x 158g 5x l6g 


cd oxygeris fumished-by 316 g KMnO 


(NaOH). This sait undergoes hydrolysis in water to form basic 
solution. 


Na,CO, + 2H,0 == H,CO, + 2Na* + 20H” 
Such salts react with mineral acids like HCI _ 
Na,CO, + 2HC] —>.2NaCl +.H,0+.CO,,..... 
In the above reaction one mole of Na,CO, reacts with 2 
equivalents of HCI 


f Na,CO 
-. Equivalent mass of Na,CO, = lesb aa 


Thus, mass of the salt which reacts with one gram equivalent of 
acid or base is called its equivalent mass, e.g., 


() NH,Cl+ NaOH ——>NH, +NaCl+H,0O 


Sma —-1 equivalent 

Equivalent mass of NH,Cl = —nee 
(ii) PEN + - Lee oe —— AgCl + HNO, 

Equivalent mass of AgNO, = bearer _ ene) 


Alternatively, 


Equivalent mass of salt = Molecularuwss ct salt 


Total positive or negative valency 


Sait : Valency Equivalent mass 
NaCl - 1 molecular mass/1 
CaCl, 2 molecular mass/2 
Ca,(PO,). 6 molecular mass/6 
AICI, 3 molecular mass/3 


(D) Equivalent Mass of an Oxidising Agent 


(a) Available oxygen concept: The mass of oxidising 
agent which contains 8 g of available oxygen (i.¢., the oxygen 


i.e., equivalent mass of KMn0, in acidic die is 31.6. 
_ (2) Neutral medium: 


2KMnO, + H,O—> 2Mn0, +2KOH+ 3[0] 
2x 158g 3x 16g 


Pauivlent mass of KMnO, = ~ x8 = 52.66 | 


(3) Alkaline medium: 
2KMnO, + 2KOH —> 2K,MnO, + H,0 + [0] 
2x 158 g KMnO, =16 g‘O’ 


“Equivalent mass of KMnO, = as x 8=158 


(b) Electron concept: 
Equivalent mass of oxidising agent . 
Molecular mass of oxidising agent 


7 Number of electrons gained by one molecule 


, Examples: (i) Equivalent mass of potassium dichromate: 
C07 +14H* +6e7 —> 2Cr** +7H,O 


. Equivalent mass 3 of K,Cr,0, = , Molecular mass _ 294 _ 49 


6 6 
(ii) Equivalent mass of KMnO, in acid medium: | 
MnO; +8H* +5e7 —~Mn** +4H,O 


Equivalent mass of KMnO, = a Mie ee = ke 31.6 


Similarly, equivalent mass of KMnO, in neutral and alkaline 
medium can be calculated. 


MnO; +e ——> MnO?” (Neutral medium) 
MnO; + 2H,O+3e" —— MnO, + 40H (Alkaline medium) 


(c) Oxidation number-concept: 
Equivalent mass of oxidising agent 
_ Molecular mass of oxidising agent 


~ Total change in oxidation number 
per molecule of oxidising agent 


904 


. Examples: 
(i) Equivalent mass of K,Cr,Q,: 


+2 +12 -14 


K, Cr, O, + 4H,SO, + K,S0, ee (804)5 + 4H,0+ 3[0] | 


Change in oxidation number of chromium = 12— 6 = 6 
Molecular mass _ 294 
6 6 


(ii) Equivalent mass of KMnO, in acid medium: 


Equivalent r mass of K,Cr,0, = = 49 


+1 +7 ~ «-8 . +2 -2 
2K Mn O, +3H,SO, —> K,SO, + 2Mn SO, + 3H,O+ 5[0] 


Change in oxidation number of manganese = 7 ~ 2= 5 
. Equivalent mass of KMnO, 


Molecular mass _ 
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©) Oxidation number concept: 


Molecular mass 
Total change in oxidation number 
of the oxidised element per molecule 


Eauivadent mass = 


The oxidation number of iron in ferrous salt is +2 while the 
oxidation number of iron in ferric salt is +3. The change in 
oxidation number per atom of iron is I, ie, one unit. 

.. Equivalent mass of ferrous ammonium sulphate _ 


J mass 392 = 392 
1 
222889 GSome Sotven Examptes\ aa EXAMPLES [SOME SOLVED EXAMPLES\$$$3°:: 


Example 1. When hydrogen gas was passed over 8. 082 of 
heated metal oxide, it was completely reduced and 1.8 g oft water 


was formed: 


©) Equivalent Mass of a Reducing Agent 


(a) Available oxygen concept: The amount of reducing 
agent in gram which reacts with 8 g of available oxygen is called 
gram equivalent mass of pedueme) agent. 


Examples: ~~ fe Bape Pe aiRm Regie Seen Mg Pay FR pe Ny 
(i) Oxalic acid: 
COOH 
| . 2H, 0 +[O] —> 2CO, +3H,0 
COOH 162 
1 mol (126 g) 
‘ Song 126 
Equivalent mass of oxalic acid = ae x 8=63 


(ii} Ferrous sulphate: 


2FeSO, +H,SO, +[O]—— Fe,(SO,), +H,O 
_ 2 mol 2 x 152g) l6g 
Equivalent mass of ferrous sulphate = 2 J x §=152 


Similarly, equivalent mass of Mohr salt can be determined. 
2 mol FeSO,4(NH,), SO, -6H,0=1 gram atom of oxygen 


392x2xK8 


.. Equivalent mass of Mohr salt = = 392 


(b} Electron loss concept: 
Equivalent mass of a reducing agent 


Molecular mass 


~ Number of electrons lost by one molecule 


Example: Ferrous ammonium sulphate (Mohr - salt). 


Oxidation of Mohr salt involves the following ionic reaction: 
Fe?* —» Fe** +e 


Equivalent mass = Molecular mass 


“(ay What is weight of oxygen int The metal oxide? — 


(b) What is the equivalent mass of the metal? 


Solution: (a) When hot metal oxide is treated with 
hydrogen, 1.8 g water is formed. 

18 g H,O contains 16 g oxygen. 

Thus,-1.8 gH, © willcontain |.6-g oxygen: ~~~ - 

(b) Equivalent mass may be defined as weight of the metal 
that combines with 8 parts of oxygen to form its oxide. 

Mass of metal in its oxide = 8.08 — 1.6 

= 6.48 2 

1.6 g oxygen combines with 6.48 g of metal 


..8 g oxygen will combine with = - x 8 ¢ of metal 
=324¢ 
Thus, equivalent mass of metal = 32.4 


Example 2. SO, is oxidised to SO; 
Calculate equivalent mass of SO). 


in acid medium, 


+4 +2 +6-8 
Solution: SO,(g)+2H,0—->H, SO, +2H> +2e 
Change in oxidation number of sulphur = 6- 4 = 
pen mass of SO, “— — ot. 32 


Rinaile 3. What is the equivalent mass of: 
(a) HPO, when neutralised to HPO; 


(6) HCIO, 

(c) NalO, when reduced to I~ 
(d) NalO, when reduced to 1, 
(e) AKOH),. 

. Solution: (a) Molecular mass of H,PO, = (3+ 31+ 64) 
=98g.H PO, when neutralised to HPOZ , two H* ions have 
been replaced. oi 

Mol. mass 
No. of replaceable hydrogen atoms 


98 
=— = 490 
5 & 


Thus, eq. mass = 
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(b) HCIO, molecule contains one replaceable hydrogen atom. 


Mol. mass ~ 100. 100.5 


Thus, eq. mass = = 100.5 


905 


Molecular mass (M) 
2 


+3 43 -~6 -3 43 
H, PO; —> PH, 


*, Equivalent mass (£,) = 


(c) NalO, = ia Change in oxidation number of ‘P’ = +3-(-3)=+6 
ey. Molecular mass (M) 
Oxidation no. +5 I Equivalent mass (£4 )= Sia aaa 
Change in oxidation number = 6 Overall equivalent mass = E, + E, 
Mol. mass of NalO, = (23+ 127 + 48) = 198 g =. aoe 
Eq. mass of NalO; = Mol. mass = 233.0 (d) H—C==C—H+2Na —+NaC=CNa + H, 
Change in O.N. 6 Basicity of acetylene = 2 _ 
(d) NalO, —->1, Equivalent mass (E)= — ad 
Oxidation no, +5 0 Vth este a Pe a eee ee a 
: Change in oxidation number = 26 Example 6. “Determine the number of g equivalents of 
< 198 eS ~soluté in (a) \OOmL of SN HCI (b) 250 mL of 0.1N Na,CO,,. 
Eq. mass of NalO, = ee 39.6 Solution: We know that, 
: Number of gequivalents = Normality x Vol. of solution (litres) 
>) The acidity of AI(OH), is 3. ; 
«) ene )s (a) Number of g equivalents of HCl = cues = 0.5 er sele: 
Eg. ee = mE B= 2608 ; et ates = 5k 
Acidity = 3 (b) Number of g equivalents of Na,CO, = 0.1x 00 
Example 4, Calculate the number of millimoles and , ” = 0.025 


ilftequivalents of C 507, ions in acid medium when 100 mL of 
“OLAL C05” is reduced to Cr** by Fe** 


Cr,0;” + 14H* + 6e~ —— 2Cr** +7H,O 


I mol 6 mol 


Solution: 


0.01 M Cr,07 = 0.06 N Cr,07- 


Number of millimoles = 4 x ¥ = 001x 100=1 
Number of milliequivalents = N x V = 0.06x 100= 6 


Example 5. Give the relation between molecular mass 
(Af) and equivalent mass (E) of the yang ‘lined species in the 
following reactions: 


(a) HyPO, + Ca(OH), —> CaHPO, + 2H,0 

(b) HO + MnO} — > Mn** +0, +H,O 

(c) 4H,PO, —> 3H ,PO, + PH 

(d) HC==CH + 2Na —> NaC =CNa +H, 

(a) H,PO, + Ca(OH), —>CaHPO, +2H,0 


Solution: 
Basicity of H,PO, = 2 
: 1 ‘ 
*, Equivalent mass of H,PO,(£) = Me eee 
+222 


(b) Hy Or = 5G, 


Change i in oxidation number of H,O, = 2 
Molecular mass (M) 
2 


#343 -6 : +3045 -8 
(c) H, PO, ——H, PO, 


Change in oxidation number of ‘P’ = 2 


*. Equivalent mass of H,O, (Z) = 


Example 7. What volumes of 12 N HCl and 3 N HCI must 

be mixed to form one litre 6 N HCI? 
Solution: Let x mL of 12 N HCLand y mL of 3 N HCI be 
mixed to form one litre 6 N HCI. 


.. G) 


So, x+y=1000 © 

Applying the formula N,V, + NV, =NV;, 
=12N,V, =x,N,=3N,V, = y,N; =6N,V; = 1000 

So, 12x + 3y = 6x 1000 we (li) 


Putting the value of y= (1000—.x) from eq, (i) in eq. (ii), 
12x + 3(1000 — x) = 6000: 


or 12x -—“3x + 3000 = 6000 
je oe Ox = 3000 
Y= ws = 333.3 mL 


So, = (1000 ~ x) = (1000 — 333.3) = 666.7 mL 

1.é.,333.3 mL 12 N HCI and 666.7 mL 3 N HCl are mixed. 
Example 8. 

solution of H,SO, of specific gravity |.84? 

(b) How many mL of 96 per cent sulphuric acid solution is 
necessary to prepare one litre 0.1N H,SO,? 

(c) To what volume should 10 mL of 96 per cent H,SO, be 
diluted to prepare 2.N solution? 


Solution: Mass of | litre of H,SO, solution 


= Vol. x Density 
= 1000 x 1.84 = 1840 2 


Mass of H,SO, present in one litre 96% H,SO, solution 


(a) What is the normality of a 96 per cent 


sxe | 


= 8 x 18402 1766.4 g 
100 


Strength of H,SO, solution = 1766. 4 g/L © 
Strength 1766.4 


(a) Normality = ——=— = —_— = 36.05 N 
Eq. mass 49 

(b) Let the volume taken be VY; mL 

Applying NV, =N3V2 

N, =36.05N, Y=? Nz =". V, = 1000 mL 


36.05, = a x 1000 


1000 


So, ea 2 2TT mL 
EE pay ae yes Vee ee 
= aL of H,SO, is diluted to one litre. 
(c) " NgVg = NyV, 


Before dilution After dilution 


10x San x2 
= 180.25 mL 
i.e., 10 mL of given ee is diluted to 180.25 mL. 
Example 9. 250 mL of x M solution and 500 mL of yM 


solution of a solute A are mixed and diluted to 2 litre to produce a. 


final concentration of 1.6 M. 
fx: y=5:4, calculate x and y. . 


We know that, 
MV, +MY, =Mp, +¥2) 
xX 250+ yx 500= 1.6 (2000) 


Solution: 


x+2y=1.6x8 
’ . x+2y= 12,8. 
x 12.8 
—~+2=—_ 
¥ y 
ae 8 
4 y 
13 128. 
4 oy 
7 12.8x 4 3.94 
13 
Similarly, x= 4.92 


Example 10. 268x107 mol of a solution containing an 
. ion A"* required 1.6x 10° mol of MnO; for oxidation of A”* to 
AO; ion in acid medium. What is the value of n? 
‘Solution: A” is oxidised to AO} 


Change in oxidation number = S(in AO} se n(in A mt ) 


=5-n (i) > 
2.68x 10 mol of A” ion react with 1.6x 107 mol of MnO; : 


ions 


FEE EO TTL EE OES SEE LITE TE EE ALE 
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16xio. 


“1 mol of A” ion will react with ~e 
; oO 


mol of MnO, ions ~ 


=0. ae mol of MnO; ions 


2K Mn 0, + 3H, 80, 3 SO, + 2Mn SO, + 3H,0+ 5[0] 


Number of equivalents of MnO] used in oxidation of 4”* to 
AO; = 0.597 x 5 = 2.985 = 3 
Thus, from sduation (i), 5-n=3 
n=2 


LLUSTRATIONS OF OBJECTIVE QUESTIONS 


1. An clement X having equivalent mass E forms a general 
oxide X Ons its atomic mass should be: 


2En E ME 
: a)-—— b)2mEn (ec) — d) —— 
AF men OO 
Sl tA nee — 
(Hint: Amount.of X that combines with 8 g of oxygen, 


m x Atomic mass 
nx2 


, Atomic mass = as ] 
m 


Le, 


E= 


2. In the reaction, 
FeS, + KMnO, + H* = + SO, + Mn?" + H,O 
the equivalent mass of FeS, would be equal to: 


(a) molar mass (b) we 
. molar mass molar mass. 
a oa ar 
[Ans. (c)] 


(Hint: Fe?* —>Fe* +e; $3) —>28** +100 
FeS, ——> 28** + Fe** + 11e 
Equivalent mass of FeS, = wees 
3. The equivalent mass of H,BO, i in its reaction with NaOH to 
form Na,B 4Q; is equal to: i 
(a) molar mass/4 
(c) molar mass/2 
[Ans. (d)] 
[Hint: Boric acid is a monobasic acid. 
Hence, Equivalent mass = Molar mass] 
4. For the reaction, N,(g) +3H,(g)—— 2NH;(g), if 


molecular masses of NH, and N, are M, and M3, their 


(b) molar mass/3 
(d) molar mass 


equivalent masses are E, and E,, then (EZ, ~ E, )is: 
OM. — 
, @ (b) M, - 
(c) 3M, - (d) M, - 3M, 
[Ans. (a)] 
{Hint: Equivalent mass of No, i.2, £) = “2 
; ‘ M, 
Equivalent mass of NH, ie, £, = cs 
Then, Bowe oe eM 


comet ob pen ee apa A OER AIEEE QOS SD 2 AEE SEIU LUE BRE UR Me DSTA ae 
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X g metal gave Y g of its oxide. Hence, equivalent mass of 
the metal is: 


a 
(a) as | x8 | x8 
Y~-X; 
@[2*)xs (gjoxs 
\. Y 
[Ans, (a)] 
[Hint: Mass of oxygen in the oxide = (Y - X) 


«8 g oxygen will combine with 7 a x 8 g metal. 


e-( x 8] 


KMn0O, (m.w. = 158) oxidises oxilic acid in acid medium to 


5C,07° May eee —10CO, + 2Mn2* 48H, O 
What is the equivalent weight of KMnO,?[CET (J&K) 2006} 
(a) 158 (b) 31.6 (c) 39.5 (d) 79 
[Ans, (b)] 

[Hint: MnO; ——> Mn?* 
"(Oxidation number (Oxidation number - 
of Mn = +7) of Mn = +2) 
Equivalent mass of KMnO, = Moeule ee 
: Change in oxidation number 
ay Es 31.6] 
§.-% 


The formula mass of.Moht’s salt is 392. The iron present in it 
is oxidised by KMnO, in acid medium, The equivalent mass 
of Mohr’s salt is: 


* (a) 392 (b) 31.6 (c) 278 ~— (d):156 
_ (Ans. (@)] 
[Hint: Formula of Mohr’s salt: FeSQ, -(NH,).S0, - 6H,0 


Oxidation of Fe** ions take place as: 
5Fe** + MnO] + 8H* ——> 5Fe** + Mn?* + 4H,0 
Change in oxidation number of Fe = + 3 - (+2)= +1 
Molecular mass 
Change in oxidation number 


| = 2 2392) 


Equivalent mass of Mohtr’s salt = 


In a redox reaction, dichromate ion (Cr,03") is reduced to 
o+3+ ign, the equivalent mass of K,Cr,O, in this reaction is: 
(EAMCET 2007) 


molecular mass molecular mass 


a) b 

er eee 

, . molecular mass molecular mass 
(c) at ail (d) paces lee 
[Ans. (b)] 

[Hint Cr,02- + 14H* + 6e” —> 2Cr* +7H,0 


Change in oxidation number = 6 


Molecular mass 


~. Equivalent mass = 6 
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145 ACID-BASE TITRATIONS: 


‘The determination of concentration of bases by titration with a 
standard acid is called acidimetry and the determination of - 
concentration of acids by titration with a Sunder base is called 
alkalimetry. 

The substances which give different colours with acids and 
bases are called acid-base indicators. These indicators are used in * 
the visual detection of the equivalence point in acid-base 
titrations. The acid-base indicators are also called pH indicators 
because their colour change according to pH of the solytion. 


pH Range of Indicators 

: . Colour of indicator 

. Indicators | pH range : 
oNeg ane $= 44- 

Bromo phenol blue 3-46 Yellow Blue 
Methyl red 42-63. Red Yellow 
Litmus 4 5-8 | Red Blue 
Bromo-thymol blue 6-7. | Yellow ~ ; Blue 
Phenol red 83-10 _ Colourless Pink 
Thymol phthalein “/~8:3-10.5 | “Colourless | Blue 


In the selection of indicator for a titration, following two 
informations are taken:into consideration: 

(i) pH range of indicator. 

(ii) pH-change near the equivalence point in the titration. 

The indicator whose pH range is included in the pH change of 
the solution near the equivalence point, is taken as suitable 
indicator for the titration. 

(i) Strong acid-strong base titration: In the titration. of 
HCI with NaOH, the equivalence point lies in the pH change of 
4 -10. Thus, methyl orange, metoy! red and bpieatoniie en will 
be suitable indicators. : 

(ii) Weak acid-strong base titration: In the titration of 
CH,;COOH with NaOH the equivalence point lies between 7.5 
and 10. -Hence, phenolphthalein (8.3— 8) will be the’ suitable 
indicator. 


(iii) Weak base-strong acid titration: In the titration of 


_ NH,OH (weak base) against HCl (strong acid), the pH at 


equivalence point is about 6.5 and 4. Thus, methyl orange 
(3.1—4.4) or methyl red (4.2-6.3) will be suitable indicators. 

(iv) Weak acid-weak base titration: In the titration of a 
weak acid (CH; COOH) with weak base (NH, OH) the pH at the 
equivalence point is about 7, i.e., lies between 6.5 and 7.5 but no 
sharp change in pH is observed in these titrations. Thus, no 
simple indicator can be employed pe the derecuon of the 
equivalence point. 

(v) Titration of a salt of a ‘weak acid and a strong base 
with strong acid: 

H,CO, + 2NaOH —~> Na,CO, + 2H,0 
Weak acid Strong base 

Na,CO, when titrated yan HCl, the following two eabee are 
involved: 7 

Na,CO, + HCl—> NaHCO; + NaCl (First stage) 

pH = 8.3, near equivalence point 
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NaHCO, + HCI—> NaCl +H,CO, (Second stage) DP gag-3 N,x12 
pH = 4, near equivalence point 10 - 
For first stage, phenolphthal ein and for second stage, mony) Re a 0.125 
orange will be the suitable indicator. > 10x 12 


Normality x Eq. mass = Strength (g/L) 
Strength = 0.125 x 49 = 6.125 g/L 


Example 12. 4.9 ¢ of H,SO, is present in 100 mL of the 
solution. What is the molarity of the solution? Calculate its 


14.6 TITRATION OF MIXTURE OF NaOH, 
Na,CO, AND NaHCO, BY STRONG 
ACIDLIKE HCI ~*~ 


Y hy * normality also. 
In this titration the following indicators are mainly used: ats : 49 : 
(i) Phenolphthalein (weak organic acid): It shows colour Solution: Strength (g/L) of H,SO, = 700. 1000 = 49 
change in the pH range (8-10). Strength 49 
{ii} Methyl orange (weak organic base): It shows colour Molarity = ————— =— =05M 
change in the pH range (3.1- 4.4). Due to lower pH range, it Mol.mass 98 


indicates complete neutralisation of whole ofthe base. _-... Normality = #-x Molarity-—.—_- —--_--+_. _____. 


‘S.No: Base} Phenolphthalein.  - Methylorange 7 Mok-mass 98 5 
i 7 i 7 = £ 
1. ‘NaOH |Shows complete Shows complete . Eq. mass 49 . : 
i { ineutralisation, neutralisation, blot = 
NaOH +HCI> {NaOH + HC] > Nonnahty = 276020 
NaCl + HO NaCl + H,0 Hence, the H, SO, solution is | N. 
2. \Na,CO, ss half... -|Shows complete  - ~-—Example 13. 25 mL of N/10 caustic soda solution. exactly - 
neutralisation due to neutralisation, neutralises 20 mL of an acid solution containing 7.875 g of acid 
arts es jNa,CO; eqs ne eG per litre. Calculate the equivalent mass of the acid. 
1 |Na,CO, + =, © 2NaC}] + H,0+ >. Pare = 
| |" NaHCO, + NaCl oe OOM: eee: 
|- ; i : (NaOH) — (Acid) 
- 3. |NaHCO, |Shows no reaction Show complete reaction, . | 
| [ yNaHCO; + HCl > ; — x25=N, x20 
L ; NaCl + H,0 + CO, 
Let for complete neutralisation of Na,CO,, NaHCO, and N,= oo 0.125 
~ NaOH, x, yand z mL of standard HCI are required. The titration of 10x 20 
the mixture may be carried by two methods as summarised below: Strength = Normality x Eq. mass 
' | 
i: “Volume of HCI | se 001OID 
— | use d with Volume of HCI used Eq. mass of the acid = 0.125 = 63.00 
Mixture | Phenol- _ Methyl | Phenol- Masticngs.. Example 14. 150. mL of N/1O HCl is required to react 
‘phthalein | orange | phthalein ee Jetely with 1.0 / li Calculate th 
‘P | after first end ‘completely wi g of a sample of limestone. Calculate the 
i from | from — from | point - percentage purity of calcium carbonate. 
| beginning | beginning | beginning | 
ne ne er rs no aremsertannnrnne = = — A a 
1. NaOH lz-+ (x/2) x + 2) 2 go 'x/2 (for remaining Solution: 150 mL HCl =150 mL = CaCO; 
+ Na,CO, | je, 3 150% Na,CO,) .. ; 
.NaQH 240 ° (z+ 9) (+0) y(for 100% Nl ms Eas oe 
+ NaHCO s | remaining oP 40 +12+48 _100 
; oo iNBHEDs) Eq. mass of CaCO, = us = 50 
3. Na,CO, Gps 0 co y) - \Q/2)+ 0 1@/2)+ y(for 2 2 
+ NaHCO; i jremaining 50% of Mass of CaCO, present in 150 mL N/10 solution, 
; : 'Na,CO; and 100% an l 150 
: | nex | . (NaHCO, [NxEx 7] —X—— =0.7 
5 | tare indicated) 1000 10 1000 


ne Tr 1SOME SOLVED EXAMPLES\ $$$: : : * Purity = = x 100= 75% 


Example il. What is the str ength in g Per litre of a Example 15. 0.63 g of dibasic acid was dissolved in water. 
solution of sulphuric acid, 12 mL of which neutralise 15 mL of _ The volume of the solution was made 100 mL. 20 mL of this acid 
N/\Osodium hydroxide solution? ; 


; N : 
Solution: Applying NiV, = N2V> ; Solution required 1O0mL NaOH solution. What is the equivalent 


ee) AEDES mass and molecular mass of the acid? 
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Solution: NV, =NV, 


(Acid) (NaOH) 


Ny x 20= 2 10 


NaOH solution used by NH,Cl 
= (100 11.72) mL of 0.8 NNaOH 
= 88.28 mL of 0.8 N NaOH 
= 88.28 mL of 0.8 N NH,Cl | 


11001 Dia, 
a eerste . Mass of NH, Cl present in 88.28 mL of 0.8 N NH, Cl solution 
5§ 20 10 es, 
| _NXEXV _0.8x 53.5x 88.38 _ 
Strength of the acid solution = Eq. mass of the acid x Normality ~~ 1900. 1000 = 3.7783 g 
= EX = == g/L [Eq, mass éf NH,Cl = 53.5] 
E 100 &E _Example 18. A sample of Na,CO, -H,O weighing 0.62 g 
Mass of acid in 100 nL of the solution = — x = is added to 100 mL of 0.1N sulphuric acid. Will the resulting 
10 1000 100 solution be acidic, basic or neutral? (At. mass H =1, C=12, 
Mass of acid in 100 mL of the solution = 0.63 g (given) O=16, Na=23, S =32) 
So, a = 0.63 at E= 63 Solution: Mass of Na,CO, -H,O= 0.62 g 
is ieee ee ones ee) ee ee _No. 0. of g ‘equivalents = aa ieee =0.01_ —_ 
— a Mol. ee eaee Ba. mass-—~ ‘Eg. mass a ~ 
= 2x 63= 126 
[Eq. mass of Na,CO;: “H, O= =. = 62] 


Example 16, 10.875 g of a mixture of NaCl and Na,CO,; 
was dissolved in water and the volume made up to 250 mL, 20 mL 


of this solution required 75.5 mL of = H,SO,. Find out the 


percentage composition of the mixture. 


Solution: Only Na, CO, will react with H,SO,. 
Applying NV, = NV, 
(NajCO3) (H2S04) 
N, x 20=75.5x 4 
10 
= iS = 0.3775 
20x 10 
Na,CO,; +H,SO, ——>» Na,SO, +H,0+CO, 
] mol. mass 2g eq. 


Eq. mass of Na,CO, = - = 53 


Mass of Na ,CO, present in 250 mL 0.3775 N solution 
_NXEX¥ _ 0.3775 x 53 x 250 
1000 1000 
= 5.0018 g 
Mass of NaC} = (10.875 — 5.0018) = 5.8732 g 


Na,CO, = 22018 x 100 = 45.99% 
10.875 


5. a x 100 = 54.0% 


‘NaCl = 


Example 17. A quantity of ammonium chloride was 
heated with 100 mL of 0.8N NaOH solution till the reaction was 
complete. The excess of NaOH was neutralised with 12.5 mL of 
0.75 N H,SO0,. Calculate the quantity of ammonium chloride. 

Solution: 
12.5 mL of 0.75 NH,SO, = 12.5 mL of 0.75 NW NaOH 
12.5 mL of 0.75 N NaOH = 11.72 mL of 0.8 NW NaOH 


No. of g equivalents of H,SO, in 100 mL = sad x 100 


22001 
10 


Both the substances are present in same equivalent; they will 
completely neutralise each other and hence, the resulting solution 
will be neutral. 


- Example 19. A solution containing 42 g of KOH and 
Ca(OH), is neutralised by an acid. If it consumes 0.1 g 
equivatents of the acid, calculate the composition of the sample. - 


Solution: Let mass of KOH be present in mixture = ag 
and Mass of Ca(OH), = (4.2— a) g 
Eq. mass of KOH =56; Eq. mass of Ca(OH), = =o = 37 


2 


g equivalent of KOH + g equivalent of Ca(OH)» 
= g equivalent of the acid 


a (4.2-a) -01 
56 37 
or 37a — 56a = 0.1 k 56« 37- 4.2 x 56 
or 19a = 28 
Paes Fo) 
19 


Mass of KOH in the sample = 1.47 g 
_ Percentageof KOH=35 | 
and ‘ Percentage of Ca(OH), =100 ~ 35 = 65 


Example 20. 40m of HCl is exactly neutralised by 20mL 
of NaOH solution. The resulting neutral solution is evaporated to 
dryness and the residue is found to have a mass of 0.117 g. 
Calculate the normality of the HCl and NaOH. 

HCI + NaOH —> NaCl + H,O 
36.5 40 58.5 


tg eq. lg eq. Tz eq. 


Solution: 


910 


Mass of Na€l obtained = 0.117 g 
Bq. mass of NaCl = 58.5 


No. of g equivalents of NaCl = ouN7 - = 0. 002 


ma hus, 0,002 geq. se HCl will react with 0.002 g eq. ‘of NaOH 
to form 0. 002 g.eq. NaCl. 


0.002 


Normality of HCl = x 1000 = 0.05 N 


Normality of NaOH =. 


x 1000 = 0.10 NV 


* 


0.002 
2 


- Example 21. 1.03 g mixture of sodium carbonate and 
calcium carbonate require 20 mL N HCl for complete 
neutralisation. Calculate the percentage of sodium carbonate 


~~ -and-ealeium-carbonate-in-the given mixture, nnn ane 
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250 mL of the sodium carbonate solution contains = 1.325¢ 
1000 mL of the sodium carbonate solution contains 


~~ Solution: Na, CO, + _2HCl > 2NaCt + H,0 + CO; 


106 2x 36.5 
Eq. mass 53: 36.5 
: Ygeq. 1 geq. 
CaCO, + 2HCI — > CaCl, + H,0+CO, 
100 2x 36.5 
Eq. mass . 50 36.5 
1 g eq. 1 geq. 


_ Let x g CaCO, be present in the mixture. 


’ Mass of Na,CO; in the mixture = (1.03 ~ x) g 


No. of g equivalents of CaCO, = a 


No. of 8 aaivalets of Na,CO, a 
No. of g saabualeains in 20 mL N HCl= DOr Vor 
1000 
_1x20_ 1 
* 1000 50 


At equivalence point, 


No. of g equivalents of CaCO, + No. of g equivalents of 
Na,CO, =No. of gram equivalents of HCi 


xy 1.03-x 1 
50° 53.~«50 
or | x= 0.50 
CaCO; = 0.508, 4 CaCO, = 100 = 48.54 


Na,CO, =0.53 g, Nat; = Gg x100= 51.46 


Example 22. 1.325 ¢ of anhydrous sodium carbonate are 
dissolved in water and the solution made up to 250 mL. On 
titration 25 mL of this solution neutralise 20 mL of a solution of 


sulphuric acid. How much water should be added to 450 mL of 


this acid solution to make it exactly N/12? 
Mol. mass 
2 


Solution: Eq. mass of Na,CO,; = << = 53 


= 13258 1000= 5.300¢ 
25 
Normality of Na,CO, solution = mente) 
A : ; ne Eq. mass 
_530_ 1 
33 1 
Applying NV, = NV, 
(Na2C03) (H2804) 
14952 N, x20 
10 
25, _! 
ee Oe oe lca 1 1 eT ee 
“Applying. -NjV,_ = N4Vg 
_ (Before dilution) (After dilution) 
% mo 
A, 450= aS XV, 
8 12 
y= 0X2 gsm ee 


Water to be added for dilution = (675 ~ 450) = 225 mL 


~-Example 23. A sample of sodium carbonate contains 
sodium sulphate also. 1.5 g of the sample is dissolved in water 


- and volume raised to 250 mL. 25 mL of this solution requires 20 


mL .of ~ H,SO, solution for neutralisation. Calculate the 


percentage of sodium carbonate in the sample. 


Solution: Only Na,CO, will react with H,SO,. 
Applying NV, = NV 
ve (Na2.CO3) (H2S04) 


N, x25=20x+ 
: 10 


on ae = 0.08 
. 25x10 
Eq. mass of Na,CO, = wee = = = 53 


Mass of Na,CO, present in 250mL 0.08 N solution 
_NXEXV¥. 0.08x 53x 250 
1000 1000 


= 1.06¢g 


Percentage of Na a0) in the mixture = = x 100 = 70.67 


Example 24. Jn a sample of sodium carbonate some 
sodium sulphate is also mixed. \.25 g of this sample is dissolved 
and the volume made up to 250 mL. 25mL of this solution 


neutralises 20 mL of 10 sulphuric acid. Calculate the percentage 


of sodium carbonate in the sample. 


- VOLUMETRIC ANALYSIS 


Solution: 25 mL of sample solution neutralises 
= 20 mL al H,S0, 
10 
"250 mL of a solution will neutralise 


= 200 mi © 59 280s 


200 mL H,SQ, = 200 mL = Na,CO, solution 


911 


_NXEXV _ 1x (90+ 18x) x 25 
~ 1000. 15x 2x 1000 
_ (90 + 18x) 
~ 1200 
(90+ 18x) ae: : z 
Actually ere g oxalic acid is present in 16.68 mL 
solution. , 


— 250 mL of the solution contains oxalic acid 


ExNxV 
Amount of Na,CO, present = 1 = (90 + 18x) x 250 21575 (given) 
: 53 x 200 Ag 1200 x 16.68 | 
10x 1000 fe 90 + 18¢ = 175% 1200 16.68 _ 196 
1.06 : 250 
7 as a i = ee ei Te (| ee 
— at Exam ple-25,—1-25-2-of-a-metal-carbonate-is-mixed with —— ee, a iy, 


300mL of — oo 10mL of x sodium hydroxide were e required to 


aibeisee excess of the acid. ee the equivalent mass of the 
metal carbonate. 


: Solution: 10 mL of : NaOH solution 
ON bh 
=10mL ae — HC! solution 
=50 mi: ae — = HCI solution 
Volume of — ie used for neutralisation = 300 — 50= 250 mL 


250 mL ae 10 HCl = 250 mL of 10 metal carbonate solution 


Let thé equivalent mass of metal carbonate be E. 
Mass of metal carbonate present in solution - 


eB gp 
1000 
se Ix Ex 250 _ 1.725 
10x 1000 
af eas 
40 


E = 40x 1.725 = 69 


Example 26, 1.575 g of oxalic acid (COOH), :xH,O are 
dissolved in water and the volume made up to 250 mL. On 


titration 16.68 mL of. this solution requires 25 mL of ~ NaOH 


solution for complete peitralisation: Calculate x. 
Solution: 


25 mL of a NaOH solution = 25 mL of N, oxalic acid 
15 15 solution 


Mass of oxalic acid present in 25 mL of al oxalic acid 
15 solution 


‘- ‘Example27. 25 mL of a mixture of NaOH and Na,CO, 
when titrated with N/1Q HCl using phenolphthalein indicator 
required 25 mL HCl. The same volume of mixture when titrated 
with N/10 HCl using methyl orange indicator required 30 mL of 
HCl. Calculate the amount of Na,CO, and NaOH in one litreof-—~" 
this mixture. 


Solution: When phenolphthalein is the indicator, whole of 
NaOH has been neutralised and carbonate converted into 
bicarbonate, i. ¢., 


NaOH + HCl ——> NaCl + H,0 


Na CO, + HCI-—> NaHCO, + NaCl 
"So, 25 mL a HCI = NaOH + 1/2 Na,CO; present in 25 ml. of 
mixture : E 


In another titration when methyl orange is the indicator, whole 
of NaOH has been neutralised and carbonate converted into 
carbonic acid, i.e., 


Na,CO, + 2HCl —> 2NaCl + H,CO, 
30 mL = HCl = NaOH + Na,CO, present in 25 mL of mixture 
Hence, + ates, 


(30- 25) mL ~ HCl = ; Na ,CO, present in 25 mL of mixture : 


Hence, : 
10 mL = HCl = Na,CO, present in 25 mL of mixture 
Ny. | 
=10 mL 0 Na,CO, solution 
Amouut ok NasOO, So 20083 ¢ 
10 x.1000 


This amount of Na,CO, is present in 25 mL of mixture. 


The amount present in one litre of mixture 


— 9.053 , 1000 = 2.128 
25 
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(30-10)mL ~ HCl = NaOH present in 25 mL mixture 


= 20 mL N NaOH 
10 


Amount of NaOH in 25 mL of mixture = 40x 20 


x 1000 


= 0,08 g 
10 2 


The amount present in one litre of mixture SS x 1000 = 3.20 g 


’ Example 28. 25 mL of a mixture of NaOH + Na,CO,j, 
when titrated with HCl using phenolphthalein indicator 


required 25mL HCI to decolourise phenolphthalein. At this stage 
methyl orange was added and addition of acid was continued. 
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Amount of Na ,CO, = “— x 1000 = 5.3 g/L of mixture 


Between first and second end points, ° 
‘ = 2.5 mL of 0.2 M H,SO, used 
= 2.5 mL of 0.4 N H,SO, used 
=5 mL. of 0.2 N H,SO, used 


; Na,CO, + NaHCO; present in 10 mL of mixture 
(5~ 2.5) mL 0.2 NH,SO, 
= NaHCO, present in 10 mL of mixture 


= 2.5 mL 0.2 N NaHCO, 


The second end point was reached after further addition of 5 mL _ 02 x 84 x 25= 0,042 g 
of the acid. Calculate the amount of Na,CO, and NaOH in one 1000. 
mae litre of the solution, ye. eee mi QA iar ns _ —— 
Solution: Between first and second end points, ~~ “Amount of” NaliCO;= = 


‘NaHCO, + HCl —-> NaC! +H,CO, 


~ 5 mL = HCl= 7 Na,CO, present in 25 mL of a mixture 


or 10 mL “ HCl= Na Ree) 3 present in 25 mL ofa ni ire 


=10 mL Na,CO, = 0.053 g Na, TO, 
: Been pts 0.053 
Amount of Na,CO, in one litre of mixture = x 1000 
=2.12g 


(25- 5) ml HCI =.NaOQH fesent in 25 mL of mixture 


= 25 ar es — NaOH 
10 


= 0.08 g NaOH 


Amount of NaOH in-one litre of mixture = ae x 1000 


=32¢ 
_ Example 29. A shutter contains Na,CO, and NaHCO . 10 
mL of the solution required 2.5 mL of 0.1 M H,SO, for 
neutralisation using phenolphthalein as indicator. Methyl orange 
__ is then added when a further 2.5 mL of 0.2 M H,SO, was 
. required. Calculate the amount of Na,CO, and NaHCO, in one 
litre of the solution. 


Solution: 2.5 mL of 0.1 44 H,SO, = 25mL of 0.2 NH,SO, 


= ; Na CO, present in 10 mL of mixture 


So, 
5 mL of 0.2 N H,SO, = Na,CO, present in 10 mL of mixture 
“#5 mL of 0.2 N Na,CO; 
= PONS 5 053% 
1000 — 


, HCI solutions. 


~ Example 30. Calculate the normality of a solution. 


obtained by mixing 100mL aH 2504, 50 ml. 2 HINO, and 25mL 


Solution: Let the final normality be N. 


_ Total volume = (100+ 50+ 25)=175 mL 


So, 175x N= NV + N2V, + N3Vs 


(H2$04) (HNO3) _. (HCI) 


} \ 
-(100% 1) +(sox +(25%3] 
10 2) 5 


= (10+ 25+ 5)= 40 
N= AO 2 0. 2286 
175 
Hence, nial of solution = 0.2286 N 


' Example 31. 0.5 g of fuming H,SO, (oleum) is diluted 
with water. This solution is completely neutralised by 26.7 mL of 


0.4 N NaOH. Find the percentage of fi ‘ee SO, in the sample 


solution. 
Solution: Oleum consists of SO, and H,SO,. 


Let the mass of SO, in the given sample of oleum be = x g 
Mass of H,SO, in the given sample of oleum = (0.5 - x) g 


Eq. mass of SO, = - = 40 


No. of g equivalents of SO; = mn 


[2NaOQH + SO, —> Na,SO, + H,O 
2NaOH + H,SO, —>Na,SO, +2H,0] 


Eq. mass of H,SO, = > = 49 


No. of g equivalents of H, SO, = (0. = x) 


~ 82 1000.20 go mint 
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4 (0.5=%) 5-x) 
49 
26.7 mL of 0.4 N NaOH contain no. of equivalents of NaOH 


Tatal no. of g quivalents= = ae 


At equivalence point, 
(0.5—x) 
49 

0.4x 26.7 _ 49x + (40x 0.5- 40x) 
1000 40x 49 - 
_ 0.9328 


No. of g equivalents of NaOH = a + 


So, 


= 0.1036 


Hence, % of Tee SOR= = tS x 100 


| 913 


Reaction: 2Al +3H,SO, —»Al,(SO,); +3H,: 


. 2x27 3x 98 
H,SO, required for dissolving 2.7 g Al 
_ 3x98 
2x 27 


xX2.7=14.72 


H,SO, left unreacted = (21.895 — 14.7) g = 7.1595 g 
7.1595 g H, »S0, is present in 400 mL , 
Amt. ‘of Hy 5 SO, present in one litre = Ts 1000 g 
400 
= = 17.898 g 


No. of g moles of ee = = 17898 0, = 0.1826 


= 20-72 


Example 32. 0.789 g of crystalline barium hydroxide is | 


ease in water. For the neutralisation of this solution, 20mL 


of 2 7 HNO, is nequnigs How many molecules of water are 


Melia in one g mole of this base? (Ba = 137. 4,0=16,N= 1a 
=1) 


Solution: Let the molecular formula be Ba(OH), -xH,O 


Mol. mass of Ba(OH), -xH,O = 1374 + (2x 16) + 2x 14 18% 


=171.4 + 18% 
171.4 + 18% 


Eq. mass of Ba(OH), -xH,O= 5 


20 mL - HNO, = 20 mL - Ba(OH), -xH,O 


(171.44 18x) 


Amount of Ba(OH)., -xH,O0= 


2x4 ‘1000 
_ 171.4 + 18x 

400 
Amount of Ba(OH).-xH, 0 = 0.789 g 
Hence, Leas = 0.789 

400 
or 171.4 + 18x = 0.789 x 400 
po hoes 
18 


Thus, 8 g moles of water molecules are present in one g mole 
of the base. 


. Example 33. A piece of aluminium weighing 2.7g is 
heated with 75 mL of H,SO, (spi. gr. 1.18, containing 24.7% 
H,SO, by mass). After the metal is carefully dissolved, the 
solution is diluted to 400 mL. Calculate the molarity of the free 
H,SO, in the resulting solution. 


24.7 


Solution: Mass of H,SO, = 00: X75 X1.18- 


= 21.8595 g 


nes —jeclide SPIE SO = 01826 


Example 34. 0.50g of a mixture of K,CO, and Li,CO, 
requires 30 mL of a.0.25 N HCI solution for neutralisation. What 
is the percentage composition of the mixture? 


Solution: K,CO, + 2HCl —> 2KCI+H,0+CO, 
138 2x 36.5 pean 
Eq. mass ° 69 36.5 : 
Li,CO, + 2HCl —>2LiCl + H,0+ CO, 
14 2x 36.5 
Eq. mass 37 36.5 


Let x g of K,CO3 be present in the mixture. 
Mass of Li,CO, = (0.50- x) 
No. of g equivalents of K,CO; = z 


(0.50— x) 


No. of g equivalents of Li,;CO; = 9 


No. of g equivalents in 30 mL of 0.25 N HCl 


_ Normality x Volume _ 0.25 x 30 
1000 1000 
ot 
400 


At equivalence point, 
an (0.50-x) 3 
69 37 400 
So, x= 0.48 
K,CO; =0.48 g; or 96% 
Li,€CO, =0.02 g; or 4% 
SmL of 8N nitric acid, 4.8 mL of 5N 


Example 35. 


; hydrochloric acid and a certain volume of 17 M sulphuric acid 
are mixed together and made up to 2 litres. Thirty mL of this acid 


mixture exactly neutralise 42.9mL of sodium carbonate solution 

containing one gram of Na,CO,-10H,O in 100 mL of water. 

Calculate the amount in grams of the sulphate ions in solution. 
Selution: Molecular mass of Na,CO, -10H,O= 286 


286 


Equivalent mass of Na,CO; -10H,O= =143 


914 GF. 


100 mL solution of sodium carbonate contains =1 g 
1000 mL solution of sodium carbonate contains = 10 g 


Normality of the solution = —- 
Applying the formula, 
Normality of acid solution x its volume 
= Normality of sodium carbonate solution x its volume , 
. 10x 42.9 _ 
143 x 30 
Let V mL be the volume of H,SO, taken. 
8X 54+4.8x 54+ 34xV =0.1x 2000 
V=4mL 
Normality x Eq. mass x Volume 
AN 


Normality of the acid solution = 


____Amount of SOf = 


0.07. . g of H,SO, will require 


[ete umonnt of Clin lead-acid iat: he yg. _______ 


1000 
Example 36. 2.26 g of an ammonium salt were treated 
with 100 mL of normal NaOH solution and boiled till no more af 
ammonia gas was given off..The excess of NaOH solution left 
a over required 60 mL normal sulphuric acid. Calculate the 
percentage of ammonia in the salt. 
Solution: 60 mL normal H,SO, = 60 mL normal NaOH» 
Thus, (100-60) mL normal NaOH were consumed by 
ammonium salt. 
So, 40 mL normal NaOH = 40mL normal NH, 
Amount of NH, in 40 mL normal NH, 
_ Eq. mass of NH, x 40 
1000 
17x 40 


2 _ = = 0.68 
1000 


So, % of ammonia in the ammonium salt = .s x 100 


‘= 30.09 


Example 37. 10mL ofa solution containing sulphuric acid 


and hydrochloric acid required \6 mL caustic soda solution for 


neutralisation. On adding excess of barium chloride to 20 mL of 

the same solution of the mixture of the two acids it gives 0.3501 g 

barium sulphate. What is the amount of hydrochloric acid per 

litre in the mixture of acids? (Ba=1374, S=32, O=16, 
= 35.5) 


Solation: Mol. mass of BaSO, = (137.4 + 32+ 64)= 233.4 


H,SO, + BaCl, ——> BaSO, + 2HCI 
8e ) 233.49 


233.4 g of BaSOQ, is ae from = 98 g of H,S0, 


0.3501 g of BaSO, is obtained from = 28 ; x 0.3501 


= 0.147 g of H,SO, 
20 ml. of acid mixture contains 0.147 gotH,So, 


. _ xg HCl will require = 
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So, 10 mL of acid mixture contains 0.0735 g of H,SO, 
Amount of NaOH in 16 mL = NaOH solution 


_EXNXV 


1000 
_ 40x16 © 


~ 8x 1000 


H,SO, + 2NaOH —— > Na,SO, + 2H,O 
982 2x 40 =80¢ 7 


Thus, 98 g of H,SO, require = 80 g of NaOH 
-~ x 0.0735 g of NaOH 


= 0.06 g of NaOH _ 


HCI + NaOH —-» NaCl + H,O 
365g 40g 


36.5 g HCl require = 40 g of NaOH 
eo ygofNaOH. 
36.5 — 


= ],0958 x g of NaOH e 
1.0958x + 0.06 = 0.08 

_ (0.08 — 0.06) 

"1.0958 


Amount of HCI present in one litre of the acid solution 


_ 9. — 1000 = 1.825 


Example 38. 4A small amount of CaCO, completely 
neutralises 525 mL of 0:1 N HCl and no acid is left in the end. 
After converting all calcium chloride to CaSO,, how much 
plaster of Paris can be obtained? (Dhanbad 1991) 

Solution: : 
525 mL of 0.1 N HCl 


= 0.01825 g 


=525 mL of 0.1 N CaCl, 
=525 mL of 0.1 N plaster of Paris 
Molecular mass of plaster of Paris = CaSO, 5 H,O= 145 


Equivalent mass of plaster of Paris =  - 272.5 
Mass of plaster of Paris in $25 mL of ON: solution 
_NXEXV _ 0.1% 72.5x 525 
1000 1000 
= 3.8062 


Example 39. 25 mL of 0.107 M H,PO, was titrated with 

0.115.M solution of NaOH to the end point identified by indicator 

‘ bromocresol green. This required 23.1 mL. The titration was 

repeated using phenolphthalein as indicator. This tine 25 mL of 

0.107M H,PO, required 46.2 mL of the 0.15M NaOH. What is 
the coefficient * a‘in the following reaction? 


H,PO,+nOH~ —->[H,_,PO,)" +nH,0 
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Number of milliequivalents of H;PO, 
= 25x 0107 xn. 
=2.675Xn 
In first titration: Number of milliequivalents of OH” used 
= 23,1x 0.115x 1= 2.66 
(Acidity of NaOH = 1) 
e etna titration: Number of milliequivalents of OH” used 


= 46.2x 0.115x 1= 5.313 


Solution: 


-. In first titration: 2.675 x n = 2.66 
Le, n=] 


‘, In second titration: 2.675 x n= 5, 313 


Tene es Fees es 


~~ Example 46; - 11.2 g carbon re 
‘litre O at NTP. The cooled gases are paseo through 2 litre of 2.5 2: 
N NaOH solution. Calculate concentratien of remaining NaOH 
‘and Na,CO, ‘in solution. (CO does not react with NaOH under 
these conditions.) 

. Solution: . Let x moles of carbon be converted into CO and y 
moles of carbon be converted into CO}. 


c+40;—>co 
2 


x xf2 


Cc +0, —> CO, 
¥ ¥ x : 
Total volume of oxygen used = z x 22.44 yx 224 


= 19.63 
L1.2x+ 22.4 y= 19.63 . 1 
xt yeas ie, 12x+12y=112 ... (ii) 


Solving eqs. (i) and (ii), we get 
| x=0.11, y= 0.82 


Number of moles of CO, formed = 0.82 


Number of milliequivalents of NaOH solution ee which 
CO, i is massed = N x V = 2.5x 2000 = 5000. 


Number of milliequivalents of CO, passed = 0.82 x 2x 1000 
= 1640 
2NaOH + CO, ——» Na,CO,; + H,O 
Number of milliequivalents of Na,CO, = 1640 
_ 1640 
Na,CO3 = Zao, = V- 
Number of milliequivalents of remaining NaOH 


= 5000 — 1640 =3360 


Normality of remaining NaOH = ae 1.68 
2000 


ILLUSTRATIONS OF OBJECTIVE QUESTIONS 


3. How many grams of NaHCO, are required to neutralise | mL 
of 0.0902 N vinegar? 
(a) 8.4x 107 g 
(c) 0.758 x 107 g 
[Ans. (c)] 
{Hint: Number of equivalents of NaHCO, 


(b) 1.5107 g 
(d) 1.07 x 107 g 


= Number of equivalents of acid 
_ NV._ 0.0902 x1 
1000 ~—-:1000 
0.0902 x 1x 84 
1000 
Fo Oar. 2 |) Ralls SASS Ee See a = 
10.0.7 1g of Na Cocalo ix sci te ae -gna theses a 
volume made up to 100 mL, 20 ml. of it required 19.8 mL of 


Mass of ete = 


a HCI for complete neutralisation. The value of x is: 


(a)7 (b) 3 
(c) 2 er (d) 5 pee 
[Ans. (c)] 
’ {Hint: Number of saa of Na,CO,- -xH,O0 in 20 mL 
=198x — 
10 
= 1.98 : 
«. Number of milliequivalents in 100 mL = 1. 98 x5=99 
ua MS 1000s 69 
Equivalent mass 
7 51000 =9.9 
M12 
M = 141.40 | 
(Molar mass of Na,CO,- a 
106 + 18x = 141.40 
x=2] 


It. Caleilate the equivalent mass of Na,CO, 
, against HCl in presence of phenolphthalein. 


when it is titrated 


(a) 106 (b) 53 

(c) 26.5 (d) 212 

[Ans. (a)} . 
[Hint: The reaction invelved is, 


Na,CO, + HCl —~ NaCl + NaKCO, 
Equivalent mass of Na,CO, = a = 106] 


12, 1 mol H,SO, will exactly neutralise: 


(b) 1 mol of Ba(OH),_ 
(d) 2 mol of KOH 


(a) 2 mol of ammonia 
(c).0.5 mol of Ba(OH), 
[Ans. (a, b, d)} 
[Hint:  2NH, + H,SO, —>(NH,), sO, 
Ba(OH), + H,S0, ——> BaSO, + 2H,0 
2KOH + H,SO, —> K,SO, + 2H,0] 
13. Which of the following gives equivalent mass of Na,CO, 
when titrated against HCI in the presence of methyl orange? 


916 G.R.B. PHYSICAL CHEMISTRY FOR COMPETITIONS 
(a) 5.3 (b) 53 ; m Xn, 4x2 4 
. 2 . n-factor = = = 
—(c) 10.6 (d) 106 ; . mtn, 442 3 
*. (Ans. (b)] i : 
: Methy! orange _ Equivalent mass of H, PO, = Molecular mass 
[Hint: Na CO, + 2HClL—————— _2NaC1 + H,O+ CO, aa n-factor 
Equivalent mass = molecular mass/2 = 106/2 = 53] Zit os 3m 
4/3 4 


14.7 REDOX TITRATIONS a. 
Oxidimetry: The determination of the strength of a solution of 14.8 IODOMETRIC AND IODIMETRIC 


a reducing agent by titration with a standard solution of an TITRATIONS 

oxidising agent is called oxidimetry. (Titrating solution is Na, S,03 -5H,O called hypo.) 
Reductinietry: The determination of the strength of a (i) Estimation of I,: 
solution of an oxidising agent by titration with standard solution 
of reducing agent is called reductimetry. 1, + 2Na $03 2Nal + Na,5,0¢ 
‘esaciba ' . | Change in Eq. mass of Na,S,0, -5H,O=M.w,/1 
~—~“Oxidising | 3 oxidation; ——= St inaiion of Crs 
Agent (OA) | Reaction ~~ | ~P™™Pr equivalent | 2CuSO, + 4KI—>Cu,1,+2K,80, +1, 
Or involved Namberse mass . . 
Reducing ieseaddal 2Cu** +41" —> Cu, I, +1, 
Agent (RA) | . +} electrons Bue 
terns ell 7 | involved | . Eq. mass of CuSO, = M.w./1 
. - MQ Mio, + BH t5e > 2 a) ERS (iii) Estimation of MnO, present in pyrolusite: es oe 
{Acidic Mn?* +4H,O | 
medium OA) | MnO, + 4HCl1——> MnCl, + Cl, + 2H,O 
‘MnO, ' |MnQj + 2H,0 + 3¢ > 3 M.w./3 Cl, + 2KI-——» 2KC] +I, 
eutral MnO, + 40H” ae ee , 

TunEGwe ee : or’ MnO, +4H* + 2Cl” —3 Mn?* + 2H,0+ Cl, 
MnO; MnO; + & > MnO Po) Mw./I Cl, +217 —> 2cl" +1, : 
(Basic 7 . 
medium OA) Eq. mass of MnO, = M.w./2_ 

H,0, (OA) | H, 0, + 2H* + 2e > 2 Mw/2 . (iv) Estimation of available chlorine in bleaching powder: 
2H,0 
CaOCl, + H,O—— Ca(OH), + Cl 
H,0,(RA) |H,0, >0, + 2H* + 26° 2 M.w./2 — es 
F : —>2 
S,0}- (RA) |28,0} -> $,02° + 2e€ |} (per . Mw. Clacrnes core 
molecule) | Eq. mass of CaOCl, = M. w./2 
Ci, (OA) Cl, + 2&6 — 2c" 2 M.w./2 
(Obtained Hoi (v) Estimation of H,O3: 
bleaching H,O, +217 + 2H* —> I, + 2H,0° 
. powder) ‘ F 
C02 (OA) [C102 +14Ht +663), 6 M.w:/6 Ege P aa ele 
. 2Cr** + 7H,0 (vi) Estimation of ozone: 
MnO} (OA) |MnO, + 4H* +26 > oe Mww/2 O, + 61” + 6H" —>31, +3H,0 
2+ : 
Mn Eq. mass of O, = M.w/6 
Fe* (RA) -|Fe’"* >Fe* +e 1 Mw/1 rene 2- 

silage eal A lice (vil) Estimation of CrOz : 

Equivalent Mass of Substance Undergoing _ Cr, 07 +14H* + 617 —>31, +2Cr** +7H,0 
E GPrepericnation j = 

Let us consider, dsbreporonstot of H;PQ). Eq. mass of Cr,07° = M. w/6 
: 2, ibe } ‘ = 
3H,PO, —> 2H,PO, + PH, (vii) Estimation of CIO”: 


| -2e oxidation | ClO” +217 +2H* —>H,0+Cr +I, 


a Eg. mass of CIOT = M.w./2 


Reduction 


: 
G 
y 
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(ix) Estimation of 103 : - | The eq. mass of FeSO, °7 ‘7H,0= a1 = 598 
10; +51” + 6H* —331, +3H,0 : 


5.4 mL of 0.1N KMn0, 


-= 5.4 mL of 0.1 N FeSO, -7H,Osolution 


Amount of FeSO, -7H,0= a x5.4=0.152 


Eq. mass of [103 = M. w./5 


SoME SC.v=D EXAMPLES 


Example 41. 0.5 g of an oxalate was dissolved in water 


and the solution made to 100 mL. On titration 10 mL. of this 
Amount of Fe,(SO,); -9H,O =(5.5 — 0.15) =5.35 g 


solution required 15 mL of aa KMn0O,. Calculate the percentage 
20 Mol. mass of Fe,(SO,) ; -9H,O=562 


of oxalate in the sample. 


Solution: No. of g moles of Fe,(SO,); -9H,O= ak 
4 Mol. mass 
15 mls — KMnO,.= 10 x Normality of oxalate solution. 2535. 
——— ——_Nomality of oxalate solution = ae ss ao id eee eee 
10 20 40: = 952x107 


Strength of oxalate solution = Normality x Eq. mass of oxalate Example 44. 0.5 g mixture of KCrO, and KMnO, was 


3 _ 88 treated with excess of KI in acidic medium. Iodine liberated 

~ 40 * ae Eg MURS OE COO o a required 100cm? of 0.15N sodium thiosulphate solution for 

titration. Find the per cent-amount of each in-the mixture. --—-— — 
5 CHT 1998) 
Solution: Let ‘a’ g of K;Cr,O, be present in the mixture. 


Amount of oxalate in 100 mL solution = = x 100 =.0:33 g — 


% of oxalate = EE x 100 = 66.0 
0.5 Mass of KMnO, = (0.5 — a) g 


Example 42. How many mL of a 0.05 M KMnO, solution Mol. mass 294 


are required to oxidise 2.0 g of ee, in a dilute solution Eq. mass of K,Cr,O, = ————— = —— = 49.0 
(acidic)? 6 6 

Solution: Mol. mass _ 158 

10FeSO, +2KMnO, +8H,SO, —>K3SO,+2MnSO, Eq as a Mg ee 

10% 151.8 2% 158 +5Fe,(SO,)3 +8H,0 
10 151.8 g of FeSO, require KMnO, =2x158 g No. of equivalents of K,Cr,.0; = ase 
2x 158 x2 
2 2 of FeS ill ire KMnO, = —————_ 5- 
= sepa ae 10x 151.8 ' No. of edjuivalents of KMnO, = oS a 
Suppose, V mL of KMn0, solution (0.05 M) is required. ; 4 ; 
No. of equivalents of Na,S,Q, in 100cm” of 0.15 N solution 
ee ‘ 158 x 0.05. 
Amount of KMnO, in this solution = ————— xV 
1000 ; 100 x 0.15 
= ——_— = 0.015 
ae 158x0.05xV 2x158x2 1000 
: 1000 10x 151.8 ’ Equivalents of K Ree O, + Equivalents of KMn0, 
V = 52.7 mL , = Equivalents of iodine 
Example 43. 5.5 g of a mixture of FeSO,:7H,O and = Equivalents of Na,$,0; 

Fe, (SO, )3 -9H,O required 54 mL of 0.1N KMnQ, solution for a (0.5-a) 
complete oxidation. Calculate the ara mole of hydrated ferric . 490 + 316 0.015 
sulphate in the mixture. : . 

(At. mass H =1,0 =16, S = 32, Fe= 56) : : 174a = 1.274 

Solution: Only FeSO, -7H,O will be oxidised by KMnO,. a= 0.0732 

Mol. mass of FeSO, -7H,O = 278 % of K,Cx,0, = &: = X100 _ 14.64 
As the conversion involves one electron, 5 


Fe?! — fe +e, of KMnO, = 85.36 


918 ; 


Example 45. Calculate the percentage of available 
chlorine in a given sample of bleaching powder from the 
following data: 

-3.55 g of bleaching powder when treated with acetic acid and 
xcess of KI liberated iodine which required 60 mL. of 0.5N 
odium thiosulphate solution. 


60 mL 0.5 N Na, S,0; =60mL 0.5 NI, 


Solution: 
=60.mL 0.5 N oh 
- Amount of chlorine = soe x 60 = 1.065 g 
Loe? x 100 = 30.0 


% available chlorine = 
3.55 


- Example 46. 0.261 g of a sample of pyrolusite was heated 


with excess of HCI and ‘the chlorine evolved was passed in a 
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Amount of NaBrO; in 85.5 mL 0.672 N solution 


_ 0.672, 151 
1000 


Normality 0.672 


n 
(ii) Each bromate ion takes-up 5-electrons; therefore, 
Mol. mass _ 151 


x 85.5= 1.4468 


=0,112M 


Molarity = 


Eq. mass of NaBrO, = 


ae 
Amount of NaBrO, in 85.5 mL 0.672 N solution 
151. 0.672 
= XK ee x 95.5 
5 1000 
= 1.7352 ¢ 
-—----—--Motarity-= Noma _ 0.672 9-1344:4¢ —— 


i. ecard 


solution of KI. The liberated iodine required 90mL ~ NaS 203. 
Calculate the percentage of MnO, in the sample. 


Solution: MnO, + 4HCl—— MnCl, + 2H,0+ Cl, 


DKA +-Cl yy DKEL 4 Tg ee ee 


~ 2Na,8,0, +1, —>Na,8,0, + 2Nal 


90 mL ce Na,S,0, = 90 mL N I, 
30 30 
= 90 mL = Cl, 
30 


= 90.mL = MnO, 
30 


Eg. mass of MnO, = Molanas = ay 
2 2 
[Since, change in O.N. is from 4 to 2] 
"Amount of MnO, = —°— x2". = 0.1305 g 
2x30 1000 
0.1305 


% of MnO, = gp X10 =50 


Example 47. (i) What is the mass of sodium bromate and 
molarity of the solution necessary to prepare 85.4 mL a 0.672 N 
~ solution when the half reaction is, 
BrO, +6H* +6e——> Br +3H,0 


(i) What would be the mass as well as molarity if the half cell 
reaction is, 
2BrO;, +12H* + gee he + 6H,O 


Sohution: 
(i) Molecular mass of NaBrO; = 23+ 80+ (3x 16)= 151 _ 
Each bromate ion takes-up 6 electrons; therefore, 


Mol. mass _ 151 


Eq. mass of NaBrO, = 6 P 


Example 48. 50 mL of an aqueous solution of H,O, was 
treated with an excess of KI solution and dilute H,SO,. The 
liberated iodine required 20 mL 0.1 N Na,S,0, solution for 


‘complete interaction. Calculate the concentration of HO, in 


HL. a —— 
° Solution: H,O, + 2KI + H,SO, —~>K,SO, + 2H,O+I, 
2Na,5,0, +1, —- NaS8,0, + 2Nal 
Eq. mass H,O, = : =17 
20 mL 0.1 N Na,8,0, = 20 mL 0.1 NI, solution 
. = 20 mL 0.1 N H,O, solution 
Amount of H,O, in 50 mL ag. solution 


ll Xl 239200345 


1000 
0.034 000 = 0.68 


Concentration in g/L = 


Example 49. 0.124 g of iron wire was dissolved in dilute 
H,SO, in oxygen free atmosphere and the resultant solution was 
titrated against 0.09672 N solution of KMnO,. The titre value 
was 22.90 mL. Calculate the percentage purity of iron wire. 

Seiution: 


22.90 mL 0.09672 N KMnO, = 22.90 mL 0.09672 N FeSO, 


0.09672 x 152 x 22.90 


Amount of FeSO, in the solution = 
1000 


= 0.3366 g 
Amount of iron in 0.3366 g of FeSO, = 3 x 0.3366 


=(0.124g 


0.124 


Thus, ercentage = 
| eS = ODA 


x 100 =100 


The iron wire is 100% pure. 


Example 50. 4 sample of hydrazine sulphate (N,H,SO, ) 
was dissolved in 100 mL of water. 10 mL of this solution was 


VOLUMETRIC 


reacted with excess of FeCl, solution and warmed to complete 
the peace. Ferrous ion formed was estimated and it required 20 


mL of So gp anee Estimate the amount of hydrazine sulphate in 
one lige op solution. 
Reactions: 4Fe** +N ,H,—>N, + 4Fe** +4H* 

MnO; + SFe™* +8H * —>Mn™* +5Fe** +4H,0 


Solution: 20 mL =, KMnO, = 20 mL - KMnO, 


Molecul 
| Equivaten mass of KMnO, = a 


5 


20 mL, )mL ok KMn0, = = 20 ite eta Ferrous ion 
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ANALYSIS 


Example 52. 25 mL of H,O, solution were added to 
excess of acidified solution of KI. The iodine so liberated 
required 20 mL of 0.1N Na»S,O, for titration. Calculate the 
strength of H,O, in terms of normality, percentage and volume. 

CMELNE. 1996) 


Solution: _20 mL of 0.1 NNa,S,0; 


= 20mL.of 0.1N I, solution 
= 20 mL of 0.1N H,O, solution 
= 25 mL of 0.08 N H,O, solution 
0.08 x 17 x 100 
1000 
% = 0.136 
68 g H,O; evolve oxygen at NTP= 22400 mL _ 


Mass of H,0, in 100 mL solution = =0.136¢ 


10 
= 20 mL = N,H,SO, 


Mol. mass _ 130 


_ Eq. mass N,H,SO, = = 32.5 


{Since, change in O.N. (N.H, —-> N,) per molecule = 4] 


Amount of hydrazine sulphate in 10 mL of solution 


wb 38 59-0085 e 
10” 1000 


Amount of hydrazine sulphate in one litre of solution 
e — x 1000 = 6.50 g 


Example 51. 0.14 KMnO, is used for the following 
titration. What volume of the solution in mL will be required to 
react with 0.158 ¢ of Na,S,0;? . 


S03 + MnO + H»O —> MnO, (s)+ SO? + OH 


(not balanced) (MLNR 1992) 


Solution: $,07° —> 280," 


Change in oxidation number of sulphur per molecule of 
S,07 =2x(6-2)=8 

Change in oxidation number of Mn per molecule of MnO, 
=7~-4=3 

No. of moles in 0.158 g of Na,$303 = vee =1x107 


No. of equivalents = 8 x 107 


Normality of 0.144 KMnO, solution = 0.1 x3 = 0.3 


Let ¥ mL of volume of KMnO, be required; then 
SY x03=8x107 
1000 
or y= 2 x10? x10? 
0.3 


= 26.7 mL - 


0.00136 g H,O, evolve oxygen at NTP 
_ 22400 


x 0.00136 = 0.448 


The solution is of 0.448 volume. 


- Example 53. 0.804 g sample of iron ore was dissolved in 
acid. Iron was reduced to +2 state and it required 47.2 mL of 
O.112NKMnO, solution for titration. Calculate the percentage of 
iron and Fe,O, in the ore. 


Solution: The titration involves the conversion of ferrous 
into ferric, 


5Fe** +MnO; +8H * —>5Fe** +Mn** +4H,O 
47.2 mL of 0.112 N KMnO, = 47.2 mL of 0.112 N Fe?* ions 


_ 472 0.112% 55.5 
1000. 
Mass of iron = 0.2934 g 


— x 100 = 36.49 


= 0.2934 


% of iron in the ore = 


3Fe ——> Fe,0, 
(3x55.5) (3x55.5 + 64) 


3x 55.5 g of iron form 230.5 g of Fe, O,. 


0.2034 g of iron will form = 2205 
166.5 


x 0.2934 = 0.406 g 


406 


% of Fe,O, in the ore = 2406 x 199 = 50.5 
0.804 


Example 54. An equal volume of a reducing agent is 
treated separately with 1M KMnO,, in acid, neutral and alkaline 
media. The volume of KMnO, required are 20 mL in acid, 33.4 
mL in neutral and 100 mL in alkaline media. Find out the 
oxidation state of manganese in each reaction product. Give the 
balanced equations for all the three half reactions. Find out the 
volume of 1M K»CrO, consumed, if the same volume of the 
reducing agent is treated in acid medium. 


Solution: Let N,, N. and N,; be the normalities of 1M 


KMnO, solution in acid, neutral and alkaline mediums, 
respectively. 


20mL NV, #33. 4mL N= = 100mL NV; 
In acidic medium, the half reaction is: 
MnO; + 8H* +5e7 == Mn** +4H,0 
i M@ KMnO, =5 N KMn0O, 
Thus, from above relation, 


es ei Soe 
“ 33.4 33.4 
and N3= LO SH is OS yet 
100 100 
__ The equations in the three media are: __ eee at 
Acid 
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Oxalic acid used by pyrolusite - 
= (50 — 32) cm? 1 N solution 
‘=18cm? 1N solution 


=18 cm? 1N MnO, solution 


Mass of MnO, = el 2G Tee 0.783 g 
1000 1000 x 2 
_ Percentage of MnO, = = x x 100= 48.9 


MnO, —— Mn0O+:0 
872 ie 


Oxygen given by 0.783 g Ma = => x0. 783 = 0.144 g 


Neutral 


MnO; +3e° ———>Mn* 
Alkaline 6+ 
MnO, +e ——>Mn 


The balanced equations are: 


MnO, + 8H* + Se7 eae +4H,0 


Neutral 


MnO, + 2H,0+ 3e° ——> MnO, + 40H” 


Alkaline 
MnO; +¢ ——> Mn02- 


The balanced equation in the case of acidified K.Cr,O, 
solution can.be written as: 


Cr,03> +14H* +6e° —->3Cr** +7H,O 


The volume required for the titration of the same volume of 
reducing agent with acidified K,Cr,O0, solution as follows: 


20 mL 5 N KMn0, =¥ 6 N K,Cr,0,_ 


Example 55. 1.6 g of pyrolusite ore was treated with 
50 cm? of 1.0.N oxalic acid and some abies ic acid. The sa 


acid left undecomposed was raised to 250 cm> ina flask. 25 cm? 
of this solution when titrated with 0.1N KMnO, required 32 cm? 


of the solution. Find the percentage of pure MnO, in the sample 
and also the percentage of available oxygen. QUT 1996) 


Solution: 25 cm? of undecomposed oxalic acid required 
= 32cm? 0.1N KMnQ, solution 
Thus, 250cm? of undecomposed oxalic acid required 
~— = 30cm? 0.1 KMnO, solution 
~ =32cm? 1N KMn0O, solution 


~32 em? 1 N oxalic acid solution 


Example 56. 4 mixture of H,C,O, and NaHC,0, 
weighing 2.02 g was dissolved in water and the solution made up 
to one litre. 10 mL of this solution required 3.0 mL of 0.1N NaOH 
solution for complete neutralisation. In another experiment 10_ 
mL of same solution in hot dilute H,SO, medium required 4 mL 
of OIN KMnO, for complete neutralisation. Calculate the 
amount of H,C,O4 and NaHCO, in the mixture. (UT 1996) 

Solution: Let mass of H,C,Q, present in the mixture be 
=agin | litre 
saa mass of NaHC,O, present in the mixture be = b gin 1 
litre 
For acid-base reaction __ 
H,C,0, + 2NaOH —-> Na,C,O, + 2H,O 
Mol. mass as = 45 

2 2 

NaHC,0, + NaOH ——> Na,C,0, +.H,O 


Eq. mass of NaHCO, = “ne 112 


Eq. mass of H,C,O0, = 


Now, F 
: ; 3x 0.1 
Equivalents of H,C,0, + Equivalents of NaHCO, = -—— 
in 10 mL solution in 10 mL solution 1000 
ax1Q bx10 3x01 
45x1000 112x1000 1000 
3x 0.1x 45x 112 


or 112a + 45b = =151.2 — (i) 
For redox reaction 


Eq. mass of H,C,0,4 = ~ = 45; 


Eq. mass of NaHCO, = +e =56 


(Change in oxidation number of carbon per molecule = 2; . 
C7* —» 2c") 


VOLUMETRIC ANALYSIS 


Now; 
4x 0.1 
1000 


Equivalents of H,C,O, + Equivalents of NaHC, O, = 
in 10 mL.solution ~ in 10 mL solution 


axi0. " bx 10 _4x0.1 
45x 1000 56x1000 1000 
or S$6a + 45b=100.8 . 
Solving equations (i) and (ii), 
 a=0.9¢ and b=1.12g 
Example 57. 4 3.0g sample containing Fe,O,, Fe,O, nd 
an inert impure substance is treated with excess of KI solution in 
presence of dilute H,SO,. The entire iron is converted to Fe** 
along with the liberation of iodine. The resulting solution is 
diluted to 100mL. A 20 mL of the dilute solution requires 11.0mL 


.. ii) 


~ “of 0.SM Na Nass 203 solution to reduce the iodine present. A x OmL — 


- 924 


Iron (ID) thus produced is estimated ‘by titration with a 
standard permanganate solution. The reaction is: 


MnO, + 5Fe?* + 8H * —> Mn** + 5Fe** +.4H,0 


A10mL sample of hydroxylamine solution was diluted to one 
litre. 50 mL of this diluted solution was boiled with excess of iron 
(IT) solution. The resulting solution required 12 mL of 0.02 M~ 
KMnO, solution for complete oxidation of iron UI). Calculate 
the mass of hydroxylamine in one litre of the orenel solution. 

Solution: 


12 mL of 0.02 MKMnO, = 12 mL of O1N KMnO, 


=12 mL of 0.1.N Fe?* 
=12 mL of 0.1N NH,OH 


—-Mol.-mass-— aoe ag ne 


_ Eq. ‘mass of NH,OH= 


12.8 mL of 0.25 M KMnO, solution in dilute H,SO, medium for 

oxidation of Fe®* . Calculate the percentage of Fe,O, and Fe,O, 

. (IIT 1996) 

Fe,0, is an equimolar mixture of Fe,O, and 

FeO. Thus, the sample contains Fe,0;, FeO and impurities. The 

amount of iodine liberated depends on the amount of-Fe,O, and 

the entire iron is converted into Fe** 

Fe,0, + 2KI + H,SO, —>3FeO+ H,O+K,SO, +I, 
Fe,O, + KI+H,S8SO, ——> 2FeO + H,0+ K,SO, +1, 


in the original sample. 
Solution: 


511.0 mL of 0. SMN8,8,05= 55.0 mL of 0.5 N Na,S,0, soln. 


7m of 0.5 NT, soln. 
=55.0 mL of 0.5 N Fe,0, soln. 


=27.5x 107 equivalent Fe,O, soln. 


=13.75 x10 moles Fe,0;, 
2x 12.8mL of 6.25 MKMn0, soln. 
| = 25.6 mL of 1.25 N KMnQ, soln. 
= 25.6 mL of 1.25 N FeOsoln. 
= 32.0 x10 equivalent FeO 
¢ = 32.0 x 10° moles FeO 


Moles of FeO in Fe,O, = 0.032 — 0.0275 = 0.0045 
Mass of FeO, = 0.0045 x 232 =1.044 g 
Moles of Fe,O, existing separately 
= 0.01375 — 0. 0045 = 0.00925 
Mass of Fe,0; = = 0,00925 x 160 = 1:48 g 


ila x 100 = 34.8 


% Fe,0, = 


| % Fe,0, = = x 100 = 49.33 


_ Example 58. Hydroxylamine reduces iron (IH) according 
to the equation, 


2NH,OH + 4Fe** —> NyOtgyt + H,O0+4Fe** +4H* 


Mass of NH,OHin 12 mL of 0.1 N NH, OHsoln. 

_NXExV _0.1x16.5x12 

1000 ~=—«21000 

50 mL of diluted solution contains NH;OH= 0.0198: -~—~- 
1000 mL. of diluted solution contains NH, OH 

_ 0.0198 


= 0.0198 g 


x 1000= 0. 1396 5 


10 mL of original solution contains NH,OH = 0. 396 g 
1000 mL of original solution contains NH,OH | 
. = 100x 0.396 = 39.6 ¢ 


Example 59. 0. 562 of limestone was treated with oxalic 
acid to give CaC,O,. The precipitate decolourised 45 mL of 0.2N 
KMn0O, in acid solution. Calculate the % of CaO in limestone. 

Solution: 


45 mL of 0.2 N KMn0, = 45 mL of 0.2.N CaC,0, 
= 45 mL of 0.2 N CaCO, 
= 45 mk of 0.2 N CaO 
NXExV | 02x28x45 
“1000 ——-:1000 


Mass of CaO = = 0.252 g 


% of CaO in limestone = 2 = x 100 =45 


Example 60. A solution of 0.2 g of a compound containing 
Cu** and C,0;° ions on titration with 002 M KMnO, in 


presence of H,SO, consumes 22.6 mL oxidant. The resulting 


solution is neutralised by Na,CO;, acidified with dilute acetic 
acid and titrated with excess of K1. The liberated iodine required 
11.3 mL of 005M Na,S,0, for complete reduction. Find out the 
mole ratio of Cu?* and C05 in the compound. - (IIT 1991) 
' Solution: 1st case: Only C s0F ions are oxidised by 
KMn0O, solution. | 


Normality of KMn0, s solution = 0.02.x 5=0.1N 


22.6 mL of 0.1 N KMnO, = 22.6 mL of 0.1N C,0% soln. 
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NXxXExV¥ NXMxV 
1000 x 2 
NxMxV 
1000x 2x M 
_Nx¥ 

~ 2000 

_ 0.1 22.6 

~ "2000 
~=113x10~ 


Mass of C03” ions a 
in the solution 1000 


. No.of moles of C,07° ions in the solution = 


2nd case: Only Cu** ions are reduced by KI and iodine 
liberated is neutralised by Na,S.0, solution. 


11.3 mL of 0.05 M Na, Sz 50; #11. 3 mL of 0.05 N Na,S, O, 
ES ETS of 0.05 NT, 
=11.3 mL of 0.05 N Cu2* 
NXEXV NXMxV 


Mass of Cu a ions in the solution = 


1000 1000 
V 
No. of moles of Cu2*-ions-in-the solution = LMSUE Se 
1000 x M@ 
NxV 
1000. 
_ 0.05 x 11.3 
1000 
=5.65x 10% 
24 eee 
Molar ratio of os = Smo xt0 z= 
; C,07 113x107" 2 
Example 61. 12g of an impure sample of arsenious oxide 


was dissolved in water containing 7.5g of sodium bicarbonate 
and the resulting solution was diluted to 250 mL: 25 mL of this 
solution was completely oxidised by 22.4 mL of a solution af 
iodine. 25 mL of this iodine solution reacted with same volume of 
a solution containing 24.8 g of sodium thiosulphate solution 
(Na,S,03;°5H,O) in one litre.Calculate the percentage of 
arsenious oxide in the sample. (Atomic mass of As = 75) 

. (HET 1999) 


24.8 


Solution: Normality of Na, 8,0; soln. = oa =0.1N 


- Applying N,V, = NV 
Volume of As,Q, soln. in NaHCO, x Normality of this soln. 


= Volume of iodine soln. x Normality of iodine soln. 


25x N, =22.4x 0.1 
y, = 228x041 
25 


Amt. of As, QO present in 250 mL of the solution 
Equivalent mass of As,O3 
1000, 


x 250 


=N, x 


_ and calculate the molarity of H,0). 


_ 22.4% 0.1 198 250 250 = 1.1088 
25 4 1000 


1.1088 


Percentage of As,O, = x 100 = 9.24 


Example 62. Hydrogen peroxide solution (20 mL) reacts 
quantitatively with a solution of KMnO, (20 mL) acidified with 
dilute H,SO,. The same volume of the KMnO, solution is just 
decolourised by 10mL of MnSO, in neutral medium 
simultaneously forming a dark brown precipitate of hydrated 
MnO). The brown precipitate is dissolved in 10 mL of 0.2 M 


" sodium oxalate under boiling condition in the presence of dilute 


H,SO,. Write the balanced equations involved in the reactions 
CUT 2) 
Solution: 


_.@ MnO, + NaC, 0, +2H,SO, > > MnSO, - +Na,SO, _ 


= St mote —42€05+2H,0 


‘reduced from Mn/* to Mn?*. 


mM of MnO, =mM of Na,C,0, =10x 0.2=2 
(ii) 2KMnO, +3MnSO, + 2H,O0——~ 5Mn0, +K,SO, 
2 mole : Ppt 
mole 


mM of KMnO, = mM of MnO, x ==2x 2= 5. 


(iii) 2KMnO, +3H,SO, +5H,O, —»K,SO, 
2 mole . 5 mole : 
: : + 2MnSO, +8H,0+4+50, 


mM of H,O, =mM of KMn0, x3= 4x32 


Mx20=2 
2 
o My,0, pee 
Example 63. The Mn,O, formed on strong heating of a 


sample of MnSO,-4H3O was dissolved in 100 cm? of 0.1 N 
FeSO, containing dinite H,SO,. The resulting seluson reacted 
completely with 50cm? of eels solution. 25cm> of this 


“KMnO,, solution requires 30 cm> of 0.1N FeSO, solution for 


complete reaction. Calculate the amount of MnSO, -4H 0 in the 
sample. (IIT 2601) 


Heat . 
Solution: MnSO, -4H,0——> Mn, 0, 


Mn,0, is dissolved in ferrous sulphate solution and is 
The excess of FeSO, is 
estimated by doing titration with KMnO, solution. The normality 


of KMnO, solution is determined by another ferrous sulphate 
solution. 


For normality of KMnO, solution: 


25x N=30x0.1 
_ 30x01 3, 
1 DS 


“ Let the volume of unreacted FeSO, solution be / mL 


+2H,0 


VOLUMETRIC ANALYSIS 


~ ¥ mL of 0.1 N FeSO, =50 mL of = N KMn0, 


“or Pile? cui, 
~~ 0.1% 25 
Volume of FeSO, used for Mn ;0, =(100 - 60) mL 
= 40 mL . 


40 mL of 0.1 N FeSO, = 40 mL of 0.1 Mn,0, 


= 40 mL of 0.1 N MnSO, -4H,O 
Ex01x40_ E 


923 


where, C = 7.5x 107, & = degree of dissociation 
Moles of I, -<- 13x10" (ii 


Equating eqs. (i) and (ii), we get 
3° 
ee as = 0.785 x 107 

a = 0.209 | 


—% dissociation of HI = Degree of dissociation x 100 


Mass of MnSO,*4H,O= (= g | 
1000 — 250 = 0.209 x 100 = 20.9% 

Equivalent mass of Example 65. 50 mL sample of ozonised oxygen at NTP 

MnSO, -4H,0= M__3M = 3X 223 was passed through a solution of potassium iodide. The liberated 

8 2 2 iodine required 15 mL of 0.08 N Na,S 0, solution for complete 
Per eA Ra Se a eB ee Gas se a = “titration. Calculate’ ‘the © volume of ozone at NTP in the given _ 
STS Fights 3x 223 is “Sample. 
”.Mass of MnSO, - 4H,0= a = 1,338 g Solution: Reactions involved may be given as: 


Example 64. 0.96 g of hydrogen iodide was heated to 
450°C ull the equilibrium was reached. It was then quickly 


- cooled and the amount of iodine liberated required 15.7 cc of 


N/10 sodium thiosulphate. Calculate the percentage of iydrogen 
iodide dissociated at 450°C. 
Solution: Reactions involved 


2HI=—= H, +1, 
I, + 2Na,S,03; — 2Nal + Na,S8,0¢ 
1 moleI, = 2 mole hypo 


No. of moles of hypo = = 
Molecular mass (158) 
_EXNxV 
1000 x 158 
where, E, N and V are equivalent weight, noumneny and volume 
- of hypo used. 
E= 158, N=V10,V =15.7 
No. of moles of Na,8,0, = _158x1/1015.7 
1000 x 158 


=1.57x 10 mole 
Moles of I, produced by decomposition of HI 


= ; mole of Na,S,0, 
=x 1.57x 103 = 0.785x 10 mole a) 
NoisstHis oe a7 soe 
M.w. 128 
; l 1 
HI ==-H, + -I 
7 2 4 2 
Ati=0 C 0 0 
At equilibrium C(1- 0) a ‘a 


2KI +H,0+ 0, —>2KOH+I, +0,T 
I, + 2Na,S,0, —+> 2Nal + Na,S,0, 


1 mole O, = 2 mole Na,S,0, paces) 0) ae 
No. of moles of hypo = Mee 
_ _ Molecular mass (158) 
_EXNxV . 
1000 x 158 | 
where, Exg,s,0, = 158, N = 0.08, V=15 
No. of moles of hypo = pene 2 12x10° 
1000 x 158 


‘No. of moles of 0; = ; mole of hypo [from eq. (i)] 


at yi2x107. 
os 


=6x104 mole 
Volume of 0, at NTP = No. of aicies x 22400 

=6x 10% x 22400 - 

= 13.44 mL at NTP 


Example 66. ©10 mL of a potassium dichromate solution 
liberates iodine from potassium iodide solution. When the iodine 
was titrated with hypo solution (N/20), the titre value was \SmL. 
Find the concentration of dichromate solution in g per litre. 

Solution: The reactions involved may be given as 


Cr,07 +617 +14H* —>2Cr* 431, +7H,0 
3[I, + 2Na 29203 ] —? 3{2Nal + Na,540¢] 
1 mole K,Cr,0, = 6 moles of Na 75,0; .. (i) 
Mass __ EXN XV. 
M.w.(158) 1000 158 


No. of moles of hypo =. 
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= 158 x 20x 15 Example 68. 5 g of a sample of brass were dissolved in | 


1000 x 158 litre dil. H,SO,.20 mL of this solution were mixed with KI and 
ee liberated iodine required 20 mL of 0.0327 N hypo solution for 
=7.5 x10°" mole titration. Calculate the amount of copper in the alloy. 
I. ; ’ Solution: When brass is extracted with concentrated 
No. of moles of K,Cr,0, = P [No. of moles of Na,S,0, ]. H,SO,, it gives copper sulphate. 
= 125x104 mole - 2[Cu + 2H,SO, = CuSO, + SO, +2H,0O] 
Mass of K,Cr,O, in 10 mL solution = 1.25 x 10 x 294 . silat Tas eRe ee 
= 0.03675 g 2Cul, ——~> CuI, +1, 
Weight of K,Cr,O, in 10 mL solution = 3.675 g/L : 2Na7S,03 +1, ——> 2Nal + Na,$,0¢ 


Example 67. 1.5 g of sample of impure potassium 


2 mole Cu = 1 molel, =2mole hypo 
dichromate was dissolved in water and made up to 500 mL 


_..-solution,-25 mL-of this solution required iodametvically.24 mL. of —.......00 Ty Of Solution reacts with 20 mL of 0.0327 Nhypo 
a lium thiosulphate solution 26m. of this sodium thiosulphate ..1000 mL of solution will react with” 1000 mL of 0:0327~ 
solution required 25 mL of N/20 solution of pure potassium ae _ : . : N hypo 7 
dichromate. vs ind the percentage purity of impure sample of - Nev eemolesor wy poused Ss == Mass 
potassium dichromate. Molecular mass (158) _ 
Solution: Normality of sodium thiosulphate solution may 
be determined as: a — _ EXNXV 
N,V, (Na>S,03 )=NV> (pure KCr,0;) 7 TO0G x 158 -  -o 
| - | where, £ = 158, N = 0.0327 given, V = 1000 mL- 
Teoma pone 158 x 0.0327 1000 | 
. No. of moles of hypo used = Esc sea 
N, = 0.048 (hypo) : 1000 x 158 
The reaction involved.may be given as: = 0.0327 — 
Cr,02> + 617 + 4H* —> 2Cr** +31, +7H,0 No. of moles of Cu = No. of moles of hypo 
3[], + 2Na,$,0,; —> 2Nal +Na,S,O,} _ = 0.0327 mole 
1 mole K,Cr,0, = 6 mole Na 78,0, Pee (i) . Mass of copper in brass = 0.0327 x 63.5 = 2.07645 
25 mL of solution of K)Cr,0, is treated by 24 mL of delat copper in bases 2400 
; 0.048 N hypo 
-. 500 mL of solution will be titrated by 480 mL of = 41.529% 
_ 0.048 N hypo. _ Example 69.. An excess KI solution is mixed in a solution 
ee ee ae ne Mass —EXNXxV | of K,CrnO, and liberated iodine required .72 mL of 005 N 
een eee ee M.w.(158) 1000x158 Na,S 0; for complete reaction. How many grams of K4Cr,0, 
“4158 0.048 x 480 : were present in the solution.of K 4Cr,0,? The reaction occurs as: 
-To00x 158 . CrO7 +61 ~ +14H* —+2Cr** +31, +7H,0 
= 0.02304 mole a __ Solution: 


The reaction involved may be given as: 


. - - + 3+ 
No. of moles of K,Cr,0, = : [No. of moles of hypo] » _ — CrO7 +60 +14H" —> 2Cr™ +31, +7H,O 


; ; 3[1, + 2Na,S,0, ——> 2Nal + Na,$,0,] 
3 
a i aa 1 mole K,Cr,07 = 6 mole Na,S,0, Gi) 


Mass of K,Cr,0, =3.84x107* x 294 


No. of moles of hypo = Mass _ EXN XV 
= 1.12896 M.w.(158) 1000x 158 
soe _ 158 x 0.05 x 72 _ 4 
% purity =“ x 100 = 75.26% Nyag8:03 = soap eg = 3:6% 10 


VOLUMETRIC ANALYSIS 


No. of moles of K,Cr, 0, = A [No. of moles of Na,8,03] 
2 6 2 


= [3.6% 10° ]=6x10"* mole 


Mass of K,Cr,O, in the given solution 


14. 


= No. of moles x Molecular weight 
=6x10~ x 294 = 0.1764 


{LUSTRATIONS OF OBJECTIVE QUESTIONS 


15. 


16. 


How many moles of MnO, ions will react with | mole of 

ferrous oxalate in acid medium? 

(a) 1/5 (b) 2/5 (c) 3/5 (d) 5/3 

[Ans. . (c)] 

ONIN str oe oe aso toy Yah lea stench el Tera ye 

_ 2KMn0, +3H,SO, —> K,SO 0, + 2MnSO, + 3H,0 + 50] 
Ccoo- 


|  Fe’* | 4 3H, SO, + 3[0] —> F6,(804)s + 4CO, + 3H,0 
COO" 


6 mole KMnO, =10 mole FeC,0, 


~-4e4 mole Fe€,0,, will reaet with : mole of KMn0,] att 


The molecular mass of K,Cr,O7 is 294 amu. It acts as 
oxidising agent in a redox titration. Its equivalent mass in 
acid medium will be: 

(a) 294 (b) 49 

(Ans. (b)] ‘ 


(c) 147 (d) 74 

+12 a +6 
(Hint: K,Cr,0, + 4H,SO,— K,S0,+ Cr,(SO,);+4H,0 + 3[0] 
Change in oxidation number = 6 
Equivalent mass = — nase = = 49] 
In acid medium, both KMnO 4 and K,Cr,0, act as oxidising 
agents. Which among the following is correct about the 
oxidising behaviour? 
(a) KMn0, > K,CrO, 
(c) KMnO, = K,Cr,0; 
[Ans. (a)] 
Rint: 


+7 +2 
2KMn0O, + 3H,SO, — K,SO, + 2MnSO, + 3H,0 + 5[O] 
Change in oxidation number = 10 


(b) KMnO, < K,CrO0, 
(d) Cannot be predicted 


+ +6 
; K.Cr0, + 4H,SO, > K,SO, + Cr,(S8O4); + 4H,0 + 3[0] 

Change in oxidation number = 6] 
KMn0, reacts with oxalic acid according to the equation, 

2MnO; +5C,0;° +16H* > 2Mn** +10CO, + 8H,O 
Here, 20 mL of 0.1 M KMnO, is equivalent to: 
(a} 120 mL of 0.25 MH,C,0, 
(b) 150 mL of 0.1 Af H,C,0, 
(c) 50 mL of 0.1 MH,C,0, 


18. 


' (a) 10 


Pee, ane 


925 
(d) 50 mL of 0.2 MH,C, 204 
(Ans. (c)] 
‘Hint: My (KMn0O,) = a (H, C204) 
nh ; Z 
0.1% 20 | MI, * 
2 5 
MV, =5 


[t is possible in the option (c).] 
A solution of H,O, is titrated against a solution of KMnO,. 
The reactionis: — 


2MnO;, +5H,0, + 6H* sis +50, +8H,O 


‘Tfit requires 46.9 mL of 0.145 MKMn0, to oxidise 20 g of 


H,O,, the mass percentage of H,O, in this solution is: 


ae QOE cei ( 6) 0 sone (AA wes ey 
Ans. (a] : ose, ee ee = 
[Hint: Number of moles of KMnO, = My = O68 x469 
j 1000 1000 
=6.8x107 


Number of moles of H,O, = 6.8 x 10 x 2.5 = 0.017 


Mass of H,0, = 0.017 x 34°= 0.578 | ae 


S x 100 = 2.9] 


Mass % of H,0, = 


In an oxidation-reduction, MnO; ion is converted to Mn?* 
what is the number of equivalents of KMnO, (mol. wt. = 158) 
present in 250 mL of 0.04 @ KMnO, solution ? 


(CPMT 2008) 
(a) 0.02 


(b) 0.05 (c) 0.04 (d) 0,07 
[Ans. (b)] 
: In redox-reaction : 


[Bini 
H* + MnO; + Se) ——> Mn?* + 4H,0 
Change in oxidation state of MnOg = (+ 7)- (+ 2)=+ 5 


Nymno, = Memo, 5 


= 0.04 x $= 0.20. 
Number of equivalents eos = cee = 0.05] 
1000. 1000 


The strength of 10 volume of H,0, solution is : 
: (AMU Engg. 2009) 


(b) 68 (c) 60.70 (d) 30.36 
[Ans. (d)] ; 
[Hint : 10 volume H,O, means, | litre of HO, will give 10 litre 


oxygen at STP. 
2H,0, ——> 2H,O0+ 0, 
68¢ 22.4 L at STP 


": 22.4 L Op is obtained at STP from 68 g H,0, 


= 3036 


Thus, strength of H,O, = 30.36 g/L.] 


io) 


G.R.B. PHYSICAL CHEMISTRY FOR COMPETITIONS 


Gi) Fe,0, + KMnO, > Fe,0, + MnO, 

(iii) 2Na,S,0, +1, +» Na,S,0, + 2Nal 

(iv) As,S, + 10NO3 + 4H* — 10NO, + 2AsO7 +38 
+ 2H,O 


(v) H,PO, —> H,PO, + PH, 
(vi) SSO, + 2KMnO, + 2H,O > K,SO, + 2MnSO, 
+ 2H,SO, 


. 12 mL of 0.25 N ipa acid is neutralised with 15 mL of 
Calculate the: 


sodium hydroxide solution on- titration. 
normality of sodium hydroxide solution. 


\ Questions y 


. Calculate the Sauivatent mass af underlined species: 
(i) Na,SO; + Na,CrO, — Na,SO, + Cr(OH), 


14. 


15. 


a Sei ll teense NAD solution: ‘Of Oxalié acid 


i 


solution to rieuiealise it completely. Calculate the equivalent - 
mass of the metal carbonate. 


. 0.35 g of a metal was dissolved in 50 mL N-acid. The whole 


solution then required 20.85 mL of normal alkaline solution to _ 
neutralise the excess of the acid. Calculate the equivalent mass 
of the metal. 


-2.650 g of anhydrous sodium carbonate are dissolved in water 


and the solution made up to 500 mL. On titration 50 mL of this 
solution neutralises 50 mL of a solution of sulphuric acid. 
How much water should be added to 450 mL of this acid as to 
make it exactly N/12 ? 

Two acids A and B are titrated separately each time with 25 mL 
of N Na,CO, solution and require 10 mL and 40 mL 


respectively-for.complete-neutralisation, Whatvolumeof A and... 


B would you mix to produce one litre of normal acid solution? 


. If. De g of oxalic acid is dissolved: in 250 ea of solution, find 


its normality. The equivalent mass of oxalic acid is 63. 


. (a) 50 mL of 0.2 N KMnO, is required for complete oxidation’ 


of 0.45 g of anhydrous oxalic acid. Calculate the 
normality 0 of oxalic acid solution. - 
(b) In the titration of Fe** ions with KMn0, in acid 
medium, why is dilute H,SO, used and not dilute HCl? 
[CBSE (Mains) 2005] 
{Hint: The reaction involved in the titration is: 
Are ARMS + 3H,SO, ——> 5Fe,(SO,); + K,SO, 
+ 2MnSO, + 3H,O 
If HCl is taken in place of H,SO,, then HCI will be oxidised to 
Cl,,] 


. 30 mL of sodium Gatbanais solution is mixed with 20 mL of 


0.8 N sulphuric acid. The resultant solution needed 20 mL of 
0.7 N hydrochloric acid solution for complete neutralisation. 
Determine the strength of the sodium carbonate in gram per 
litre. (Take sodium carbonate to be anhydrous.) 


. 0.25 g of an oxalate salt was dissolved in 100 mL of water. 10 


mL of this solution required 8 mL of N/20 KMnO, for its 
oxidation. Calculate the percentage of oxalate in the salt. 


. 1.13 g of an ammonium sulphate were treated with 50 mL of 


normal NaOH solution and boiled till no more ammonia. was 
given off. The excess of the alkali solution left over was 
titrated with normal H,SO,. The volume required was 30 mL. 


' Find out the percentage of NH, in the salt. 


, The normality of the mixture of HCl and H,SO, solution i is 


N/5. 0.287 g of AgCl is obtained hen 20 mL of this solution 


- is treated with excess of AgNQ,. Calculate the percentage of 


10. 


11. 


12. 


both the acids in the mixture. 


1.17 g of an impure sample of oxalic acid was dissolved and 
made up to 200 mL with water. 10 mL of this solution in acid 


medium required 8.5 ‘mL of a solution of potassium . 


permanganate containing 3.16 g per litre of oxidation. 
Calculate the percentage purity of oxalic acid. 

What amount of silver chloride will be obtained when 20 mL. 
N/20 HCl] is made to react with excess of AgNO,? 

1.0 g carbonate of a metal was dissolved in 50 mL N/2 HCl 
solution. The resulting liquid required 25 mL of N/5 NaOH 


17. 


18. 


. 1.64 g of a mixture of calcium carbonate and magnesium 


carbonate were dissolved in 50 mL of 0.8 N hydrochloric acid. 
The excess of the acid required 16 mL N/4 sodium hydroxide 
solution for neutralisation. Find out the percentage 
composition of the mixture of two carbonates. . , 
30 mi:-of-N/10-HCI -are- required- to-neutratise- 50: mL of fa: 
sodium carbonate solution. How many mL.of water must, be 
added to 30 mL of this solution so that the solution obtained 


’ may have a concentration equal to N/50? 


2.65 g of diacidic base was dissolved in water and ile up to 
300 mL. 20 mL of this solution completely neutralised 12 mL 
of N/6 HCl. Find out the equivalent mass and molecular mass 


’ of the base. 
. Ina sample of sodium carbonate, some sodium sulphate is 


mixed, 2.50 g of this sample is dissolved and the volume made 


_ up to 500 mL. 25 mL of this solution neutralises 20 mL of- 


20. 


21. 


22. 


. 23, 


NALO sulphuric acid. Calculate the percentage of sodium 
carbonate in the sample. 

Some amount of NH,Cl was boiled with 50 mL of 0.75 N 
NaOH solution till the reaction was. complete. After the 
completion of the reaction, 10 mL of 0.75 N H,SO, were 


required for the neutralisation of the remaining NaOH. 


Calculate the amount of NH,CI taken. 

25 mL of a mixed ‘solution of sodium carbonate and sodium 
bicarbonate required 10 mL of N/20 HCI when titrated in the 
presence of phenolphthalein but 25 mL of the same when 
titrated separately in presence of methyl orange required 


.25mL of NAO HCl. Calculate the amount of anhydrous 
sodium carbonate and bicarbonate in grams per litre of the 


solution. 

4 g of a mixture of NaCl and Na,CO, were dissolved in water 
and volume made up to 250 mL. 15 mL of this solution 
required 50 mL of N/iO HCl for complete neutralisation. 
Calculate the percentage composition of the original mixture, 
40 mL of a mixture of Na,CO, and NaOH when titrated 
against N/iO HCI, the end point with phenolphthalein was 
reached at 25 mL of HC] and at this stage methyl orange was 
added, the quantity of acid further required for second end 
point was 5 mL. Calculate the amount of Na,CO, and NaOH 
in g/L of the solution, 


24. 


26. 


VOLUMETRIC ANALYSIS 


Find out the percentage of oxalate in a given sample of an 
oxalate salt of which when 0,3 g were dissolved in 100 mL of 
water required 90 mL of N/20 KMnO, solution for complete 
oxidation. 


. A 10g sample of H,O, solution containing ‘x’ per cent by 


weight requires x mL of a KMnO, solution for complete 
oxidation under acidic conditions. Calculate the normality of 
the KMnQ, solution. 

25 g of a sample of ferrous sulphate was dissolved in water 
containing dilute H,SO, aud the volume made up to one litre. 
25 mL of this solution required 20 mL of N/1O KMnO, 
solution for complete oxidation. Calculate the percentage of 
FeSO, -7H,O in the sample. 


. A sample of KCI is contaminated with NaCl. 4.176 g of the 


sample is dissolved in distilled water and the solution is made 
to 500 mL. 25 mL of the above solution required 27.50 mL of 


_-a_solution-of-silver nitrate (normality faeter-0-115)--to-reaet---- - 


. 927 


36, 0.28 g of a commercial sample of K,Cr,0, was dissolved in 


37. 


38. 


i 


water. Excess of KI was added to it along with dilute H,SOQ,. 
Iodine liberated was then titrated against sodium thiosulphate 
solution containing 24.82 g of Na,S,O3-5H,O per. litre. The 
thiosulphate solution required was 50 mL. Find the percentage 
purity of the sample of K,Cr,O,. 

A mixture containing KCl and NaCl was dissolved and total 
halide was determined by titration with silver nitrate. A 
sample weighing 0.3250-g required 51 mL of 0.1 N solution. 
Calculate the percentage of each salt in the sample. 

1.355 g of pyrolusite sample are added to 50 mL of | N oxalic 
acid solution containing sulphuric acid. After the reaction is 
completed, the contents are transferred to a measuring flask 
and the volume made up to 200 mL. 20 mL of this solution is 
titrated against KMnO, solution whose strength is 2 g/L and 
31.6mL of KMnO, solution are required. Calculate the 


---percentage-purity-in-the-given-sample of pyrolusite.- 


completely with it. Calculate the percentage contamination-of. 


28. 


29. 


31, 


32. 


34, 


the sample. 

The saponification number of fat or oil is defined as the 
number of mg of KOH required to saponify | g oil or fat. A 
sample of peanut oil weighing 1.5763 g is added to 25 mL of 
0.421 M KOH. After saponification is complete, 8.46 mL of 
0,2732 M-H.SO, is needed to neutralise excess of KOH. 
What is the saponification number of peanut oil? 


500 mL of 2. M HCl, 100 mL of 2 M H,SO, and one gram — 


equivalent of monoacidic alkali are mixed together. 30 mL of 
this solution required 20 mL of Na,CO,-xH,O solution 
obtained by dissolving 143 g Na,CO;-xH,O in one litre 
solution. Calculate the water of crystallisation of 
Na,CO, -xH,0. 
1 g of the complex [Cr(H,O), CI]CI, -H,O was passed through 
a cation exchanger to produce HCL The acid liberated was 
diluted to | litre. What is the normality of this acid solution? 

5.0 g of bleaching powder was suspended in water and volume 
made up to half a litre. 20 mL of this suspension when 
acidified with acetic acid and treated with excess of KI 


‘solution liberated iodine which required 20mL of a 


decinormal hypo solution for titration. Calculate percentage of 
available chlorine in bleaching powder. (ITT 1990) 
To a solution of excess of KI in dilute H,SO,, 25 mL of an 
unknown solution of KMnO, were added. The liberated iodine 
was exactly reduced by 42.5 mL of N/i0 Na,8,O, solution. 
Calculate the concentration of KMnO, solution. 

In 20 mL of a solution of HCI, 3 g of CaCO, were dissolved, 
0.5 g of CaCO, being left undissolved. Find out the strength of 
this solution in terms of (i) normality and (4i) g/L. Find the 
volume of this acid which would be required to make | litre of 
normal solution of this acid. ; 

1.0 litre of a solution contains 5.3 g of Na,CO, and 8 g of 
NaOH. 20 mL of this solution are taken and titrated against 
NAO HC! using separately (a) methy! orange as an indicator 
and (b) phenolphthalein as an indicator. What will be the titre 
values in these two cases? 


. To 20 mL of a copper solution after necessary treatment were 


added excess of KI and the liberated iodine required 11.2 mL 
decinormal solution of hypo, Express the strength of the 
original solution in grams of copper per litre of the solution. 


40). 


0.5-g-of bleaching-_powder-was-suspended-in-water-an-excess—-—— 


of KI added. On acidifying with dilute H,SO, iodine was 
liberated which required 50mL.of N/1O hyposolution. 
Calculate the percentage of available chlorine in bleaching: 
powder. 


Calculate the number of oxalic acid molecules in-100 mL of 


0.02 N oxalic acid solution. © 


[Hint.: Molarity = o =0.01M_ 


GHEE TEST) | 


_ No. of molecules in one molar solution = 6.02 x 107 


41. 


42, 


43. 


44. 


No. of molecules in 100 mL of 0.01 44 oxalic acid solution 
_ 0.01 x 6.02 x 10% 
1000 
1.26 g of a dibasic acid were dissolved in water and made up 
to 200 mL. 20 mL of this solution were completely neutralised 
by I1OmL of N/5 caustic soda solution. Calculate the 
equivalent mass and molecular mass of the acid. 
3.0 g of a sample of impure ammonium chloride were boiled 
with excess of caustic soda solution. Ammonia gas so evolved 
was passed into 120 mL of N/2 H,SO,. 28 mL of N/2 NaOH 
were required to neutralise residual acid, Calculate the percen- 
tage of purity of the given sample of ammonium chloride. 
fHint: (120 - 28)mL N/2H,SO, = 92 mL N/2.NH,Cl] 


x 100 = 6.02 x 107°] 


‘2.20 g of an ammonium salt were boiled with 75 mL of N NaOH 


till the emission of ammonia gas ceased. The excess of unused 
NaOH solution required 70mL of N/2 sulphuric acid for 
neutralisation. Calculate the percentage of ammonia in the salt. 
3.45 ¢ of a metallic carbonate were mixed with 240 mL of N/4 
{Cl. The excess acid was neutralised by 50 mL of N/S KOH 
solution. Calculate the equivalent mass of the metal. 


Hint: Equivalent mass of metal carbonate 
3.45 x 4 x 1000 
= ——_—____—_— = 69 
200 
i. quivalent mass of metal = 69 — Eq. mass of carbonate 
= (69 — 30) = 39] 


ta) 2 ¢ of a metal carbonate were dissolved in 50 mL of NV 
HCI. 100 mL of 0.1 N NaOH were required to neutralise 
the resultant solution. Calculate the equivalent mass of 
the metal carbonate. 

(b} How much water should be added to 75 mL of 3 N HCI to 
make it a normal solution? 


928 
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47. 


48. 


(Hint : 


- Thus, 


Upon mixing 45.0 mL of 0.25 M lead nitrate-solution with 
25 mL of 0.1 M chromic sulphate solution, precipitation of 
lead sulphate takes place. How many moles of lead sulphate 
are formed? Also calculate the molar concentrations of the 
species left behind in the final solution. Assume that lead 
sulphate is completely insoluble. GIT 1993) 
The reaction is: : 
3Pb(NO,), + Cr,(SO,)3 —>3PbSO, + 2Cr(NO;); 
‘3 mole . 1 mole 3 mole 2 mole 


No. of moles of Pb(NO;), = 45 x 10° x 0.25 
=11.25x 107 mole 


No. of moles of Cr(S0,),= = 25x10° x 0.1=2.5x107 mole 


_ Thus, Cr,(SO,), has limiting concentration. It shall be consumed 


fully and the number of moles of lead sulphate pee will be 
=3x2.5x 10° =7.5 x 107 mole 


..No,-of moles of lead nitrate left. = 1125x107 -7.5x107 


50. M 


49. 


G.R.B. PHYSICAL CHEMISTRY FOR COMPETITIONS 


10 mL a N K,Cr,0, =10 mL gos N stannous ion 
49.03 vias 49.03 
Eq. mass of Sn?* apna ——— = 59,35 
Amount of Sn in the sample = 2 x 59.35 x10 
49.03 1000 
= 0.0605 g 
Percentage of Sn in the ore = ne x100=51] 


2.26 g of impure ammonium chloride were boiled with 100 
mL of N NaOH solution till no more ammonia was given off. 
The excess of NaOH solution left over required 30 mL 2 N 


. H,SO, for neutralisation. Calculate the percentage purity of 


the salt. 


(H=1; N=14; O= 16; Na = 23; $= 32; Cl = 35.5) 


ae = 3.75. x1073 mole. ~e 
Total volume = (45.0 + 25.0) =70 mL or 70 x 10" litre 
Molarity = 5x10. = 0.0536 M 
70 x 10” 


_No. of moles of Cr(NO4); formed = =2x2. 5 x 1o?- = = 5 x 10°° mole 


xl 


Molatity = 5x0 = 0.0714 M@ 
x 


Pb(NO,), and Cr(NO,); will be present in solution in ionic form. 
[Pb** } = 0.0536 M 


[Cr** ] = 0.0714 M 
[NO}] =(2 0.0536) + (3 x 0.0714) 
= 0.3214 M] 


A sample of hydrazine sulphate (N,H,SO,) were dissolved in 


250 mL of water. 10 mL of this solution was reacted with 
excess of ferric chloride.solution and warmed to complete the 
reaction. Ferrous ions formed were estimated and it required 
10 mL of 0.04 M potassium permanganate solution. Estimate 


‘the amount of hydrazine sulphate dissolved in 250 mL of the 


solution. Reactions: 
4Fe** + Nj,H, —> N, + 4Fe** + 4H* 
MnO; +5Fe2* +8H* ——> Mn?* +5Fe** + 4H,O. 
(MLNR 1993) 
(Hint: See example 50] 
In an ore the only oxidisable material is Sn?*. This ore is 
titrated with a dichromate solution containing 2.5 g K,C1,0, 
in 0,50 litre. A 0.40 g of sample of the ore required 10.0 cm* 
of the titrant to reach equivalent point. Calculate the 
percentage of tin in ore. (K = 39.1, Cr =52, Sn =118.7) 
(iT 1993) 


Hint: Mol. mass of K,Cr,0, = 2x 39.1+2x52+ 7x16 
= 78.2 + 104.0+ 112.0 
= 294.2 
Eq. mass of K ,Cr,0, = — = 49.03 
Normality of K,Cr,0, solution = an x we 
° 49.03 


500 49.03 


51. 


52. 


53. 


54. 


55. 


dichromate ‘ solution would be reduced by Ig of Sn? 
(MLNR 1994) 


{Hint : 
38n + 2K,Crn0,; + 28HC1 —438nCl, + | 4KCI+ 4CrCl, 
3x118.7 ¢ 2x 294 g 
‘ Nee wcr he aeiay Bao cnets st, ke Ae +14H,0 | 
2x 294 
K,Cr,0, required for | of Sn = =——-—__ = 1.65 
2V7 Teg g 3x1187 g] 


A0.5 g sample containing MnO, is treated with HC] liberating 
Cl). The Cl, is passed into a solution of KI and 30.0 cm’ of 0.1 
M Na,S.O, are required to titrate the liberated iodine. 
Calculate the percentage of MnO; in the sample. (il T 1994) 


Hint: 30.0 mL 0.1 M'Na,S,0, =30.0 mL 0.1 N Na,S,0, 
= 30.0 mL 0.1N I, 
= 30.0mL 0.1N Cl, 
= 30.0 mL 0.1N MnO, 


Amount of MnO, present = TEE 
> tte 1000 
1 87. 30 
me XK eK ee 
10 2 1000 
MO ae Oe & 56:4) 
10 x.2 x 1000 x 0.5 


3.2 g of a mixture of calcium carbonate and sodium chloride 
was dissolved in 100 mL of 1.02 V HCI. After the reaction the 
solution was filtered and after separating the precipitate the 
volume was raised to 200 mL. 20 mL of this solution required 
25 mL N/5 caustic soda solution for neutralisation. Find out 
the percentage of calcium carbonate in the mixture. 

4 g of a mixture of Na,SO, and anhydrous Na,CO, were 
dissolved in pure water and volume made up to 250 mL. 20 
mL of this solution required 25 mL of A/5 H,SO, for complete 
neutralisation. Calculate the percentage composition of the 
mixture. 

A 1.2 g mixture of Na,CO; and K,CO,; was dissolved in 
water to form 100 cm? of a solution. 20 cm? of this solution 
required 40 cm? of 0.1 N HCI for neutralisation. Calculate the 
mass of Na,CO, and K,CO, in the mixture. (IT 1997) 
One litre of a mixture of O, and O, at NTP was allowed to 
react with an excess of acidified solution of KI. The iodine 


VOLUMETRIC ANALYSIS 


liberated required 40 mL of M/10 sodium thiosulphate 
solution for titration. What is the weight per cent of ozone in 
the mixture? Ultraviolet radiation of wavelength 300 nm can 
decompose ozone. Assuming that one photon can decompose 
one ozone molecule, how many photons would have been 
required for the complete decomposition of ozone in the 
original mixture? frye 


[Hiint: Let the total moles of O, and O, in the mixture be n. 
Applying PV =aRT 
Ix l=nx 0.0821 x 273 
n= 0.044 mole. 
Moles of O, = moles of I, = 1/2 moles of Na,S,0; 
” sebig tie Ooo 00 moles 
2 °.10 1000 


Moles of O, in the mixture = 0.044 — 0.002 = 0.042 moles 


on 
a 


_ Mass of O, = 


OO Bie Nasal Baga 


60. 


61. 


| 
| 929 


No. of moles of Na,8,0, required for an moles of KIO; 


12 12 0.10 9.10 0.60 
Oa Se 
0.6 — 1000 


Molarity of Na,S,0, = x es 0.0623 M] 


; 214 
Gastric juice contains 3 g of HCI per litre. If a person produces 
2.5 litre of gastric juice per day, how many antacid tablets 
each containing 400 mL of Al(OH), are needed to emeutealise 
all the HCl produced in one day? eS 

Zinc can be determined volumetrically by the precipitation 
reactions, 


3Zn** + 2K,[Fe(CN),]——> K,Zn,[Fe(CN),]+ 6K* 


A sample of Zn ore weighing 1.5432 g was prepared for 
reaction and required 34.68 mL of 0.1043 “M KyTPO(CN)¢ }tor 


titration- ‘What is-percentage oo zinc-in the: ore? 7 


No. of photons required to decompose 0.002 moles of ozone 
= 0.002 x 6.02 x 10% = 1.204 x 107/] 


. 20 mL of a solution containing 0.2 g of impure sample of 
- HAO, reacts with 0.316 g of KMnO, (acidic). Calculate: 


(a) Purity of H,Q, 
(b) Volume of dry O, evolved at 27° C and 750 mm pressure. 


. Five gram of copper alloy was dissolved in one litre of dilute 


H,SO,. 20 mL of this solution was titrated iodometrically and 
it required 20 mL of a hypo solution. 20 mL of K,Cr,0, which 
contained 2.4 g per litre, in presence of H,SO, and excess of 
KI, required 30 mL of the same hypo solution. Calculate the % 
purity of copper in the alloy. 

How many millilitres of 0.5 M H,SO, are needed to pisolys 
0.5 g of copper (ID carbonate? 


{Hint : NV, =N3F 
N, = Normality of H,SO, =0.5x2=1N 
V, = Vol. of H,SO, 


N= Normality of copper (II) carbonate = wits N 
¥, = Volume of copper CD) carbonate = 1000 ml, 
Thus, LOxwee “ x 1000 

or V, = 8.09 mL] 


An aqueous solution containing 0.10 g KIO; (formula weight 


. = 214.0) was treated with an excess of KI solution. The 


solution was acidified with HCl. The liberated iodine 
consumed 45.0 mL of thiosulphate solution to decolourise the 


_ blue starch-iodine complex. Calculate the mole of ane 


sodium thiosulphate solution. 
2KI0; + 10KI + 12HC] ——> 12KC] + 61, + 6H,0 


[2Na,5,0, + 1, ——> 2Nal + Na,540,] x 6 


|Hint: 


2KIO, + 10KI + 12Na,$,0; + 12HCl ——> 12KCl + 12Nal 
2 moles 12 moles + 6Na,S40, + 6H,O 


No. of moles of KIO, = oat 
214 


64. 


65. 


66. 


N/20 HCI using ohenolphthalein as indicator. The same 
amount of alkali mixture when titrated using methyl orange as 
indicator required 25 mL of same acid. Calculate amount of 
KOH and Na,CO, present in solution. 

1000 mL O, at NTP was passed through Siemen’s ozonizer so 


that the volume is réduced to 888 mL atvsamie condition ~~ 


Ozonized oxygen is passed through KI solution. Liberated I, 
was titrated with 0.05 N hypo. Calculate volume of hypo used. 
30 mL of K,Cr,O,, liberated iodine from KI solution when the 
iodine was ‘titrated with hypo solution (N/20), the titre value 
was 45 mL. Find the concentration of K,Cr,O, in g per litre. 
Excess of KI and dil. H,SO, were mixed in 50 mL H,O,. The 
liberated I, required 20 mL of 0.1 N Na,S,03. Find out the 
strength of H,O, in g per litre. 

25 mL H,O, were added to excess of acidified solution of KI. 


’ The iodine so liberated required 20 mL of 0.1 N sodium 


67. 


68. 


69. 


76. 


thiosulphate for titration. Calculate the Moar in terms of 
normality, percentage and volume. _ Gohes ied 
Cl, gas can be produced in the lab by the ction, 
K,CrO, + 14HCl —— 2KCI + 2CrCl, + 7H,0 + 3Cl, 
If a 6.13 g sample that is 96% K.,Cr,O, is allowed to react 
with 320 mL of HCI solution having density 1.15 g/mL and 
containing 30% by mass of HCl, what mass of Cl, is 
generated? 
What is the weight j in gram cf available O, per litre from a 
solution of H,0,, 10 mL of which when titrated with N/20 
KMnO, solution required 25 mL for the reaction? 
2KMnO, + 5H,O, + 4H,S0, —» 

50, + 8H,0 + 2KHSO, + 2MnSO, 
A quantity of KMnO, was boiled with HC! and the gas 
evolved was led into a solution of KI. When the reaction was 
complete, the I, liberated was titrated with a solution of hypo 
containing 124 g of Na,S,O, -5H,Oper litre. It was found that 
exactly 60 mL were required to decolourise the solution of I,. 
What weight of KMnO, was used? 
0.5 g of asample of bleaching powder was suspended in Water 
and excess KI] is added. On acidifying with dil. H,SO,,1, was 
liberated which required 50mL of NAO hypo 
(Na,S,0, -5H, 0}. cae the percentage of available Cl, in 
plesctine powder. 


930 
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74. 


with | sodium _thiosulphate ‘crystalline - containing 


G.R.B. PHYSICAL CHEMISTRY FOR COMPETITIONS 


1.2 g of asample of CaOCl, were suspended in water made up 
to 100 mL. 25 mL of this solution was treated with KI and the 
I, liberated corresponded to 10 mL of N/25 hypo. Calculate 
the percentage of Cl, available in CaOCl,. 

1.6 g of pyrolusite was treated with 60 mL of normal oxalic 
acid and some H,SO,. The oxalic acid left undecomposed was 
made up to 250 mL, 25 mL of this solution required 32 mL of 
0.1. N potassium permanganate (KMnO,). Calculate the 
percentage of pure MnO, in pyrolusite. 

A sample of pyrolusite weighing 0.5 g is distilled with conc. 
HCI. The evolved Cl, when passed through a solution of KI 
liberates sufficient I, to react with 125 mL of N/A2.5 hypo 

(Na,S,0,;-5H,O). Calculate the percentage of MnO, in 
pyrolusite. 


The iodide content of a solution was determined by titration 


Ae 


Milli equiv. of K,Cr,O, after reduction = 27.4 x 0.1 = 2.740 
Milli equiv. of K,Cr,0, before reduction = 17.96 x 0.1 = 1.796 
Milli equiv. of Fe,(SO,)3 in 20 mL = 0.944 
Milli equiv. of FeSO, in 20 mL = 1.796 

1.796 


FeSO, (gL!) = io x Eq. mass x 40 
= 1796 . 152 x 40 = 10.92 
1000 
0. 
Fe,(SO,); (gh!) = = x Eq. mass x 40 
of OM 5003640 7.55] 
1000 


. 3.0 g of pyrolusite ore were treated with 20 g of pure ferrous 


ammonium sulphate (Mol. mass = 392 g mol”) and. dilute 
H,SO,. After the reaction, the solution was diluted to 500 mL. 
50 mL of diluted solution required 10 mL of 0.1.N K,Cr,0; 


: Shor ‘Calculate the‘ % of ieee in pyrohisite. “2 


hypo is dissolved in 1 litre), 


. The formula weight of an acid is 82. Ina titration, 100 cm? of a 


solution of this acid containing 39.0 g of the acid per litre were 
completely neutralised by 95.0 cm* of aqueous NaOH 


.. containing.40.0 g of NaOH per litre. What is the basicity of the 


76. 


acid? 
{Hint : 


CY 2680) 


Normality of NaOH = 1 
Notintity of cia = A"? 9,95 
100 


Let the eq. mass of the acid be E. 


39 


2 os gepedi se BGs sae) 
Eee gi 4l 


20 mL of a solution containing ferrous sulphate and ferric 
sulphate acidified with H,SO, is reduced by metallic zinc. The 


-solution required 27.4 mL of 0.1 N solution of K,Cr,0, for 


oxidation. However before reduction with zinc, 20 mL of same 
solution required 17.96 mL of same K,Cr,O,. Calculate the 
mass of FeSO, and Fe,(SO,)3 per litre of the solution. 

[Hint: After reduction Fe,(SO, ); is also reduced to FeSO, and 
titration gives total concentration of FeSO, and Fe,(SO,))3. 
Titration before reduction gives only FeSO,. 


phe into ae ammonium ine i.e, Fe’** —— Fe**. 


Unreacted ferrous ammonium sulphate is estimated by potassium 
dichromate solution. 
MnO, + 2Fe’* + 4H* ——> Mn** + 2H,0+ 2Fe* 
Cr,OF + 6Fe** +14H* —> 2Cr** +7H,0 + 6Fe™* 
50 mL diluted ferrous ammonium sulphate solution 
=10 mL of 0.1N K,CrnO, 
500 mL diluted ferrous ammonium sulphate solution 
=10x10 mL of 0.1 N K,€r,0, 
=100 mL of 0.1 N FeAS 
2 Oe 100 = 302% 
1000 
Used FeAS = (20 — 3.92) = 16.08 g 


- x 16.08 = 1.784 g 


MnO, present in pyrolusite = - ae 


Percentage of pure MnO, = — x 100 = 59, 4%) 
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Caves 


1. (i) 54; Gi) 52.66; (ii) 158; (iv) M. w./10; (vy) 41; ; (vi) 32 - °34. With phenolphthalein 50 mL, with methyl orange 60 mL 
2 02N- . 3 WL ° 4. G08N>” © : 35. 3.528 g/L 36. 87.5% 

5 (a2)02N° ~ 6 45 9/L 7. 704% 37. NaCl 61.81%; KCI 38.19% 38. 96.31% 
8. 30% mo —— a te 39. 35.5% 41. 63, 126 42. 82% 

9, HCl = 42.69, H,SO, =57.31 10. 91.54% 43. 30.90 _ 45. (a) 50, (b) 150 mL 
11. 0.1435g 12. 50.0 13. «12 47. 1.6258 49, 94.7% 50. 337 mL 
14." Vol. of water = 225 mL : , 52. 81.25% 
15. Vol. of A = 200 mL, Vol. of B= 800 mL 53. Na,CO, =82.8%; Na,SO, =17.2% 
16. CaCO, = 48.78%, MgCO, =51.22% ; 54. Na,CO, = 0.5962; K,CO, = 0.6038 _ 

17. 60 mL 18. 53,106 19. Na,CO, =84.8% 56. %H,0, =85; Vol. O, = 124.79 mL _ 
20, 1.605 g 21. Na,CO, = 2.12 g/L, NaHCO, = 0.84 g/L - - 87. 41.52% 60. 14 61. 22.85 
22. NaCl =33.75%, Na,CO, = 66.25% 62. Na,CO, = 0.053 g; KOH = 0.014 g 


NaOH = 325g 


0.6.N 26. 88. 96% 66. N= 0.08, V = 0.448 

Contamination percentage 46.95% 67... 4.263 «68. «2g 

. 209.8 29. 10H,0- 30. 0.0075 N 70. 35.5% 71. 4.7% © “72. 76.125% 
35.5% |. 32. 5.372 g/L 33. 91.25 g/L, 2.5 N, 400 mL 73. 87% 74. 0.024 77. 59.4% 


O-g/L, NagCO =1.325 g/L 3, 400 mL 64. 3.675 g 65. BR 


10. 


11. 
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=e 


ae 


Set-1 : Questions with single correct answer 


. A normal solution: 


(a) contains one gram equivalent mass of the substance in one 
litre solution 


(b) contains one gram molecular mass of the substance in one | 


litre solution 


(c) contains one gram equivalent mass of the substance in 100 
mL of the solution 


(d) is that whose concentration is known 


. Which one of the following is a standard solution? 
- (a) It contains one gram equivalent mass of the substance in 


one litre solution 
(b) Its strength is accura 


12. 


13. 


14. 


15, 
_meed: 


G.R.B. PHYSICAL CHEMISTRY FOR COMPETITIONS 


JECTIVE QUESTIONS 


A molal solution is one that contains one mole of the solute in: 
(a) 1000 g of the solvent (b) one litre of the solvent 
(c) one litre of the solution (d) 22.4 litre of the solvent 
In alkaline conditions, KMnQ, reacts as follows, 

2KMnO, + 2KOH ——> 2K,MnO, + H,O + [O] 
Therefore, its equivalent mass will be: 
(a) 31.6 (b) 52.7 (c) 72.0 (d) 158.0 
0.1 N solution of Na,CO; is being titrated with 0.1 N HCl, the 
best indicator to be used is: 
(a) potassium ferricyanide (b) phenolphthalein 
(c) methyl] orange (d) litmus 
For the preparation of a litre of N/10 solution of H,SO,, we 


@ 98g) 49g © We 


(d)_98 g 


(c) Its strength is to be determined 
(d) A solution which has been prepared from pure substance 


. The molecular mass of H,PO, is 82. Its equivalent mass, if it is 


completely neutralised, is: 
(a) 82 (b) 27.3 (c) 41 (d) 246 

The molecular mass of Mohr’s salt, FeSO ,(NH,).SO, - 6H,0, is 
392. Its equivalent mass is: 
(a) 196 (b) 39.2 


(c) 98.0 (d} 392 


. According to the following equation, 


K,Cr,0, + 4H,50, —> K,SO, + Cr,(SO,), + 4H,0 + 3[0] 
the equivalent mass of K,Cr,O, is: 

(a) mol. mass/3 (b) mol. mass/6 

(c) mol. mass (d) mol. mass/12 

Amount of oxalic acid required to prepare 250 mL of N/1O 
solution (Mol. mass of oxalic acid = 126) is: 

(a). 1.5759 ¢ = (b) 3.15 g (c) 15.75¢ (d) 63.0¢ 
Normality of 2% H,SO, solution by volume is nearly: 

(a) 2 (b) 4 (c) 0.2 (d) 0.4 


. The molecular mass of KMnQ, is M. Its equivalent mass in 


acidic medium will be: 
(a) M (b) M/2 (c) M/S _ (d) M/4 
When KMnO, is reduced with oxalic acid in acidic medium, 
the oxidation number of Mn changes from: 
(a) 7 to 4 (b) 6 to 4 (c) 7 to2 
For the half cell reaction, 

2BrO; +12H* +10e —- Br, + 6H;0 


(d) 4to2 


> the equivalent mass of sodium bromate is: 


(a) equal to its mol. mass 
(c) 1/6 of its mol. mass 
In the reaction, 

I, + 28,037 —> 217 + $,07° 


(b) 1/3 of its mol. mass 
(d) 1/5 of its mol. mass 


equivalent mass of iodine is: 
(a) equal to its molecular mass 
‘(b) 1/2 the molecular mass 

(c) 1/4 the molecular mass 

(d) twice the molecular mass 


16. 


17, 


18. 


19. 


20. 


21. 


22. 


23. 


24, 


25. 


Molecular mass of a tribasic acid is M. Its equivalent mass 
will be: 

(a) M3 (b) 3M (c) M/2 (d) 2M 

A solution containing Fe?” ions is titrated with KMnO, 
solution. Indicator used will be: se. $B EOM 
(a) phenolphthalein ~ (b) methyl orange 
(c) litmus (d) none of these 
If 200 mL of N/10 HCI were added to 1 g calcium carbonate, 
what would remain after the reaction? 

(a) CaCO, (b) HCl 

(c) Neither of the two (d) Part of both 

How many mL of.l.M H,SO, acid solution is required to 
neutralise 10 mL of 1 7 NaOH? 

(a) 5 mL (b) 2.5 mL 

(c) 10 mL (d) 20 mL 

200 mL of'3 N HCI were mixed with 200 mL of 6 N H,SO, 
solution. The final normality of H,SO, in the resultant 
solution will be: 

(a) 9N (b) 3N (c) ON (d) 2N 

The volume of water to be added to 400 mL of N/8 HCI to 
make it exactly N/12, is: 

(a) 400 mL (b) 300 mL 

(c) 200 mL (d) 100 mL 

100 mL of 0.3 N HCi were mixed with 200 mL of 0.6 N 
H,SO, solution. The final normality of acid was: 

(a) 0.4.N (b) 0.5 N (c) 0.6 N (d) 0.9N 
The M mass of NaOH is 40.50 mL of a solution containing 2 g 
of NaOH in 500 mL will require for complete neutralisation: 
(a) 10 mL decinormal HC] (b) 20 mL decinormal HCI 
(c) 50 mL decinormal HCI (d) 25 mL decinormal HCI 
50g of a sample of NaOH required for complete 


neutralisation, | litre N HCl. What is the percentage purity of 


NaOH? 
(a) 80 (b) 70 ({c) 60 (d) 50 

Weight of iodine required to oxidise 500 mL N Na,S,0, 
solution, is: 
(a) 6.35 g (b) 63.5 g£ 


(c) 127g — (d) 254g 


26. 


27. 


28. 


29. 


32. 


33. 


34, 


St(g ENS: Snceg i nate Sten 
~(¢)-K Fe(CN),——_____(d)_K,Fe(CN), 


. 0.1 N solution of a dibasic acid can be prepared by dissolving 


VOLUMETRIC ANALYSIS 


25 mL. N K.CrO, acidified solution will liberate . °. iodine 
from KI solution. ; 
(a) 0.3175 g (b) 3.175 g) «(e) 3175g) (@) 3175 ¢g 


The indicator used in iodometric titrations is: 

(a) phenolphthalein (b) litmus 

(c) potassium iodide (d) starch 

Which of the following acids is added in the titration of oxalic 
acid and potassium permanganate? 

(a) HNO, (b) HCl 

(c) CH,COOH (d) H,SO, 

In the titration of K,Cr,O, iodometrically, near the end point 
the colour of the solution becomes: 

(a) green (b) red (c) yellow (d) blue 

In the titration of ferrous ammonium sulphate and potassium 
dichromate, the external indicator used is: 

-(b).-NH, CNS .- 


43. 


45, 


46. 


. -“Fhe-normality-of- 10%-(mass/volume)-acetic-acid. is:. -. 
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(a) 106 g per 100 mL (b) 53 g per 100 mL 

(c) 10.6 ¢ per 100 mL (d) 5.3 g per 100 mL 
Which one of these solutions has the highest normality? 
(a) 8 g KOH per 100 mL (b) 0.5 M H,SO, 

(c) 6gof NaOH per 100 mL = (d) N H3PO, 


‘| g of a metal required 50 mL of 0.5 N HCL to dissolve it. The 
equivalent mass of the metal is: 


(a) 25 (b) SO (c) 20 (d) 40 

What volume of CO, at NTP will be liberated by the action of 
100 mL of 0.2 N HCl on CaCO? 

(a) 112 mL (b) 224mL (cc) 448 mL (d) 120 mL 
The equivalent mass of phosphoric acid (H,PO,) is 49. It 
behaves as... . acid. 
(a) monobasic 

(c) tribasic 


(b) dibasic 
(d) tetrabasic 


0.45 g of the acid in water and diluting to 100 mL. The 
molecular mass of the acid is: - 

(a) 45 (b) 90 (c) 135 (d) 180 

100 mL of 0.2 N HCI solution is added to 100 mL of 0.2 N 
AgNO, solution. The molarity of nitrate ions in the resulting 
mixture will be: 

(a) 0.05 M (b) 0.5 M (c) 0.1 M (d) 0.2 M 

In an experiment, 20 mL of a decinormal HCI solution was 
added to 15 mL of a decinormal AgNO, solution. AgCl was 
precipitated out and excess of acid was titrated with N/20 
NaOH solution. The volume of NaOH required was: 


(a) 10 mL (b) 20 mL (c) 30 mL (d) $5 mL 
Iodine solution is prepared by dissolving iodine in: 
_ {a) NaOH (b) Na,CO, (c) H,O (d) KI 


35. 


36. 


37. 


38. 


39. 


40. 


41. 


42. 


Which one of the following is not a primary standard? 
(a) Oxalic acid (b) Sodium thiosulphate 
(c) Sodium hydroxide (d) Potassium dichromate 
Which one of the following is a primary standard? 

(a) KMnO, (b) CuSO, -5H,0 

(c) (d) H,SO, : 


When 10 mL of 10 M solution of H,SO, and 100 mL of 1 M 


solution of NaOH are mixed, the resulting solution will be: 
(a) acidic (b) neutral 
(c) alkaline (d) cannot be predicted 

1.0 g of a metal carbonate neutralises 200 mL of 0.1 N HCl. 
The equivalent mass of the metal will be: 

(a) 50 (b) 40 (c} 20 (d) 100 

The normality of a 26% mass/volume solution of ammonia 
(density 0.885 g/mL) is approximately: 


(a) 1.5 (b) 4.0 (c) 0.4 (d) 15.3 
The molarity of pure water is: 
(a) 18M (b) 50.0M  (c) 556M  (d) 100M 


5.0 g of H,O, is present in 100 mL of the solution. The 
molecular mass of H,O, is 34. The molarity of the solution is: 
(a) 15M (b) 015M (c) 30M (d) 50 M 

2 N solution of sodium carbonate is equivalent to a solution of 
strength: 


48. 


49. 


50. 


51. 


52. 


53. 


54, 


(a) 32 
. 5 mL of N HCI, 20 mL of N/2 H,SO, and 30 mL of N/3 HNO, 


fa}. {b) 10-N--_(¢) LZ M_{d) 0.83. N 
Equivalent mass of KMnO,, when it is converted to ee 
is: (oearp e 

. (a) MIS (b) M/3 (c) M/6 (d) M/2 


How many grams of CH,OH would have to be added to water 
to prepare 150 mL. of a solution that is 2.0 M CHLOE! 


we BARE I 

(a) 9.6 (b) 2.4 (c) 9.6 x 10° (d) 43 510 
On dissolving 1 mole of each of the following acids in one 
litre water, the acid which does not give a solution of pk 
1 Nis: : are 

(a) HCl (b) HCIO, (c) HNO, “@ HPO, 
0.16 g a dibasic acid required 25 mL of decinormal NaOH 


solution for complete neutralisation. The molecular 1 mass of 
the acid is: LEME Seg 


(b) 64 (c) 128 (d) 256 


are mixed together and volume made to one litre. Ine 


normality of the resulting solution is: (hai vi EEO: 
(a) NIS (b) N/1O 
(c) N/20 (d) N/40 - 


The equivalent mass. of MnSO, is half its’ molecular mass 
when it is converted to: 
(a)..Mn.0, 
(c) MnO; 
For the redox reaction, 
MnO; + C,0; + H* ——» Mn** + CO, + H,O 
the correct coefficients of the reactants for the balanced 
reaction are: ee ene 


(b) MnO, 
(d) MnO?" 


MnQ; ron 8 H* 
(a) 2 5 16 
(b) 16 Ss 2 
(c) 5 16 2 
(d) 2 16 5 
100 mL. solution consists 4 g caustic soda. The normality of 
the solution is: ear ; 
(a) 1.00 (b) 0.1 (c) 0.5 (a) 4.0 
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56. 


57. 


59, 


Sere Sagem sess (a) O14. escace (DOO 
——s = pe sA tO0 aul solution hE 04 HCI seas tiated. ath 00090 


61. 


62. 


66. 


67. 


68. 


(a) 1.6 M. 
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The amount of a caustic soda required for complete 
neutralisation of 100 mL.0.1 NHClis: perros 
(a) 4.0 g (b) 0.04 g (c) 04g (d) 2.0¢ 
What volume of N/2 and N/LO HCI should be taken in order to 
make a 2 litre solution of N/5 strength? 

(a) 0.5 litre N/2 HCI and 1.5 litre of N/10 HCl 

(b) 1 hitre A/2 HCl and 1 litre N/10 HCl 

(c) 1.5 litre N/2 HCI and 0.5 litre N/10 HCl . - 

(d) 0.7 litre N/2 HCI and 1.3 litre N/10 HCI 


ya 


. The molar concentration of the chloride ion in the solution 


obtained by mixing 300 mL of 3.0 M NaCl and 200 mal. of 
4.0 M solution of BaCl, is: 


(b) 18M () 50M (d) 0.5 M 
The normality of 0.3 M phosphorous acid GEES) is: 


(03. @.- 06.. 


69. 


70. 
with: one mole of sulphite 1 ion in acidic solution is: 


71. 


In In the reaction, — 


The number of moles: of KMnO, that will need to react 
completely with one mole of ferrous oxalate in acidic solution 
is: PibE Gbets ) POG Ty 
(a) 2/5 (b) 3/5 () 4/5 -(d) { 

The number of moles of KMn0, that will be needed to react 


thi tfyl a 


(a) 215 | (b): 3/5 - (c) 4/5 (d) 1 


The equivalent weight of KIO, in the reaction, 
2CKON)5 + OH + 110; — > 2CrO7 + 5H,0+ KI is: 


JPET ANE) Fae 
molecular weight . 


(a) molecular weight (b) 


; 3 
molecular weight molecular weight 


s ne ea: ae: 


NaOH solution. The titration was discontinued after adding 30 
mL of NaOH solution. The titration was completed by adding 
0.25 N KOH solution. The volume of KOH required , for 


completing the titration is: (Ob ieee 


(a) 70 mL (b) 32mL (ce) 35 mL (d) 16 mL 
An aqueous solution of 6.3 g of oxalic acid dihydrate is made 
up to 250 mL. The volume of 0.1 N NaOH required to 
completely neutralise 10 mL of this solution is: 33 
(a) 40 mL (b) 20mL(c) 1OmL od) 4 mL 
In order to prepare one litre normal solution of KMn0,, how 
many grams of KMnQO, are required if the solution is to be 
used in acid medium for oxidation? Pee PRES y len 
(a) 158 g (b) 31.6 ¢ (c) 62g @ 790. g 


QR By ay 
Bee) 


. 3g of an oxide of a metal is converted to chloride completely 
- and it yielded 5 g of chloride. Equivalent — on uy pee. 


is: 


(a) 33.25 (b) 3.325  — (c) 12 @ 20 
4. Phosphoric acid H,PO, can be neutralised to: 
(a) HPO} (b) PO} (c) H)PO; =) HPO} 


. ‘@ g KHC,O, required to reduce 100 mL of 0.02. @ KMnO, 


in acid medium and ‘b’ g KHC,O, neutralises 100 mL of 0.05 
M Ca(OH), then : . 

(a) a=b (b) 2a=b 

(c) a=2b (d)_none of these 

Which of the following statements is /are true about H,PO,? 
(a) It is a tribasic acid 

{b) One mole of it is neutralised by 0.5 mole of oom 
(c) NaH,PO, is acidic salt 

(d) It disproportionates to H,PO, and PH, on segein 
Mixture of 1 mole BaF, and 2 mole H,SO, can be neutralised 
by: ; 
(a) 1 mole KOH 
(c) 4 mole NaOH 


(b) 2 mole Ca(OH), 
(d) 2 mole. KOH 


28 NO; + 3As,S; + 4H,0 > 6AsO} + 28NO + 9802" + 8H*. 


What will be the equivalent mass of As,S, in above reaction? 
M. wt. a t. M. wt. 
oo © o> 


73. 


76. 


77. 


78. 


79. 


[405,07 ——3 2 2 5,0) 
equivalent weight of iodine will be equal to: 
TPS GSP ih 
(a) 4/6 of molecular weight 
(b) molecular weight 


“(c) 2/9 of molecular weight 


(d) twice the molecular weight, 

The volume of a concentrated H,SO,, mixed with 0.5 N KOH 
to prepare a cm? of 0.2 x KOH. seniton isssKOCHT pone 
{a) 50 cm? (b) 60cm? = (c) 70cm? — (d):- 80 cm? 


. For the decolorisation of 1 mole of KMnO,, the number of 


moles of H,O, required is: 
(a) 1/2 (b) 3/2 


STERES “RGas 


(c) 52 @ 72 


_ The product of oxidation of I~ with MnO, in alkaline medium 
as: "UPR eSN Trl 


(a) 103. (b) I, (c) 10" (d) 10; 
Volume of 0.1 M K,Cr,O, required to oxi 35 mL of 0. > 
M FeSO, solution is: Dob iy: winked 
(a) 29.2 mL - (b) 17.5 fal 

(c) 175 mL (d) 145 mL 


A commercial sample of H,O, is labelled 10 welenoe: as 
percentage strength is nearly: i? 
(a) 1% (b) 3% (c) 10% (a9 90% - . 

30 mL of 10 N H,SO,, 25 mL of 12 N HCI and 40 mL of SN 
HNO, are mixed and the volume of the mixture is made 1000 
mL. by adding water. he. ee of a eae Soiuhen 
will be: *, 3 


(3N - 


(a) 1N w2N (@)4N 
(ey) 9 N 2 3 
(Hint: NW, + NW + NyVy=NgXVp: 


10x 50+ 12x 25+5x40=Np x 1000 
500 + 300 + 200=N, x 1000 
Nz = 1 (Resultant normality)] 
Acidified KMnO, oxidizes oxalic acid to CO,. What is the 


PUT: 


volume (in litre) “of 10 M KMn0O, required to completely — 


oxidize 0.5 litre of 107? M ee ee in acid ined? 


eae 


(a) 125 (b) 1250 () 200° @) 20 


80. 
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COOH 


[Hint:" 2KMnO, + 3H,SO, +5 | —> K,S0, 
COOH . 
+ 2MnSO, + 10CO, + 8H,O 
eon 
MY MW. 
— (KMnO,) = —24| | | 
mM "2 \ COOH, 
10x VY, . 10? 0,5 
2 5* 5 
¥,=20L] 


The concentration of oxalic acid is ‘x’ mol litre’. 40 mL of 

this solution reacts with 16 mL of 0.05 M acidified KMnO,. 

What is the pH of ‘x’ M oxalic acid solution? 

(Assume that oxalic acid dissociates completely.) 
JEAMCET (Enge.y 2006] 
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(a) 392 " (b) 31.6 (c) 278 (d) 156 
86. To neutralise completely 20 mL of 0.1 M aqueous solution of 
phosphorus acid (H;PQ3), the volume of 0.1 M aqueous KOH 


solution required is: [damia Miia dslamia i .3.) UP 
(a) 10mL .  (b) 20 mL. (c) 40 mL (d) 60 mL 
[Hint: H;PO, + 2KOH ——> K,HPO, + 2H,O 
, MY, _ MV, 
01x20. O.1xVy 
1 oe 
V,=40 mL] . 


87. 10 cm? of 0.1 N monobasic acid requires 15 cm? of sodium 
hydroxide solution whose normality is : 
(a)0.066N (b)0.66N (c) ISN’ (d) 0.15 N 

PACU EY 2OOBY 

{Hint :--" NV; 


=N V5 Pais BPD ences 


ADB) 1.699000 (eh AD 2 
Sees aires oe tS COOH Sone oe tn = 
[Hint: 2KMnO, + 3H,SO, +5 | ——> K,SO, + 2MnSO, 
COOH 
+ 8H,0 +10C0, 
COOH 
: MV, (KMno,) = “22 | . 
ee --2.-\ COOH | 
0.05x16  xx.40 
2 5 
x=0.05M 


81. 


82. 


83. 


84. 


wn 
wa 


[H* ]=2x 0.05 = 01M 
pH = — log (H*) = — log (0.1) = 1] 
Consider the titration of potassium dichromate solution with 
acidified Mohr’s salt solution using diphenylamine as 
indicator. The number of moles of Mohr’s salt required per 
mole of dichromate is: CUPP 2067) 


(a) 3. (b) 4 (c) 5 (d) 6 


Hint: Cr,03” + 6Fe’* + 14H* —— 2Cr** + 6Fe** + 7H,0 


1 mole of dichromate oxidises six moles of ferrous ion present in 
Mohr’s salt] 
The number of moles of KMnO, that will be needed to react 
with one mole of sulphite ion in acidic solution is: 
[CBSE (Aled.) 2007] 
4 2 3 
(a) = (b) = (c) 1 (d) = 
: 5 5 5 
{Hint: The redox reaction is: 
2MnOj + SSO} + 6H* ——> 2Mn’*. + 5807" + 3H,O 
1 mole SO will be oxidised by = mol of MnO} ] 


For the reaction between KMnQ, and H,0,, the number of 
electrons transferred per mole of H,O, is: 
{PATT (Harvana) 2667| 


(a) one (b) two (c) three (d) four 

Number of moles of K,Cr,O, reduced by one mole of Sn** is 
PMT (Rajj 2007] 

(a) 1/3 (b) 3 () 6° 6 


. The formula mass of Mohr’s salt is 392. The iron present in it 


is oxidised by KMnO, in acid medium. The equivalent mass 
of Mohr’s salt is: 


ig nee sagen} aon 3 “Setar 
iindranrasth (epee. 2007] 


“OTXT0= NZ oo SS 
Nz = 0.066 } 

88. Amount of oxalic acid present in solution can be oxidised by 
its titration with KMnO, solution in the presence of H,SO,. 
The titration gives unsatisfactory result when carried out in the 
presence of HCI, because HCI: (AVL EE 
(a) oxidises oxalic acid to carbon dioxide and water 
(b) gets oxidised by oxalic acid to chlorine 
(c) Furnishes H® ions in addition to+hose from oxalic acid 
(d) reduces permanganate to Mn?* 


roe 
AUGe F 


89. How many moles of acidified FeSO, can be aati 
oxidised by one mole of KMnO,? (BHU alns) 2008] 
» (a) 10 (b) 5 (c) 6 (d) 2 
[Hint: 2KMnO,+ 3H,SO, > K,SO,+ 2MnSO,+ 3H,0+ 5[O] 
[2FeSO, + H,SO,+ [0] > Fe,(SOq); + H,0]x 5 


2 KMnO, + 10FeSO, + 8H.SO,— K,SO,+ 2MnSO, 
+ 5Fe,(SO,); + 8H,0 
2 mole KMnO, = 10 mole FeSO, 
1 mole KMnO,=5 mole FeSO,] 
90. In the titration of nitric acid against potassium carbonate, the 
indicator used is : ca) 208> 
(a) methyl orange (b) self indicator 
(c) phenolphthalein _ (d) diphenylamine 
91. In transforming 0.01 mole of PbS to PbSO,, the volume eer 10 
volume H,O, required will be : jek 
(a) 11.2mL (b)22.4mL (c) 33.6 mL 
[Hint ; PbS + 4H,0, —» PbSO,+ 4H,0 
0.04 mole of H,O, is required to react with 0.01 mole PbS. 
Molarity of H,O, may be calculated as, _ 
Volume strength = Molarity x 11.2 


iComed Gcarnals 


AB) 262 


(d) 44.8 mL 


10=M x11.2 
M=0.892 
Number of moles = ses 
1000 
ana. UY 
1000 


V=44.8 mL] 
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92. A solution containing Na,CO, and NaOH requires 300 mL of 


0.1 N HCl using phenolphthalein as an indicator. Methyl 
orange is then added to above titrated solution when a further 
25 mL of 0.2 N HCl is required. The amount of MAOH aia 
in the original solution is: ; 
(05g (bg (2g 4g 
[Hint : 300 mL HCI of 0.1 N neutralises entire amount of NaOH 
and 1/2 of Na,CO3. Remaining 1/2 of Na,CO, is neutralised by 
25 mL of 0.2 N HCI, i.¢., 50 mL of 0.1 N HCI. 
Thus, 250 mL of 0.1 NM HCl is required to neutralise NaOH 
completely. 

N,V, (NaOH) = NV¥>(HCI) 


= 01x 250 

=25 

_ ENV _ 40x25 _ 
noe 1000 1000 8] 


used as oxidising agents in acidic medium for oxidation of 
ferrous ammonium sulphate to ferric sulphate. The ratio of 
number of moles of ceric ammonium sulphate required per 
mole of ferrous ammonium sulphate to the number of moles of 
KMn0O, required per mole of ferrous ammonium sulphate is: 


(a) 5.0 (b) 0.2 (c) 0.6 . (d)2.0 
[Hint : Oxidation of ferrous ammonium sulphate by KMnO, is : 
2KMnO, + 8H,SO, + 10FeSO,-(NH,).SO,-6H,O —— ° 


K,SO, + 2MnSO, + 5Fe,(SO,); + 10(NH,),SO, + 68H,0 
1 mole of FeSO,(NH,),SO,-6H,O consumes 1/5 mole of 
KMn0,. 


94, 


ee 
tat 


(c) lodimetric titration _ 


R.B. PHYSICAL CHEMISTRY FoR COMPETITIONS 


Fe" +Ce* me +Ce* 
Required ratio = as = 5.0] 


One kilogram of sea water a contains 6 mg of dissolved 
Q,. The concentration of O, in the a in a is: 


(a) 0.6 (b) 6.0 

(e) 32.0 

[Hint : 1 kg water = 10° mg: 
10° mg water contains 6 mg O, 


(c) 60.0 @ 16.0 


*. Concentration of O, is 6 ppm.] 


7 The estimation of available chlorine: i in Bleaching Se is 


done by: 


(a) Acid-base titration (b) henna ganetheiaa: titration 


(d) lodometric titration 


What volume of 0.1 MH MH) SO, i is required in litres to neutralize 


(Hint: Myon = 


completely 1 litre of a solution containing 20 g of NaOH? 


(a) 5.0 (b) 0.5 (c) 2.5 
Wy X1000 201000 _ 
myx¥ 40x 1000 


(4) 10.0 


Reaction : H,SO,+2NaOH —~ Na,SO,+ 2H,O0 
MV, Movs 
1 2 
O1xV, = 05x] 
V,=25L] 
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Assertion-KReasom TYPE QUESTIONS 
The questions given below consist of an ‘Assertion’ (A) and ~ 8, (A) In the titration of HCI against NaOH, phenolphthalein is- 
‘Reason’ (R). Use the following keys to choose the appropriate used as suitable indicator. 
answer: 


(R) Phenolphthalein is pink coloured in basic medium. 


(a) If both (A) and (R) are correct, and (R) is the correct 
explanation of (A). 

(b) If both (A) and (R) are correct, but (R) i is not the correet 
explanation of (A). 

(c) If (A) is correct, but (R) is incorrect. 

_& If (A) is incorrect, but (R) is correct. 

. (A) HPO, is a dibasic acid. 

(R): Two H-atoms are directly attached to phosphorus ‘P’. 


2, (A) Equivalent mass of KMnO, is equal to one-fifth of its mo- 


~ lecular mass when i it acts as an oxidising | agent in acidic n me- 


“a Rai 21 ae pre eee 


(R) Oxidation number of Mn i in KMnO, is +7. 


%. (A) 5 M HCI solution is diluted 10 times, its molarity becomes 


50. 
(R) On dilution, molarity of the solution decreases. 


‘, (A) Inthe reaction, 28,037 + 1, -».8,02° + 21°; 1, is oxidised. 


{R) During oxidation, loss of electron takes place. ° 


(A) Concentration of HO, is expressed in volume. 

(R) Volume strength of H,O, = Normality x 5.6. 

(A) Iodimetric titrations are redox titrations. 

(R) The iodine solution acts as an oxidising agent. 

(A) Starch is used as absorption indicator in iodometric and 
iodimetric titrations. ; 

(R) Starch forms iodostarch complex with iodine, which is blue 
coloured. 


.. (A) H,BO, is monobasic Lewis acid but its salt Na;BO3! exists. ; 


(R) H,BO, reacts with NaOH to give Na,BO,. ~ 
{Hint ~H,BO;+* NaOH => NaB(OH), 
' 3C,H,;OH + H,BO, ——> (C,H, ),BO, + 3H,O 
(C,H, );BO, + 3NaOH ——> Na,BO, + 3C,H,OH] 
Molecular weight 
Acidity 


(A) Equivalent weight of a base = 


- (R)- Acidity is-the number of meplaceeele. nycregen atoms: in one——~ 


molecule.of the base. 


. @ 8. (0) 


1. (a) © 2B) 3. (c) 4. (d) =. (b) 6 fa) 7 
9 (c) 10. (d) - ik. (b) 12. (a) 13. (d) 14, (c) 15. (b) 16. (a) 
7. dd) 1s. () a (a) 20. (b) 21. (c) ° 22. (b) 23, (c) 24, (a) 
25, (b) 26. (b) 27. (d) 38. (d) 29.. (a) 80. (c) 3t. (b) 32. (c) 
33. (a) 34. (d) 38. (c) 36. (b) 37. (a) 32. (a); 39. (d) 46. (c) 
41, (a) 42. (c) 42, (c) - 44. (d) 45. (b) 46. (b) 47. (c) 48. (a) 
49, (a) 50. (d) 51. (c) 52. (d) 32. (b) 54, (a) 55, (a) 56, (c) 
57. (a) 58. (c) 56, (d) - 5. (d) 4t. (a) 62. (b) 63. (a) 44. (a,b,c) 
&%. (b) 66. (b,d) €7. (b,¢) 62, (d) 68. (b) 70. (a) 74. (c) 72. (b) 
73. (b) 74. (c) - 75. (a) 76. (a) 77. (b) 78. (a) 79. (d) 80. (c) 
2, @d) 82. (b) 23. (c) ad. (a) 85. (a) 86. (c) 87, (a) 88. (d) 
39. (b) 8g. (c) 91. (d) 52. (b) 83. (a) 94, (b) 85, (d) 96. (c) 
pbuswels | ASSERTION-PEASON TYPE Ou 
£ (©) 2. (b) 3. (d) 4. (d) 
¥() 10. () 
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1. The value of n in the equation, 
-Cr,05> +14H* + ne~ —» 2Cr** +7H,O 
is: 
(a) 2 (b)30 (c) 4 (d) 6 


2. The number of moles of acidified KMn0O,, required to oxidise- 


one mole of ferrous oxalate (FeC,O,) is: 

(a) 5 (b) 3 (c)0.6 @ 1s 
42 43-2 

Hint: KMn0j + es ——» Mn™ + Fe*! + + 2€0, 


' Rédiction ~~ 


‘el Bp - Sinn a SEEN. Sead, be ES eles Gi heated 


- Se 3e° ; 
5 mole FeC,0, =3 mole KMnO, 
: I mole FeC,0, = 0.6 mole KMnO, ] 
3. A solution contains Na,CO,; and NaHCO,. 10 mL. of the 
_ solution required. 2.5. mL_ of 0.1 M_H,SO, for_ neutralisation 
using phenolphthalein as indicator. Methyl orange is then 
-added when a further 2.5 mL of 0.2 M H,SO, was required. 
Then the amount of Na,CO,; and NaHCO, in | litre of the 
solution is: 
(a) 5.3 g and 4.2 g (b) 3.3 g and 6.2 g 
(c) 4.2 g and 5.3 g (d) 6.2 g and 3.3 g. 
4. Vv, mL of NaOH of normality x and V, mL of Ba(OH), of 


normality y are together sufficient to neutralize exactly 100 


mL of 0.1 N HCL If Y:V, =1:4 and if x: y=4:1, what 
fraction of the acid is neutralised by Ba(OH),? 
{ay0.5 (b) 0.33 (c) 0.67 (d) 0.25 
5,- A0,518 g sample of limestone is dissolved in HCI and then the 
calcium is precipitated as CaC,O,. After filtering and washing 
the precipitate, it requires 40 mL of 0.25 N KMnO, solution 
’. acidified with H,SQ, to titrate it as, 
MnO; + H* + C,07° —> CO, +-Mn’* + 2H,O 


The percentage of CaO in the sample is: , 


(a) 54% (b) 27.1% (c) 42%" (d) 84% 


[Hint: Number of, milliequivalents of CaC,0,, KMnO, and - 


CaO will be same. © 
40 x 0.25 = wine x 1000 


W = 0.28 g (Mass of CaO) 


% Cad = 2228 100 = 54%] 
0518 


6. When 40 mL of 0.1 N HCI and 20 mL of 0.1 M H,SO, are 
es together, the a of be akc will . 


@) NO. ) = = © = > 
es N+ a =Na(h\ + —- 
0.1.x 40 + 0.2 x 20 = N2(60) 
Reece 
e 6015 


i an | 
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VILE 


7. What is the normality of 0.3 M H;PO, when it undergoes the 
reaction as? 


HPO, + 20H ——> HPO?” + 2H,0 


(a) 0.3. N (b)OISN  (c)O060N (d) 0.90 N 
8. In the mixture of (NaHCO, + Na ,CO,), volume of HCl 
required is x mL with phenolphthalein indicator and y mL with 
methyl orange indicator in same titration. Hence, volume of 
HC! for complete reaction of Na,CO3 is: 
(a) 2x (b) y (c) x/2 (d) (y~ x) 
i. [Hint: In presence of phenolphthalein, 50% NajCO3 is _ 


“methyl orange, both Na,CO, and NaHCO, “will be 100% 
neutralised. 

Let volume of HCI for complete reaction of Na,CO, = V, mL and 
volume of HCI for complete reaction of NaHCO, = V7, mL. With 
phenolphthalein, 50% Na,CO, will be neutralized. 


“Nip yedy a 
2 ‘ : 


9. 40 mL of 0.05 M Na,CO, - NaHCO, - 2H,O (sesquicarbonate) 

"is titrated against 0.05 M HCl. x mL of HCI is used when 

- phenolphthalein is the indicator and y mL HC! is used when 
methyl orange is the indicator in two Separate t titrations; hence — 


(y ~ x) is: 
(a) 80 mL (b) 30 mL 
(c) 120 mL (d) none of these 


10. Equivalent mass of H,PO, when it disproportionates into PH, 
and HPO, is (Molecular mass = M): 


M M "3M 
(a)M_ (b) a (c) ee (d) A 


+1 +3 M 
[Hint: H,PO, ——» H,PO,; Eq. wt. = > 


(Change in oxidation number = 2) 


(Change in oxidation numbet = 4) 


The equivalent mass of H;PO, in the process of 
: M 


disproportionation = ad +—= a 
2 #4 
11, The reagent commonly used to determine hardness of water 
titrimetrically is: 
(a) oxalic acid (b) disodium salt of EDTA 
(c) sodium citrate (d) sodium thiosulphate 
12. The equivalent mass of sodium thiosulphate (Na .$,03 -5H,O) 
in the reaction, 
2Na,5,0, +1, ——> 2Nal + Na,S,0, 
is: 
(a) 248 (b) 124 (c) 596 (d) 62 
13. If 100 mL of the acid is neutralised by 100 mL of 4 M NaOH, 
the purity of concentrated HCl (sp. gravity = 1.2) is: 
(a) 12% (b) 98% (c) 73% (d) 43% 


14, 


15. 


16. 
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2 moles of FeSO, are oxidised by x moles of KMnO, in acid 
medium into ferric sulphate. 3 moles of ferric oxalate are 
oxidised by y moles of K,Cr,O, in acid medium. The value of 


* (x/y) is: 
(a) 6/5 


(b) 2/15 ~ (c) 18/5 (d) 3/5 

What volume of 0.05 M Cr,03" in acid medium is needed for — 

complete oxidation of 200 mL of 0.6 M FeC,Q, solution? 

(a) 0.6 L (b) 1.2L © (ce) 24L. (d) 3.6L 

KMn0O,, reacts with oxalic acid according to the reaction: 
2KMnO, +5C,07 + 16H" —> 2Mn**'+40CO, + 8H,0 

Then, 20 mL of 0.1 M KMn0, is ‘equivalent to: — 

(a)'30 mL of O05 MC 2H,O, (oxalic acid) = 

(b) 50 mL of 0.1 M C,H,O, (oxalic acid). . 

(c) 20 mL of 0.5 M C,H,O, (oxalic acid) 


; _(d) 10 mL of 0.1 M emt a acid) 


17. 


18. 


~~ (@) 13 


19. 


20. 


Oa 6) 


21. The equivalent mass of MnSO, becomes half of its molecular 
mass when it is converted into: 


. (a) MnO; 


(b) MnO; or MnO, 
(c) Mn02™ 


(d) Mn,0" 
(+2) (+4) 
[Hint: When MnSO, is converted to MnO,, the oxidation 


number changes by 2, thus 
Molecular mass 


_ Equivalent mass of MnSO, = Selene, 


22. A solution.of 10 mL of us FeSO, was titrated with KMnO, 


solution in acidic medium; the amount of KMnO, used will 
. be: 


(a) 10 mL of 0.5 M 
(c) 10 mE of 002M 
7 (Hint: ‘The involved reaction is: 


~ (b) 10 mL of 0.1M 
ds mL of 1M 


tae 28 (KMn0, =A AC.0¢ a ent cee 


ny 
0.1% 20 _ Ve 
a nae ow 
Moh, =5. 


(It is possible in case’ of b.)] 


Potassitim permanganate is titrated against ferrous ammonium 

sulphate in acidic medium; the equivalent mass of potassium 

permanganate. is: 
‘molecular mass \ molecular mass 


3 : 5 
(©) molecular mass ; (d) molecular mass 
2 i : 10 
The ionic reaction involved in titration is: 
MnO, + 5Fe** +8H* ——> Mn”* + 4H,0 + 5Fe* 
Since, a molecule of KMnO, accepts 5 electrons in acid medium, - 
eee a i 


Number of moles of K,Cr,O, that can be reduced by 1 mole of 
Sn?* ions is: 


[Hint: 


its equivalent mass will be 


(b) 3/2 
[Hint: The redox reaction is: 
Cr,02- + 14H* + 3Sn2* —> 2Cr* +7H,0 + 3sn"* 


(c) 5/6 . @) 6/5 


.. 1 mole of Sn** will reduce 1/3 mole of K,Cr,O,] 


Potassium permanganate acts as an oxidising agent in acidic, 
alkaline as well as neutral media. Which among the following 
statements is incorrect? 

(a) N = M/5 (in acid medium) 

(b) N = M/3 (in alkaline medium) 

(c) N = M/3 (in neutral medium) 

(d) N = M (in alkaline medium) 


‘The number of equivalents of Na,S,0; required for the 


volumetric estimation of one equivalent of Cu2* is 

(a) 1/3 . (b) 1 {c) 3/2 - (d) 2/3 
{Hint: Number of equivalents of reacting species in a chemical 
reaction are same.] 


7 


‘2KMnO, + 8H,SO, + 10FeSO, 
——> 5Fe,(SO,4)3 + 2MnSO, + K,SO, + 8H,0 


Be (KMn0O,) = mY. 2 ESO4) s 
ny 
MV, _ 0.1x10 
2 10 


MV, = 0.2 which is possible i in (c)] 
23. Among the following reactions, used in titrations, select the 
_feaction(s) i in which the chlorine is oxidised: 
1. MnO, + 4HCI——> MnCl, + Cl, + 2H,O 
2.. 2KI+Cl,-—>2KCl+I, 
3. CaOCl, + H,O ——> Ca(OH), + Cl, 
4, CrO,Cl, + 2NaOH —~ Na,CrO, + 2HCI 
(a) reactions 2, 3 and 4 (b) reaction 1 only 
(c) reactions 1 and 3 (d) reaction 4 only 
- (e) reactions 2 and 4 
24. Oxalic acid dihydrate, H,C,O,-2H,O(s) is often used as a 
primary reagent to standardise sodium hydroxide solution. 
Which of these facts are reasons to choose this substance as a 
primary standard? 4 
-L. It is diprotic. - : 
TL It is a stable compound that can be weighed directly i in air. 
“te ‘It is available in pure form. 
(a) HI only (b) I and II only 
(c) Il and III only. (d) 1, I] and IIT 
25. A20 mL sample of a Ba(OH), solution is titrated with 0.245 
MHUCL If 27.15 mL of HCl is required, what is the molarity of 
the Ba(OH), solution? — 
(a) 0.16644 (b)0.180M (c)0.333.M (d) 0.666 M 
26. A solution of which substance can best be used as both titrant 
and its own indicator in an. oxidation-reduction titration? 
(a)I, (b)NaOCi = (c) K,Cn 0, (d) KMnO, 
27. A0.2 g sample of benzoic acid, CgH;COOH, is titrated with a 
0.120 M Ba(OH), solution. What volume of the Ba(OH), 
solution is required to reach the equivalence point? 


_ Substance Molar mass 
- CH,COOH 122.1 g mol”! 
(a) 6.82 mL (c)17.6mL  (d) 35.2 mL 


(b) 13.6 mL 
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28. What mass of magnesiuin hydroxide is required to neutralise 
125 mL of 0.136 M HCI solution? 


Substance _ Molar mass 
Mg(OH), 58.33 g mol”! 
(a) 0.248 g (b)0.496¢ (€) 0.992 g (d) 1.98 g 


29. In the titration of K,Cr,O, and FeSO,, the following data is 
obtained: V, mL of 1M, K,Cr,O, requires V, mL of 1M, 
FeSO,. Which of the following relations is true for the above 
titration? 

(a) 6M,V, = M2V, 
(c) MV, = MV, 
(Hint: 
K,CrO, + 7H,SO, + 6FeSO, —~> K,SO, 
+ Cr,(SO4); + 3Fe,(SO,)3+ 7H,O 


(b) MV, =6 MV, 
' (d) 3M,V, = 4M,V, 


. MP ee Oe) MY, (FeSQ,).. 
: Miia 2 
MV, My. tst—~CSS 
1 6 
6MV, = MV] 


30. When 20 mL of x NaOH are added to 10 mL of = HCl, the 


resulting solution will: 
(a) turn blue litmus red 
(b) turn phenolphthalein solution pink 
(c} turn methyl orange red 
(d) have no effect on either red or blue litmus : 
31, A sample of coconut oil weighing 1.5763 g is mixed with 25 
mL of 0.4210 M KOH. Some KOH is used in saponification of 
coconut oil. After the saponification is complete, 8.46 mL of 
0.2732 M H,SO, is required to neutralize excess KOH. The 
saponification number of peanut oil is: 
(a) 209.6 (b) 98.9 (c) 108.9 (d) 218.9 
[Hint: Number of milliequivalent of KOH added - 
: = 25 x 0.421 = 10.525 
. Number of milliequivalents left unreacted 
= Number of milliequivalents of H,SO, used 
= 8.46 x 0.2732 x 2 = 4.623 
Number of milliequivalents of KOH used by oil 
= 10.525 — 4,623 = 5.902 


Moss of KOH used = CR aEEAE 0.3305 g = 330.5 mg 
1000 
Saponification number = Mass of KOH in mg used by I g oil or 
fat 
= 0.3305 x 1000 = 209.6] 
1.5763 


22, 12.5.mL of a-solution containing 6 g of a dibasic acid in one 
litre was found to be neutralized by 10 mL of a decinormal 
solution of NaOH. The molecular mass of the acid is: 

(a) 110 (b) 75 (c) 120 (d) 150 
[Hint: NV, (acid) = NV, (base) 


N,x125=+x10 
10 


L= 


12:5 


(Here, basicity of H,SO, =2) - 


33. 


35. 


36. 
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Strength = N x Ew 


6= ae x Ew 
12.5 
Ew=75 
Molar mass = Equivalent mass x Basicity 
=75x2=150] 


20 mL of 0.1M H,BO, solution on complete neutralisation 
requires x mL of 0.05 M NaOH solution. The value of x will 
be: 

(a) 20 mL 
[Hint: 


(b) 40 mL (c) 120 mL 
Boric acid is monobasic acid. 
H,BO, + NaOH ——> Na{B(OH), | 
Mil 2 My 
oe 
0.1% 20 0.05xx 
rc weir 
eM — aati pa 


(d) 80 mL 


The ammonia evolved from the treatment of 0.30 g of an 


organic compound for the estimation of nitrogen was passed 

in 100 mL of 0.1 M sulphuric acid. The excess of acid 
required 20 mL of 0.5 M sodium hydroxide solution for 
complete neutralization. The organic compound is: 

(a) acetamide (b) benzamide  (c) urea. (d) thiourea 
(Hint: -H,SO, + 2KOH —> K,SO, + 2H,0O 


V ; ; 
win (excess H,SO,) = =P (KOH) 
1 2 
V, =50 mL 


Volume of sulphuric acid used up to absorb NH; = 50 mL 

%N 28x MV _ 2.8x 0.1% 50 _ 4 ¢ 

W 0.3 

Thus, the organic compound will be urea, which has 46.6% 
nitrogen. | : 
A solution contains Na,CO, and NaHCO;; 10 mL of this 
solution required 2.5 mL of 0.1 M H,SO, for neutralisation 
using phenolphthalein mdicator. Methy! orange is added after 
first end point, further titration required 2.5 mL of 0.2 M@ 
H,SO,. The amount of Na,CO, and NaHCO; in | litre of the 
solution is: 
(a) 5.3 gand4.2¢ (b) 3.3 g and 6.2 g 
(c) 4.2 g and 5.3 ¢ (d) 6.2 g and 3.3 g 
MnO; ions are reduced in acidic condition to Mn?* ions 
whereas they are reduced in neutral condition to MnO,. The 
oxidation of 25 mL of a solution X containing Fe** ions 
required in acidic condition, 20 mL of a solution ¥ containing 
MnO, ions. What volume of solution ¥ would be required to 


oxidise 25 mL of solution ¥ containing Fe? * ions in neutral 
condition ? 


(a) 11.4 mL (b) 12 mL 
(c) 33.3 mL (d) 35 mL 
(e) 25 mL 


[Hint : 


Acid medium 
MnO; + 5Fe** + 8H* —> Mn?* + 5Fe** + 4H,O 


MY, 
] 


5 


- My, 


M, x20 M, x25 


1 


5 


. (d) 


. (b) 


« (b) 


» (c) 
- (d) 
. (a) 
. (d) 
. (c) 
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.-(i) 


Neutral medium : 
MnO; + 3Fe™* + 4H* —-> MnO, + 3Fe** + 2H,O 


MV, = MV 
1 3 
(=) x V, = Mi x05 x25 . 
3 
V, =33.3 mL] 
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5. (a) 
13. (a) 
' 21. (b) 


29. (a) 


6. (b) 
14, (b) 
22. (c) 

30. (b) 


ee 


15. (b) 
23. (c) 
31. (a) 


———“weiohing 3.2 2 of the dry anhydrous salt, dissolving it in distilled — 
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my < LINKED COMPREHENSION Type Questions @= 4 


e Passage 1 


Pyrolusite, MnO,, is the main ore from which manganese is 
produced. The manganese content of the ore may be determined by 


reducing the MnO, under acetic conditions to Mn** with the oxalate 


ion, C0; ~, the oxalate ion being oxidised to carbon dioxide during 
the reaction. The analytical determination is carried out by adding a 
known excess volume of oxalate solution to a suspension of the 
pyrolusite and digesting the mixture on a hot water bath until all the 
MnQ, has been reduced. The excess, unreacted oxalate solution is 
then titrated with standardised potassium permanganate, KMnO, 
solution after which the manganese content of the ore can be 
calculated. 


A student prepared a standard Solution a sodium oxalate by 
water and making the solution up to 500 mL. 25 mL of the oxalate 
_ solution required 24.76 mL of KMnO, solution. 

Answer the following questions: 

1 lied is - ae mass of eee in the present titration? 

: 2M.w. 
@* oe a «M (d) 


ou many moles of ie ions will S oxidised by : mole 


MnO;? 
(a) 1/2 (b) 3/2 (c) 5/2 (d) 7/2 
3; Molarity of the. sodium oxalate solution is .... 
(a)-0.04776 (b) 0.07446 © (c) 0.06447 (d) 0.07644 
4, What is the molarity of KMnO, solution? 
. (a) 0.04776 (b) 0.01929 = (c) 0.038 (d) 0.028 


' 5. Role of KMnO, in the given titration can nbs described as: 
(a) oxidising agent 
(b) reducing agent 
(c) indicator 
(d) oxidising agent and indicator 


® Passage 2 


For a series of indicators the following colours and pH range 
over which colour change takes place are as follows: 


Indicator Colour change over pH range 
U yellow to blue ( pH 0 to 1.6) 
V red to yellow (pH 2.8 to 4.1) 
W red to yellow ( pH 4.2 to 5.8) 
x ; yellow to blue ( pH 6.0 to 7.7) 
Y colourless to red | ( pH 8.2 to aD 


Answer the following questions: 


1. Indicator V could be used to find the isis point for 0.1 
M acetic acid and 0.1 M ammonium hydroxide solution: 
(a) True — (b) False 

2. Indicator ¥ could be used to distinguish between the solutions 
of ammonium chloride and sodium acetate solution: 
(a) True (b) False 


3, Indicator X could be used to distinguish between the solutions 
of ammonium chloride and sodium acetate solution: 
(a) True (b) False 
4," Indicator W would be suitable for use in the determination of 
‘the concentration of acetic acid in white vinegar by base © 
titration: | 
(a) True (b) False 
5. Indicator U could be used to distinguish between 0.1 M and 
0.01 M solution of sulphuric acid: 
{a) True (b) False 


e Passage 3 


_ Chemists work with standardised solution, a solution whose 
concentration is known, Th he requirements to standardise the solution 


are: 

1. the volume of the solution. 

2. the number of moles of solute in that volume. 

A primary standard solution is used in determining the molarity 
of a solution. To find the molarity of HCL 0.317 g of Na,CO,, the 
primary standard dissolved in water, is used in titrating the solution. 
of HCl. 22.9 mL of acid are required to neutralise the sodium 
carbonate. This is the needed volume (first requirement). The 
stoichiometric equation is used to know the second requirement. 


2HCl(aq.) + NayCO3(aq.) —> 2NaCl + HO +CO,7T 


Answer the following questions: : 
1, What is the molarity of HCI in the above case? 


(a) 0.261 M (b) 0.522 M (c) 0.1M (d) 1M 
2, Equivalent mass of Na,CO; in the above equation will be: 
(a) 106 (b) 53- (c) 26.5 (d) 13.25 


3. The suitable indicator in the above titration will be: . 
' (a) phenolphthalein (b).methyl orange | 


(c) litmus (d) bromothymol blue 
4. Solution of Na,CO, in water will be: 
_ (a) acidic (b) neutral 
(c) basic (d).cannot be predicted 


5. What fraction of Na,CO3 will be neutralised by HCI in 
presence of phenolphthalein indicator? 
(a) 1/3 (b) 2/3 (c) 1/2 (d) 1/4 


e Passage 4 _ . 
0.5 g bleaching powder was suspended in water and excess KI is 
added. On acidifying with dil. H,SO,,I, was liberated. which 


required 50 mL of N/\O hypo (NaS 10, +5H,O)in presence of starch. 
The reactions involved are: 


I. CaOCl + H,SO, —— CaSO, + vu +Ch 
Il. 2K + Ch —-> 2KC/ + 1, 
Ul. 2Na,S,0,; + 1, ——> NaS 40, + 2Nal 
Answer the following questions: 


1: In the reaction 1), which one is reduced? 
(a) CaOCl, _ (b) H,SO, 
(c) Both (d) None of these 


“we 
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2. In the given titration, starch acts as: 
(a) oxidising agent (b) indicator 
(c) reducing agent (d) catalyst 
3. In reaction (II), Cl, acts as: 
(a) reducing agent 
(b) oxidising agent 
(c) indicator 
(d) both oxidising agent and indicator 
4. Percentage of available chlorine in bleaching powder is: 
(a) 35.5% (b) 71% 
— (c) 17.25% (d) 50% 
5. Starch forms iodo-starch complex in the given titration. The 
colour of the complex will be: 
(a) green 
(c) pale yellow 


(b) blue. 
(d) oh white 
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e Passage 6 
Equivalent mass of a substance may be calculated as, 
. : Molecular mass _.Atomic mass 
Equivalent mass = —————___—___ = —__—__ 
n-factor n-factor . 


n-factor = Basicity of acid or acidity of base 


n-factor = Number of moles of electrons gained or lost per mole 
of oxidising or reducing agents © 

n-factor = Total positive or negative valency of a salt 

n-factor = Valency of an ion. 


Concept of n-factor is very important Jor redox as well as for non- 
redox reactions : 


- Answer the following questions: ; 
1. When KMnO, is titrated against ferrous ammonium sulphate 


in acid medium then equivalent mass of KMn0O, will be: 
Molecular mass Molecular mass _ 


sat ete : ns ES ngs SOE b elas ae —— oad, 
- See Rie =. ¢ ee 10 oe _ au 7 5 : 
e Passage 5 (c) Molecular mass (d) Molecular mass 
a. a 2 
Hypo is the common name of sodium thiosulphate, with (Hint: 


molecular formula NaS ,O3.It is used as intermediate in iodometric 
as well as in iodimetric titrations. 


_..fodine and chlorine react with hypo in different.ways as follows: 
2Na,S,03 +1, —> 2Nal + Na,S,0¢ 
Cly(g) +S,0; —>SO{ +Cl” +S 


Suppose, 50 mL of 0.01 M NazS,O, solution and 5 x 1074 mol of 
Cl, are allowed to react according to the above equation. Hypo is also 
used in photography to dissolve AgBr, forming a complex compound. 

2Na,S,0, + AgBr ——> Na3[Ag(S,03).]+ NaBr 
Answer the following questions: 
1. The balanced chemical reaction with Cl, is: 
(a) Cl, + 2Na,S,0,; ——> 2NaCl + Na,S,0, 
(b) Cl, + H,O + Na,S,0; —— Na,SO, + 2HC1 +S 
(c) Cl,(g) + S,03 ——> SOF +S+Cr 
(d) none of the above 
2. Number of moles of S03" present in the sample is: 
(a) 0.0005 (b) 0.01 
(c) 0.0025 (d) 0.02 


3. What is the- molarity of Na,SO, formed in the reaction 
between Na,S,O,; and Cl,? 


(a) 0.08 M -(b) 0.04 M 
(c) 0.02 M ' (d) 0.01 M 

4. The process of photography, in which Na,S,Oj is used, is 
called: 


(a) developing ©) image fixing’ 

(c) tonning (d) all of these 
5. Oxidation state of silver in Na3;[Ag(S,03),] is: 

(a) 0 (b) +1 

(c) +2 - (d) -1 


MnO; + 8H* + 5e —> Mn” + 4H,0 
2. Equivalent mass of ferrous oxalate FeC,O, in the following _ 
. reaction is: 
FeC,O,-—> Fe** + 2CO, 
Molecular mass 


n-factor = 5] 


Molecular mass 


a) ————_—_——_ b 

(9 Oe 
Molecular mass Molecular mass 

yo )—_ 


[Hint : Fe’* —> Fe?* + 
C,07- —> 20, + 2¢ 
_ FeC,0,; —> Fe’* + 2CO,+3e — n-factor = 3] 


_3. Equivalent mass of H;PO,. when it 
disproportionation to PH, and HPO, will be: 


undergoes 


- (a)M.w/2- (b)M.w/4 9 (c)M.w./24 (d) 3M, w./4 
[Hint: H,PO, + 4H* + 4@ —> PH, + 2H,0 n=4 
-H;PO, + H,0 —> H nO a +2€ m=2 


ister x My 2X4 8 4 


Ay + My "244 “6° 3 
ce nen) ry emer 
ee) 4 


4. BrOj; ion reacts with Br” to form Br, in acid medium. The 
equivalent mass of Br, in this reaction is: 


4M. Ww. 3M.w. 5M.w. 5M.w. 
{ay——___ (b) (c) (d) 3 
ae 2BrO3; + Ge +.10@ —> oe + 6H,O n,=10 
_2Br. — > Br) + 6¢- n= 2 
nm xm _10x2_ 205 
_ n-factor = = 
ny + nN ~10+2 12 3 
ee Mw. £ _ 3M.w. 1 
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SELF ASSESSMENT ~ 


“.R.B. PHYSICAL CHEMISTRY FOR COMPETITIONS 


3. (a) 4, (b) 5. (d) 
3. (a) 4, (b) 5. (b) 
3. (b) 4, (c) - §, (c) 
3. (b) 4. (a) 5. (b) 
3, (d) 4. (b) 5. (b) 
3. (d) 4. (b) 


ASSIGNMENT NO, 14 


Passage 1. 1. (b) 2. (c) 
Passage 2. i. (b) - 2. (b) 
Passage 3. La) 2. (b) 
Passage 4. 1. (d) 2. (b) | 
Passage 5. i. (b) 2. (a) 
Passage 6. 1. (b) 2. (c) 
(SECTION 


~ Straight Objective Type Questions | 
This section contains 10 multiple choice questions. Each 


question has 4 choices (a), (b), (c) and (d), out of which only 
one is correct. 


i. For decolorisation of 1 mole of KMn0O,, the me of H,0, 
enue is: fA PENT: 
Or 2 (2 3 

2 2 

2. If a volume of 1 M KMn0O,: "a IMK yee solutions 
are allowed to oxidise Fe** to bee in acai : medium, then 
Fe** will be oxidised: pe ed eee 
(a) more by KMnO, (b) more by k K (C10, 


(c) equal in both cases (d) cannot be determined 
3. MnO, on reaction with conc, HCI liberates chlorine; the 


liberated chlorine on treatment with aqueous KI gives iodine. 


The iodine is neutralized by 40 mL of e LN hypo solution. — 


The reaction is: 
2Na,5,0, + i —— > 2Nal + Na,S,0, 
The amount of MnO, used in the reaction is: 


(a) 10g (b)0.174g (c)1.74g (4) 0.0174.g 


4. 1.520 g of hydroxide of a metal on ignition gave 0.995 g of 


oxide; The equivalent mass of metal is: . 
(a) 1.52 (b) 0.995 © (c) 190 (d) 9 

5, Identify the incorrect statement regarding the -volumetric 
estimation of FeSO,: 

(a) KMnO, can be used in aqueous HCl 

(b) K,Cr,O, can be used in aqueous HCI 
(c) KMn0, can be used in aqueous H,SO, — 
(d) K,Cr,0, can be used in aqueous H,SO, 

6. When one gram mole of KMnO, is mixed with hydrochloric 
acid then, the volume of chlorine gas liberated at NTP will be: 
(a) 11.2 litre (b) 22.4 litre (c) 56 litre - (d) 44.8 litre 
(Hint: The reaction between KMnO, and HC! may be given as: 

2MnO; + 10Cl + 16H* -—> 2Mn?* + 5Cl, + 8H,0] 

7. 0.7 g of Na,CO;.xH,O was dissolved in water to make 100 
mL solution, 20 mL of this solution required 19.8 mL of 0.1.N 
HCI for complete neutralisation. The value of x is: 

(a) 5 (b) 2 
(c)3 (d) 4 


6. 


0.5 g of impure ammonium chloride was heated with caustic 
soda solution to evolve ammonia gas, the gas is absorbed in 


150 mL of N/5H,SO, solution. Excess sulphuric acid — 
required 20 mL of | N NaOH for complete neutralization. The 
percentage of NH, in the ammonium chloride is: 

(a) 68% (b) 34% (c) 48% (d) 17% 

One mole of a mixture of CO and CO, requires exactly 20 g of 
NaOH to convert all the CO, into Na,CO,..How many more__. 
grams of NaOH would it require for conversion into Na,CO, 

if the mixture (one mole) is completely oxidised to CO,? 

(a) 60 g (b) 80 g (c) 40 g (d) 20g 

0.1 litre of 0.0144 KMnO, is used by 100 mL of H,O, in 
acidic medium. Volume of same KMnO, required in alkaline 
medium to oxidise 0.1 litre of some H,O, will be: 


@) 2m (rat (Pm (a) mt 


SECTION-I 


Multiple Answers Type Objective Questions 


i. 


12. 


us 
a 


One mole of acidic KMnO, reacts with: - 


(a) : mol of FeC,0, (b) : mol of SO, 


(c) 4 mol of FeS (d) 1 mol of H,SOQ, 
Boric acid (H,BOs) is: ; 
(a) tribasic  (b) dibasic —_ (c) monobasic (d) aprotic 


0.6 mol K,Cr,O,, in acid medium can oxidise: 
(a) 3.6 mol FeSO, to Fe,(SO,), 

(b) 0.1 mol FeSO, to Fe,(SO,), 

(c) 0.05 mol of Sn7* to Sn** 

(d) 1.8 mol of Sn?* to Sn** 


. Which of the following statement(s) is/are were 


(a) H,SO, and H,PO, both are dibasic 

(b) H,BO, and H3PQ, both are tribasic 

(c) H,BO, and H;PO, both are monobasic 

(d) HNO, and HCI both are monobasic 

In the titration of CH,COOH against NaOH, we cannot use 
the: 

(a) methyl orange 
(c) phenolphthalein 


(b) methyl red 
(d) bromothymol blue 
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SECTION-III 


Assertion-Reason Type Questions 

This section contains 3 questions. Each question contains 

Statement-1 (Assertion) and Statement-2 (Reason). Each 

question has following 4 choices (a), (b), (c) and (d), out of 

which only one is correct. 

(a) Statement-1 is true; statement-2 is true; statement-2 is a 
correct explanation for statement-1. 

(b) Statement-1 is true; statement-2 is true; statement-2 is not 
a correct explanation for statement-1. 


(c) Statement-1 is true; statement-2 is false. Match the Column-I with Coturnn-Th de Raa 
ik sfed.§ ROUT! 
(d) Statement-1 is false; statement-2 is true. Col i Cs hun ‘ nr pia 
16. Statement-1: Equivalent mass of H,PO,.is equal to its aacae ennos 
fee (a) 10 volume H,O, (p) Perhydrol 
a ce (b) 20 volume H,O. (q) 5.358 N 
: Because (c) 30 volume HO, ) 1.785 M 
meisee 2 _Statement-2: HPO, is a monobasic acid... ci : 


“(d) 100 volume HjO, (8) 3.03% 


17. Statement-1: When Na,CO, is titrated against HCI in 90.” “Mate the Column-l with Colum: 


presence of phenolphthalein indicator, it is converted to NaCl. 


Because Column-I - Column-. 
Statement-2: Phenolphthalein shows colour change in the pH (Acid) (Information) — 
range of 3.54.6). | (a) CH,COOH . (p) Tribasic 55 ees 
18. Statement-1: 1 mol of H,SO, is neutralised by 2 mol of (E,, = M.w./3) 
NaOH; however, 1 equivalent of H,SO, is neutralised by 1 H.PO Dihssievedaetnn: 
equivalent of NaOH. OV ELEO, @) aes sean 
Because (c) H,SO, (r) Dibasic 
Statement-2: Equivalent mass of H,SO, is half of its (Ey = M.w./2) 
molecular mass, however, the equivalent mass of NaOH is (d) H,PO, {s) Monobasic 
equal to its molecular mass. (£,, = Mw.) 
21. Match the Column-I with Column-II: 
SECTION-IV bias 22 Hes 
Matrix-Matching Type Questions R ae J (Equivalent mass 
This section contains 3 questions. Each question contains eee of reactant) 
statement given in two columns which have to be matched. 7 
Statements (a, b, c and d) in Column-I have to be matched with (a) NH > NO; (P) M.w./20 
statements (p, q, r and s) in Column-II. The answers to these (b) Fe,S, —> FeSO,+SO,  (q) M.w./2 
questions have to be appropriately bubbles as illustrated in the 
following examples: (c) CaCO, + 2HC1 —> (1) M.w./8 


If the correct matches are (a-p,s); (b-q,r); (c-p,q) and (d-s); CaCl, + H20 + CO, 
then correctly bubbled 4 x 4 matrix should be as follows: (d) CuS —> CuSO, (s) 50. 


1. () 2. (a) 3. (b) 4. (d) 5. (a) 6 © 7. (b) 8. (b) 


9 (a) . 10. (b) Wh. (a,b) 12. (c,d) 13. (a,d) 14. (a,c,d) 15. (a,b, d) 
16. (a) 17. (O~ 18. (b) 19. (a-s) (b-r) (--a) (d-p) 20. (a-s) (b-p) (c-r) (d-q,r) 


21. (at) (b-p) (¢-q,8) (44) 


In the discovery of a new chemical compound, the first question 


to answer is, what is the formula of the compound? The answer ~ 


begins with stoichiometric calculation and analysis of the 
compound. 


The percentage compouition of a compound jesds directly to 


its empirical formula. An empirical-formula or simplest formula 
for a compound is the formula of a substance written with the 
-smallest integer (whole number) subscripts. 


The molecular. formula of a compound is a multiple 0 of its 
empirical formula. 


Molecular mass =n X empirical formula mass. 


The calculations of empirical and molecular formulae are 
dealt in the very first chapter of this book. 


Stoichiometry: Quantitative Relations in Chemical 
Reactions 


Stoichiometry is the calculation of the quantities of reactants 
and products involved in a chemical reaction. 


’ It is based on the chemical equation and on the Telationship 
between mass and moles. 


A chemical equation can be interpreted as follows: 
N,(g) + 3H,(g) —> 2NH3(g) 
1 molecule N, +3 molecules H, —— 2 molecules NH, 
(Molecular interpretation) 
Iniol N, +3 mol H, —>2 mol NH, 
28 gN, +6 gH, —+34 g NH; 


1 vol. N, +3 vol. H, —— 2 vol. NH, (Volume interpretation) 


(Molar interpretation) 


Thus, calculations based on chemical equations are ‘divided 
into four types: 
(i) Calculations based on mole- thole’ relationship. 
(1i) Calculations based on mass-mass relationship. 
(iii) Calculations based on mass-volume relationship. 
- (iv) Calculations based on volume-volume relationship. 


(Mass interpretation) | 


STOICHIOMETRY 


(Chemical Formulae and Equations) 


(i) Calculations based on mole-mole felatansils 
In such calculations, number of moles of reactants are given 
and those of products required. Conversely, if number of moles 


. of products. are.given, then number of moles of reactants.are——— 


required. 


Teesegt [SOME SOLVED EXAMPLES\ $8$3::. 


Example 1. Oxygen is prepared by catalytic 
decomposition of potassium chlorate (KCIO; ). Decomposition 
of potassium chlorate gives potassium chloride (KCl) and oxygen’ 
(O03). How many moles and how many grams of KCIO; are 
required to produce 2.4 mole O,? 


Solution: Decomposition of KCIO, takes place as, 
2KCIO;(s) —> 2KC\(s) + 30,(g) 
2 mole of KCIO, = 3 mole of O, 
3 mole O, formed by 2 mole KCIO, 


2.4 mole O, will be formed by (Z x2 4) mole °KCIO, 


= 1.6 mole of KCIO, 

_ Mass of KCIO, = Number of moles x Molar mass 

= 1.6% 122.5= 196g | 

(WuSTRATIONS OF.OBJECTIVE QUESTIONS 


1, One mole of calcium phosphide on feaction with excess of : 
water gives: 


(a) three moles of phosphine 
(b) one mole of phosphoric acid 
(c) two moles of phosphine 
(d) one mole of P,O; 
(Ans. (c)] . 
_ (Aint: CaP, + 6H,0 —> 3Ca(OH), + 2PH, 
1 mole of Ca,P, = 2 mole of PH,] 


STOICHIOMETRY 


. Mg(OH), in the form of milk of ‘magnesia is used to neutralize 


excess stomach acid. How many moles of stomach acid can be 
neutralized by | g of Mg(OH),? (Molar mass of Mg(OH), 
= 58.33) 


(a) 0.0171 (by 0.0343 (c) 0.686 ~—(d) 1.25 
[Ans, (b)] 
[Hint: Mg(OH), + 2HCl —~+ MgCl, + 2H,O 


Number of moles of stomach acid neutralized 
= 2 x number of moles of Mg(OH), 


= 0.0343] 


=2x : 
$8.33 


. When a mixture of 10 moles of SO, and 16 moles of O, were 


passed over a catalyst, 8 moles of SO; were formed at 
equilibrium. The number of moles of SO, and O, remaining 
unreacted were: 


(a)2,12 ... (b) 12,2. (©) 3, 10 (d).10, 3 
(Ans. {a)]. tiie manatee unten teatime yam ee es 
(Hint: 280,(g) + O.(g) == 280,(g) 
t=O 10 16 0 
feq, (10- 2x) (16-x) 2x 


2x=8, ie, x=4 
_ Remaining SO, =10 -8 = 2 mol. 
Remaining O, =16—-4=12 mol] 


Calcium carbonate decomposes on heating according to the 
following equation: 


CaCO; (s) == CaO(s) + CO, (g) 


How many moles of CO, will be obtained by decomposition 
of 50 g CaCO;? 


3 2 1 
@> 5 ©; (d) 1 
(Ans. (C)] 
[Hint: 
Number of moles of CO, = Number of moles of CaCO, 
Mass _— 501 


~ “Molar mass _ 100 3! 


Sulphur trioxide is prepared by the following two reactions: 
S,(s)'+ 80,(g) —— 880, (g) 
2S0,(g) + 0, (g) —> 280,(g) 
How many grams of SO, are produced from | mole of S, ? 
(a) 1280 (b) 640 (c) 960 - (d) 320 
fans. (b)] 
[Hint; From the given reaction, it is clear that 1 mole of S, will 
give 8 moles of SO,° 
Mass of SO, formed = Number of moles x Molar mass 


= 8x 80= 640g] 


(ii) Calculations based on mass-mass relationship 

In making necessary calculations, following- steps are 
followed: 

(a) Write down the balanced chemical. equation. 

(b) Write down the theoretical amount of reactants and 
products involved in the reaction. 

(c) Calculate the unknown amount of substance using unitary 
method. 
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222888 YSome Soiven Exampces\ $883:: 
Example 2. Calculate the mass of (CaO) that can be 


prepared by heating 200 kg of limestone CaCOx which is 95% 
pure. 


95 


Solution: | Amount of pure CaCO, = 100 x 200 = 190 kg 


= 190000 g 
CaCO, (s) ——> CaO(s) + CO, (g) 
I mole CaCO; =1 mole CaO 
100 g CaCO, =56 g CaO 


* 100 g CaCO, give 56g CaO 


190000 g CaCO, will give oa 190000 g CaO 


” = 106400 ¢ =106.4kg 
Example 3. Chlorine is prepared in the laboratory by ~ 


treating manganese dioxide (MnO, ) with aqueous hydrochlor'c 
acid according to the reaction, 


or 


MnO, + 4HCIl ——> MnCl, + Cl, + 2H,O0 
How many grams of HCI will react with 3g MnO? — 
Solution: 1 mole of MnO, reacts with 4 mole of HCl 


87 g MnO, reacts with 146 g HCl 
5 g MnO, will react with “ x 5g HCl = 8.39 g HCl 


- Example 4. How many grams of oxygen are required 


burn completely 570 g of octane? 


Solution: Balanced equation, 


2C gH), + 250, —+16CO, +18H,O 


2 mo} 25 mol 
2x 114 25 x 32 


First method: 


required 

= 25x 32¢ 

For burning 1 g of octane, oxygen required = ae g 
2x 114 

Thus, for burning 570 g of octane, oxygen required 

= enn? 570 g = 2000 g 

2x 114 

Mole method: Number of moles of octane in 570 grams 

S50 

114 


For burning 2.0 moles of octane, oxygen required 
= 25 mol = 25 x 32g 


For burning 5 moles of octane, oxygen required 
_ 25x 32 


2.0 
Proportion method: 


x5.0¢=2000¢ 


to 


For burning 2x114g of octane, oxygen 


Let x g of oxygen be required for 


burning 570.0 g of octane. It is known that 2x 114 g of the octane 
require 25 x 32 g of oxygen; then, the proportion, 


948 
25 x 32 g oxygen _ x 
2x114goctane 570.0g octane 
_ 25x 32x 570 _ 20002 
2x 114 


‘Example 5. Calculate the number of grams of magnesium 
chloride that could be obtained from 17.0 g of HCl when HCl is 
reacted with an excess of magnesium oxide. 


Solution: Balanced equation, 
MgO+ 2HCl ——~» MgCl, +H,O. 
Imol - _ 2mol I mol 1 mol 
(2x 36.5)g (24+ 7b¢ 
=7Be = 95g 


73 g of HCl produce MgCl, = 95 g 
-lgof HCl mene Meee = ae 2g 


17 g of HCI will lissromnee MgCl, = 5, X17 g = 22. Pigs 


Example 6. How many kilograms of pure H,SO, could be 
obtained from \kg of iron pyrites (FeS,) according to the 
following reactions? 

SO, + H,0 —> H,SO, 


"Solution: — Final balanced equation, 
4Fes, +150, + 8H,0—> 2Fe,0, + 8H, 250, 
4mol 8 mol 
4x 120g 8x 98g 
4x 120g of FeS, yield H,SO, =8 x 98 g 
1000 g of FeS, will yield H,SO, = = x 1000 
a 4x120 


=1.63kg 
Limiting reagent: Limiting reactant or reagent is the 
reactant that is entirely consumed when a reaction goes to 
completion. Other reactants which are not completely consumed 
in the reaction are called excess reactants. 

- ~ OR 

_ The reactant which gives least amount of product on being 
completely consumed is called limiting reactant. 

‘Example 7. If20g of CaCO, Is treated with 20 g of HCL 
how muny grams of CO, can be generated according to the 
followin: equation? 

CaCO (s)+ 2HCKag. )——> CaCl, (aq. ) + H,O(1) + COz(g) 
Solution: . 


ia 3(8) + 2ZHCl(ag) —— CaCl,(aqg) + H,O(.+ CO,(g) 
, i 2 mo! 1 mol 
5 eg ca dg g 
Lv: CaCO, (s) be completely consumed in the reaction. 


/ 
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100 g CaCO, give 44 g CO, 
*, 20 g CaCO, will give = x 20g CO, =8. 8g CO, 


Let HCI be completely consumed. 
73 g HCl give 44 g CO, 


. 20 g HCl will give = x 20 g CO, = 12.054 g CO, 


Since, CaCO, gives least amount of product CO,, hence, 
CaCO, is limiting reactant. Amount of CO, formed will be 8.8 g. 

_ Example 8. 100 ¢ sample of calcium carbonate is reacted 
with 70 g of orthophosphoric acid. Calculate: 

(a) the number of grams of calcium phosphate that could be 
produced. 

(b) the number of grams of excess reagent that will remain 
unreacted. 

~ Solution: — 

3CaCO, + 2H,;PO, ——> Ca;(PO,), +3CO, +3H,O0 


2 mol 


(a) The balanced equation is: 


1 mol 
(3x 40+ 2x 95) 
= 310g 


3 mot 
3(40 + 12+ 48) 2(3 + 31+ 64) 

= 300g =196g 
300 g of CaCO, produce Ca,(PO,), =310 gor 1 mol 


100 g of CaCO, would produce 


310 
Ca;(PO,). =—— x100 
308) 2 = 399 
=103 g 
= 0.33 mol 
196 g of H;PO, produce Ca,(PO,), =310 gor | mol 
70 g of HzPO, would produce Ca3(PO,), = se x70 
‘= 110.7 g or 0.356 mol 


‘The above values suggest that CaCO; is the limiting reagent. 
Hence, calcium phosphate formed is 103 g.or 0.33 mole. 

(b) For producing 103 g of Ca,(PO,4),, H;PO, required will 
be 


8G ins 65.12¢ 
310 


Mass of remaining H,PO, =(70 - 65.12) = 4.88 g 


«: Example 9. 1g of Mg is burnt in a closed vessel ace 
contains 0.5 g of Oz: 
(i) Which reactant is left in excess? 
- (ii) Find the mass of the excess reactant. 
Solution: (4) The balanced equation is: 
2Mg+ 0, —— 2MgO 


2x24 2x16 2(24 + 16) 
=48g <=32¢ = 80g 


48 g of Mg require oxygen = 32g 
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1g of Mg requires oxygen = = = 0.668 


But only 0.5 g oxygen is available. Hence, O, is a limiting 
agent and a part of magnesium will not burn. 


Magnesium will be left in excess. 
(ii) 32g ofO, react with magnesium = 48 g 


0.5 g of O, will react with magnesium = = x0.5=0.75¢ 


Hence, the mass of excess magnesium 
= (1.0- 0.75) = 0.25 g 
_ Example 10. The reaction, 
2C(s)+ O,(g)—> 2CO(g) 

is carried out by taking 24 g of carbon and 96 g oy Find out: 

- (a) Which reactant is left in excess? 
~-—€by How much of itis left? —- 

(c) How many moles of CO arc formed? 


(d) How many grams of other reactant should be taken so 
that nothing is left at the end of the reaction? 


Solution: 2C(s) + O,(g) ——> 2CO(g) 
2 mol 1 mol 2mol 
242 32g 56g 


Let carbon be completely consumed. 
24 g carbon give 56g CO ; 
Let O, is completely consumed. = 


32g O, give 56g CO 
. 96 £0, will give 2° x 96 gCO= 168gCO. 


Since, carbon gives least amount of product, i. e.,56 g CO or 2 
mole CO, hence carbon will be the limiting reactant. 


Excess reactant is Op. 
Amount of O, used = 56— 24 = 32 g 
Amount of O, left = 96—-32= 64g 
32 g O, react with 24 g carbon 
*, 96 gO, will react with 72 g carbon. 


Thus, carbon should be taken 72 g so that nothing is left at the 
end of the reaction. 


6. 0.5 mole BaCl, is mixed with 0.2 mole Na,PO,; the 


maximum number of moles of Ba,(PO,). that can be formed 
is: 


(a).0.7 (b) 0.5 (c) 0.2 (a) 0.1 
[Ans. (d)] 
[Hint: 3BaCl, + 2Na,PO, ——> Ba(PO,). + 6NaCi 


Number of moles of Ba,(PO,). formed by BaCl, 
= x 0.5 = 0.166 
3 
Number of moles of Ba,(PO,), formed by 0.2 mole Na3PO, 
= : xX0.2=0.1 
2 
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Thus, Na;PO, will be timiting and actual amount of product will 
be 0.1 mole.] 


. Inthe following reaction: 


4NH,(g) + 50,(g) —> 4NO(g) + 6H,0(/) 


when | mole ammonia and | mole of O, are mixed, then the 
number of moles of NO formed will be: 


(a) 0:8 (b) 0.7 (c) 0.6 (d) 0.5 
. [Ans. (a)] : ; 
[Hint: 1 mole of NH, (on complete reaction) gives | mole NO. 


Similarly, | mole of O, (on complete reaction) gives : ,4¢,0.8 


mole NO. Thus, O, will be limiting reactant and actual amount of 
NO formed in the reaction will be 0.8 mole.] 


30 g Mg and 30 g O, are  Teacted and the residual mixture 
contains: ae 


(a)-60-g. of MgO piace: ne te HMO 


(b) 40 g of MgO and 20 g of O, 
(c) 45 g of MgO and 15 g of O, 
(d) 50 g of MgO and 10 g of O, 


[Ans. (d)] 

[Hint: 2Mg(s)+ O,(g)-——> 2MgO(g)-- 2 
2 mol 1 mol 2 mol 
2x24g 1x 32g 2x 40g 


30 g Mg gives & x 30] g MgO on complete reaction, 
/ : 

ie, ' 30g Mg =50g MgO 

30 g O, gives (= x 30) g MgO on complete reaction, 


Le, . 30 gO, = 75g MgO 
.. Mg is limiting reactant and MgO formed in the reaction will be 
50g. 

Unreacted amount of O, = 30-20 = 102 
.. Mixture contains 50 g MgO and 10 g O,.] 
254 g of iodine and 142 g of chlorine are made to react 
completely to give a mixture of ICI and ICl;. *tow many 
moles of each are formed? 
(a) 0.1 mole of IC] and 0.1 mole of ICI, 
(b) 1 mole of ICI and | mole of ICI, 
(c) 0.5 mole of ICI and 0.1 mole of ICI, 
(d) 0.5 mole of ICI and | mole of ICI, 
[Ans. (b)] - 
[Hint: Both reactants are completely consumed, hence, both 
are limiting. 

1, + 2Cl, —>ICi + IC, 

254 g or | mole I, and 142 g or 2 mole Cl, will react to give ae 
mole ICI and 1 mole ICI,.] 
Magnesium hydroxide, Mg(OH), is the white mi: substance 
in milk of magnesia. What mass of Mg(OH), is formed when 


15 mL of 0.18 M@ NaOH are combined with 12 mL of 8.14M-> * > 


MgCl,? The molar mass of Mg(OH), is 58.3 g mol. 


(a)0.079g (b)0.097¢ ()0.16g - (d)03lg 
[Ans. (a)] 
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(Hint: mao = ME 212% 014 1 ogy 1g 
e  1000 1000 
15 x 0.18 3 
n =2.7x10 
NaOH = 1000 


NaOH will be limiting reagent because on complete consumption, 
NaOH gives least amount of Mg(OH),. 


Mass of Mg(OH), = ; X 2.7 x 107 x 58.3 = 6.0/9 g] 


Calculations involving per cent yield 
In general, when a reaction is carried out in the laboratory we 


do not obtain actually the theoretical amount of the product. The — 


amount of the product that is actually obtained is called the actual 
yield. Knowing the actual yield and theoretical yield the per cent 
yield can be calculated by the given formula: 


Actual yield 
. Per-cent. yield = BEI OD i: 
__ Theoretical yield - 


Example 11. For jhe reaction, 
CaO + 2HC]l ——> CaCl, + H,O 
1. 23 g of CaO is reacted with excess of hydrochloric acid and 1.85 
g of CaCl, is formed. What is the per cent yield? 
Solution: The balanced equation is: 
CaO + 2HCl ——> CaCl, + H,O 


1 mol 
lllg 


56 g of CaO produce CaCl, =111g 


1.23 g of CaO produce CaCl, = = x 1.23 = 2.43 g 


ee 


Thus, Theoretical yield = 2.43 g 
Actual yield =1.85 g 


Per cent yield = yes x 100 = 76.1 
2.43 


Calculations involving per cent purity 

Depending upon the mass of the product, the equivalent 
amount of the reactant present can be determined with the help of 
a chemical equation. Knowing the actual amount of the reactant 
taken ahd the amount calculated with the help of a chemical 
equation the percentage purity can be determined. 


Example 12. Chlorine evolved by the reaction of 45.31g 
of pyrolusite (impure) and excess of HCl is found to combine 


completely with the hydrogen produced by the reaction of 10 g of - 


magnesium and excess of dilute hydrochloric acid. Find the 
"percentage of purity of MnO, in the given pyrolusite. 


Solution: Mg+ 2HCl ——> MgCl, + a 
re % 24g (2x 36.5)g 


MnO, + 4HCl——> MnCl, + Cl, +'2H,O 
87g : Ng 
H, + Cl, ——> 2HCl 
2g Weg 
2 g of hydrogen obtained by using 24 g of Mg will combine 


completely with 71 g of chlorine produced from 87 g of pure 
MnO,. © 


Thus, when 10 g of Mg are used, 
the mass of the pure MnO, required is = = x 10 = 36.252 


So, 45.31 g of pyrolusite contain MnO, (pure) = 36.25 g 


. 100 g of pyrolusite contain MnO, (pure) 


aoe a x 100= 80.00 g 


: sSbameaiue of purity = 80.00 
IWUSTRATIONS OF OBJECTIVE QUESTIONS === 


M1. CHO, + CyHO, —> CoHkO, + C,H,O, 
Salicylic acid . Acetic anhydride Aspirin Acetic acid 
(138.12 gmol™!} (102.09 g moi! ) | G8O1Sgmol™!) (60.05 g mol! ) 


What is.the percentage yield if 0.85 g of aspirin-formed.in the —_— 
reaction of 1g of salicylic acid with excess of acetic 
anhydride? . 

(a) 65% 
[Ans. (a)] 


[Hint: Mass of aspirin (theoretical) formed from 1 g salicylic 


acid = 120-15 _ 1 3049 
138.12 Pi Ee 


(b) 77% © (c)85% ~ = (d) 91% 


Actual amount of product 
Theoretical amount of product 


= 0:85. 100 = 65%] 
1.304 
12. A sample of impure silver (1.5 g) is heated with sulphur to 
form Ag,S. The mass of Ag,S formed was 0.124 g. What was 
the percentage yield of silver sulphide? 


% yield = 


(a) 6.41% (b) 7.20% — (c) 8.27% — (d) 10.8% 
[Ans. (b)] 
{Hint: 2Ag +S5—— »Ag,S 
2 mol 1 mol 
2x 108= 216g 248g 


Amount of Ag,S that can be formed from 1.5 g silver 
. Bn en pele 
216 


% yield of Ag,S = “ 


x 100 =7.2] 


13. Magnetite, Fe,O,, can be converted into metallic iron by 

heating with carbon monoxide as renresented by this a 
Fe,0, + 4CO ——> 3Fe + 4C0, 

How many kilogram of Fe,O, must be processed in this way 
to obtain 5 kg iron; if the process is 85% efficient? 
(Molar mass of FeO, is 232 g mol7!.) 
(a)6.92kg (b)8.12kg (c) 20.8kg 
[Ans. (b)] 
(Hint: 1 mole Fe,O0, (232 g) = 3 mole Fe (168 g) 


(d) 24.4 kg 


Amount of Fe,O, required for 5 kg iron = a x 5kg 


= 6.904 kg 
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Since, efficiency of the reaction is 85%, hence, the actual required . 


amount of Fe ,0, will be 
_ 100 x 6,904 
85 
14. Iodobenzene is prepared from aniline (CcHgNH,)1 inatwo sales 
process as shown here: 
C,H;NH, + HNO, + HCl —-> C,H;N3Cl” + 2H;0 
CsH;N3Cl + KI —> C,H51 +N, + KCl 


In an actual preparation, 9.30 g of aniline was converted to 
' 12.32 g of iodobenzene. The percentage yield of iodobenzene 
iS: 


kg,ie,=8. 1 kg] 


(a) 8% - (b) 50% 
“(c) 75% (d) 80% 
[Ans. (d)} 


[Hint: 1 mole of CoHSNH (123 g) = | mole of CgHsI (204 2 


- 
-9.3-g aniline will give- ={S¥ xO 3} giodobenzene--—-- = 
i 


"= 15.424 g iodobenzene 


&% yield & Actual amount of product . 

ield = —-—— 
a Calculated amount of Bea 
. 12:32 das 


15.424 


15. Benzamide can be prepared by the action of concentrated 
ammonia upon benzoy! chloride. 
C,.H,;COCI + 2NH, —> C,H,CONH, + NH,Cl 
Benzoyl chloride Benzamide 
In one such experiment, 65 cc of concentrated ammonia (in 
excess) was reacted with 15 g of benzoyl chloride to give 
"11.1 g of pure benzamide. Molar masses: benzoyl chloride 
(141); benzamide (121). The percentage yield of benzamide 
is: 


x 100 = - 80%), 


(a) “= « 100 oy) PAE x 100 
Hi i 121 

c ieee 100 d) —— x, 100 

(c) (d) 141 

eq lltX 14 9g 
121K 15 

[Ans. (e)] 


(Hint: Amount of benzamide from 15 g benzoyl chloride 


Actual amount of benzamide formed = 11.1 g 


Actual amount of product 


% yield = 
Calculated amount of product 


L.1x100 _ 11.1% 141 
(Bs 5 121 15 


* 100] 
141 


Analysis of mixtures: In such problems, one of the 
components is supposed to be x g and the other will be the 
difference from the total. Balanced chemical equations for the 
reactions of both the components are now written and the total 
amount of the common product produced by the components of 


the mixture is calculated. It is equated with the data given and the 
unknown factors are, thus, worked out. 


122288 @Some Sorven Examptes\ $833: :: 


- Example 13. A solid mixture (5.0g) consisting of lead 
nitrate and sodium nitrate was heated below 600°C until the 


- mass of the residue was constant. If the loss in mass is 28.0 per 


cent, find the amount of lead nitrate and sodium nitrate in the 

mixture. (iT 1998) 
Solution: Let the amount of NaNO, in the mixture be=x.g 
. The amount of Pb(NO; ‘ in the mixture = (5.0- x) g 


2NaNO, Bazin 2NaNO, + 0, 
(2 85) g 32g 


2Pb(NO, ), J 2PbO + 4NO, + + O> 
(4« 46) g 328 


Ores. 


—e 
“170 g eEINANO; evalve oxygen = 32g 


xgof NaNO, evolve oxygen = = Xxg 
662 g of Pb(NO;), evolve gases = 216g 
(50 — x) g of Pb(NO;), evolve gases = a x (5.0-x)g 


Total loss =" = Xx+ a0 
170 


662 


x (5.0-x) 


Loss given in the problem = a x5=14¢ 


af 2i8 (5.0-x)=1.4. 
170° 662 
On solving, x= 1.6768 
Thus, _ Mass of NaNO, = 1.676 g 
' Mass of Pb(NO;), =(5.0 — 1.676) g = 3.324 g 


= Example 14. 3.68 g of a mixture of calcium carbonate and 
magnesium carbonate when heated strongly leave: '.92g of a 
white residue. Find the percentage composition of the mixture. 
Solution: Let x g of CaCO, be present in the mixture. 
The mass of MgCO, in the eer (3.68 — x) g. 


Hea 
CaCO; eek re + CO, 
100 g 


Heat 


84g 40g 
56X x e 40 x (3.68- x) _ 192 
100 84 
On solving, x=2 


Percentage of CaCO, = <a x 100= 54.35% ° 


Percentage of MgCO, = 100— 54,35= 45.65% 


952 


Example 15. 05g of a mixture of K,CO,. and Li,CO, 
required 30 mL of 0.25 N HCI solution for neutralization. What is 
the percentage composition of the mixture? 

Solution: Let the amount of K,€0, be ‘x’g 


Amount of Li,CO, =(0.5-—x) g 


. Number of equivalents = mee =) ..(i) 
138/2 74/2 
Number of equivalents of HCl used 
gl Pers 0e Lats 
1000 1000 


‘Comparing eqs. (i) and (ii), we get 
x= 0. 48 g 

Mass of. K,CO, = 048. epi 2k 
Mass of Li,CO, = 0.02 g 


%K,CO, = 28 x100 = 96 
05 


% Li>CO, -<. x100=4 


(iii) Calculations based on mass-volume relationship 

In such calculations, masses of reactants are given and volume 
of the product is required and vice-versa. 

1 mole of a gas occupies 22.4 litre volume at STP mass of a 
gas can be related to volume according io the following gas 
equation: - 


PY =nRT 
PY =~ RT 


Example 16. What volume er NH(g) at 27°C and latm 
pressure will be obtained by thermal decomposition of 26.25 g 


Solution: . Ammonium chloride iderenes decomposition 
as; 
NH, Ci(s) ——> NH, (g) + HCi(g) 
1 mol 1 mol 
53.5¢ i mol 


53.5 g NH,Cl give 1 mol NH, 
26.25 g NH,Cl will give =: x 26.25 mole NH; 


= 0.5 mole 
=nRT 
1x ¥ = 0.5 x 0.0821 x 300 
V =12.315 litre 


Example 17. What quantity of copper(II) oxide will react 
with 2.80 litre of hydrogen at NTP? 
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Solution: The balanced equation is: 


CuO + H, 
i mol 1 mol 
79.58 22.4 litre at NTP 


22.4 litre of hydrogen at NTP reduce CuO = 79.5 g 


2.80 litre of hydrogen at NTP will reduce CuO 
79.5 


log ae 9.95 
DA g= 8 


Example 18. Calculate the volume of carbon dioxide at . 
NTF evolved by strong heating of 20 g calcium carbonate. 
Sojution: The balanced equation is: 
CaCO, ——> CaO + co, 
1 mol , 1 mol 
100g = 22.4 litreat NTP | 
100 g of: CaCO, ‘evolve carbon dioxide = 22.4 litre 


.20-¢-CaCO,-will evolve carbon-dioxid 


= _ 224 x 20= 4.48 litre 
100 


— >» Cu+H,0O 


Example 19. Calculate the volume of hydrogen liberated 
at 27°C and 760 mm pressure by treating 1.2 g of magnesium 
with excess of hydrechloric acid. 


Solution: The balanced equation is: 
Mg + 2HCl ——> MgCl, + H, 
1 mol 1 mol 
24g : 22.4 litre at NTP 


24 g of Mg liberate hydrogen = 22.4 litre 
1.2 g Mg will liberate hydrogen = = x 1.2= 1.12 litre 


Volume of hydrogen under given condition can be calculated 
by applying 


PY, a PAV, 
yr Tt, 
P, = 760mm P, = 760mm 
Te275K T, = (27+ 273) = 300K 
V, =1.12 litre 2 =? 
Yi OS 2 Sy 2308 ite 
273 760 ; 


Example 20. 4 solid mixture (5g) consisting of lead 
nitrate and sodium nitrate was heated below 600°C uatil the 
weight of the residue is constant. If the loss in weight is 28%, find 
the amount of lead nitrate and sodium nitrate in the mixture. 

(GET 1990) 


Solution: Loss in sneight i is due to formation of NO, and O, 


: 5 
ases (weight loss = —— x 28 = 1.4 
gases (weight | 100 g) 


P(NOS }2 —+ PbO +NO) + 02 
en 


ee ye 
(- x) GB6-x+y¥) (1.4- y) 


STOICHIOMETRY 


Number of moles of Pb(NO;). = Number of moles of PbO 


x _@-y).. ..@ 
“331 | 223 
M.w. PONG) #331, M.w. PbO= 223 


Number of moles of Nano, 5 “Number of moles of NaN QO, 
3-% “y. 3.6-x4+ y 
“85 - 69 
Solving eqs. (i) and (ii), we get’ ae 
Mass of Pb(NO,), =x =3.3246 g 
Mass of NaNO, = 5 — 3.3246 = 1.6754 g 


(ii) 


(iv) Calculations based on volume-volume relationship 


These calculations are based on two laws: 
_@) Avogadro’s law _(ii), Gay-Lussac’s law _ 


For example: 
N,(g) + 3H>(g) —> 2NH;(g)  (Avogadro’s law) 
i mol 3 mol 2 mol 
1x224L  3x224L 2x224L — 


(under similar conditions of temperature and pressure, equal 
moles of gases occupy equal volumes) 
N,(g) + 3H, (g) —— 2NH,(g) 


1 vel. 3 vol. 2 vol. 


under similar conditions, ratio of coefficients by mole is equal to 
ratio of coefficient by volume. 

Example 21. 1 Jitre mixture of CO and CO, is taken. T his 
is passed through a tube containing red hot charcoal. The volume 
now becomes | .6litre. The volumes are measured under the same 
conditions. Find the composition of mixture by volume. 

Solution: Let there be x mL CO in the mixture, hence, there 
will be (1000-— x) mL CO,. The reaction of CO, with red hot 
charcoal may be given as, 


CO,(g) + C(s) — 2CO(g) 
1 vol. 2 val. 
(1000 - x) 2(1000 — x} 


Total volume of the gas becomes = x + 2(1000 — x) 
~ x+ 2000 - 2x = 1600 
. x= 400 mL 
.. Volume of CO = 400 mL and volume of CO, = 600 mL 


Example 22. What volume of air containing 21% oxygen 
by volume is required to completely burn \kg of carbon 
containing 100% combustible substances? 

Solution: Combustion of carbon may be given as, 
C(s) + O2(g) —> CO,(g) 


1 mol 1 mol 
12g. 1 mol 


* 12 g carbon requires 1 mole O, for complete combustion 


‘. 1000 g carbon will require ~ x 1000 mole O, for 


combustion, i. 2.,83.33 mole O, 


953 
Volume of O, at NTP = 83.33 x 22.4 litre = 1866.592 litre 


‘" 21 litre O, is present in 100 litre air 
“. 1866.592 litre O, will be present in ot x 1866.592 litre O, 


= $888.5 litre = 8.8885 x 10° litre 


Example 23. What volume of oxygen gas at NTP is 


_ necessary for complete combustion of 20 litre of propane 


measured at 27°C and 760mm pressure? 
Solution: The balanced equation is: 
CjH, +50, ——> 3CO0, + 4H,O0 
1 vol. 5 vol. 
ilitre. § litre 
I litre of propane requires = 5 litre of oxygen 
20 litre of propane will require = 5 x 20= 100 litre of oxygen 
_ at 760 mm pressure and 27°C... : 
___This volume will be. bomverbed to. NTP. boatitions: ee 


Given conditions NTP conditions | 
P, = 760mm _ ; P, = 760mm 
V, = 100 litre ~ Vy =? 
T, = 27+ 273= 300K . T, = 273 
PV, PSF. 

Applyin eee — 

pplying a 

i V, = Ls x« qT 
TY Py 
. 760100 — 27 


x eae, = 91.0 litre 
300 760 

Example 24. One litre of oxygen at NTP is allowed to 
react with three times of carbon monoxide at NTP. Calculate the 
volume of each gas found after the reaction. 


Solution: The desired’equation is: 
2CO + 0, —+2CO, 
2 val. J vol. 2 vol. 
1 vol. of O, reacts with 2 vol. of CO 
or -1 litre of O, reacts with 2 litre of CO 
Thus, 1 litre of CO remains unreacted. 


1 vol. of O, produces CO, = 2 vol. 
or. - 1 litre of O, will produce CO, = 2 litre 
Thus, gaseous mixture after the reaction consists 

Volume of CO =1 litre 
Volume of CO, = 2 litre . 


ILLUSTRATIONS OF OBJECTIVE QUESTIONS 


16. 10 litre of O, gas is reacted with 30 litre of CO gas at STP. The 
volumes of each gas present at the end of reaction are: 
‘ [CMC (Veilore) 2008] 


(a) CO (10 litre), CO, (20 litre) 
(b) O, (10 litre), CO (30 litre) 
(c) CO (20 litre), CO, (10 litre) 
(d) O, (10 litre), CO, (20 litre) 
(e) O; (10 litre), CO (10 litre) 
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fAns, (a)] 
. 1 
[Hint: CO(g) + 5 Or(g) —> COA) 
t=0 30L TOE a 
After reaction G0-20)L 0 20 L] 


17. When 10 g of 90% pure limestone is heated, the volume of | 


CO, (in litre) liberated at STP is: [JEE (WB) 2097| 
(a) 22.4 litre (b) 2.24 litre 

(c) 20.16 litre (d) 2.016 litre 

[Ans. (d)] ° 


[Hint: Mass of CaCO, in the sample = 10 x = = 9'p: 


CaCO,(s) ——> CaO(s) + CO3(g) 
1 mol _ lmol’ 
100 g 22.4L 


4 
9 gm CaCO, will give | as x 9 litre of CO, 7.2, 2.016 litre 
\ 


of CO, |] 


18. 100 mL of PH, on heating forms P, and Hy, volume changes in 


_ the reaction is: (DPMT 2009) 
(a) an increase of 50 mL (b) an increase of 100 mL . 
(c) an increase of 150 mL (d) a-decrease of 50 mL 
[Ans. (a)] i 
[Hint: ate) P,(s)+ 6H(g) 
: : sol 6 ey 


volume of H, produced by 100 mL PH, = ox 100 = 150 mL 


Thus, there is increase of 50 mL.] 


72 


Example 1. Calculate the weight of CaO required to 
remove the hardness of 1000000 litre of water coniayene): 62g 
of CaCO, per litre. 


Solution: Mass of Ca(HCO;), in the water 


= 1,62 x 1000000 
- = 1620000 g = 1620 kg 
Reaction involved in the removal of hardness may be given as, 


Ca(HCO;), + CaO ——» 2CaCO; + H,O 
162 kg . 36kg 


162:.kg Ca(HCO,),, require 56 kg CaO | 
1620 kg Ca(HCO ), will require 560 kg CaO. 


' Example 2. 4 mixture in which the mole ratio of H, and 


O, is 2: lis used to prepare water by the reaction, 
2H, (g)+ O7(g) > 2H,0(g) 


The total pressure in the container is 0.8.atm at 20°C before. 


the reaction. Determine the final pressure at 120° C after reaction 


assuming 80% vere of oe (LIT 1999) 
Solution: Pu, = : x 0.8 = 0.533 atm 
po, = ; x 0.8 = 0,266 atm 
| ti. 28. Op = e9Hy0. 
1=0 0.533 ~—=0.266 oO | 
After the reaction  2533%20 . 0.266 x 20 0.533 x 80 
100 1000 100 ... 
= 0.1066 = 0.0533 = 0. 4264 
Total pressure = 0.1066 + 0.0533 + 0.4264 = 0.5863 atm 
‘ POP. 
Using Gay-Lussac’s law, —b = 4 
Tce | 
0.5863 _ Py : 
293-393 


P, = 0.7864 atm ~ 


‘+ Example3. An impure sample of calcium carbonate 
contains 80% pure calcium carbonate. 25 g of the impure sample 


reacted with excess of hydrochloric acid. Calculate the volume of 


carbon dioxide at NTP obtained from this sample. 
Solution: 100 g of impure calcium carbonate contain 


= 80g pure calcium carbonate 
- 25 g of impure calcium carbonate sample contain 


= 20g pure calcium carbonate: 


The desired equation is: 


1 mol 22.4 litre, 
, 100g at NTP 
100 g pure CaCO; liberate = 22.4 litre CO, 


20:g pure CaCO, liberate = a x 20 


= 4.48 litre CO, 
Example 4. The weight of 1 litre sample of ozonised 


oxygen at NTP was found to be 1.5 g. When 100 mLof this mixture 


at NTP were treated with turpentine oil, the volume was reduced 
to 90 mL . Hence, calculate the molecular ineight of ozone. 


Solution: Volume of ozone 
= volume absorbed in turpentine oil 
=10mL 
Serine of oxygen = 90 mL - 
Mass of 100 mL mixture = 0 x 7 +) «3220.15. 
22400 22400 
‘On solving, we get M = 48 


.. Molecular mass of ozone = 48 
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‘Example 5. A mixture of NaHCO, and Na,CO,; weighed 
1.0235 g. The dissolved mixture was reacted with excess of 
. Ba(OH), to form 2.1028 g BaCO3, by the following reactions: 


Na,CO, + Ba(OH), —— BaCO; + 2NaOH 

NaHCO, + Ba(OH), —— BaCO, + NaOH + H,O 
What was the percentage of NaHCO, in the original mixture? 
Solution: Let x g of NaHCO, be present in the mixture. 


Mass of Na.CO, in the mixture = (1.0235 — x) g 
Number of moles of NaHCO, = . 


Number of moles of Na,CO, = id) 
106 
Number of moles of BaCO, 
ia = Number of moles of NaHCO, 
== a ~ + Number of moles of Na,CO, 
2.1028 _ x | (1.0235 — x) © 
197 84 106 
x= 0.4122 
Amount.of NaHCO, =0.4122¢ 0... 
0:4122 


x 100 = 40.27 


Percentage of NaHCO, = 
1.0235 


Example 6. A mixture of ethane and ethene occupies 40 
litre at 1.00. atm and at 400 K. The mixture reacts completely with 
130g of O, to produce CO, and H,O., Assuming ideal gas 
behaviour, calculate the mole fractions of CyH and CH, in the 


mixture. (UIT 1995) © 
Solution: Volume of the mixture at NTP 
ae 40x ue 273 = 273 litre 
400 


Let the volume of ethane = x litre 
Volume of ethene = (273 — x) litre 
Balanced equations: 


CH, +7/2 0, —> 2CO, +3H,O 
\ vol. 7/2 vol. 


C,H, +30, —> 2CO, + 2H,0 


1 vol. 3 vol. 


Total volume of oxygen required for complete combustion of 
the mixture is: 


[2x4 (27.3-x)x 3| litre 


as = (27.3=x)x | ae 
2 
Mass Of oxyeen = Tx +.(27.3—x)x 6 s 32 
2 22.4 


130= (x + 163. 8) xo 


the original mixture. 
a Moles of CO-formed=a+b 92 


x=18.2 - 
18.2 


Hence, mole fraction of ethane = ae x 100 = 66.66 


Mole fraction of Shenee = a4: 34 


Example 7. A mixture of HCOOH and H,C, Ox is heated 
with concentrated H,SO,.The gas produced is collected and on 
treating with KOH solution, the volume of the gas decreases by 


‘V/6th. Calculate the molar ratio of the two acids in the original 


_ mixture. (IIT 1996) 
2 Conc. H2SO4: ; 
‘Solution: “HCOOH ——— CO + H,0 
: 1 mol: Heat 1 mol 
Conc. H2SO4 
H,C,0, ————> CO +CO; +H,0 
7 mol eat Imol 1 mol 


Let amoles of HCOOH and b moles of H.C, O, be present in 


Moles of CO, formed = b 
Total moles of gases=a+b+b=a+2b 
CO; 1 is absorbed by KOH and the volume reduces by 1/6th. 


Moles of CO, = ald 
é ‘, b= at 2b 
or. ., 2 a=4b. 
or’. . es oe 4 
or gb asl 
Example 8. 3.6 ‘g mixture of sodium chloride and 


potassium chloride is dissolved in water. The solution is treated 
with excess of silver nitrate solution: 7.74 g.of silver chloride is 
obtained. Find the percentage of sodium chloride and AR OSSTUM 


chloride in the mixture. 


Solution: ~~ balanced equation between NaCl and AgNO, 


“NaCl + AgNO; —— AgCl + NaNO, 


1 mol - 1 mol 
. 385g 143.5¢ 


. Let x g of NaCl be present in the mixture. 
58.5 g NaCl produce = 143.5 g AgCl 


x g NaCl will produce = == xx gAgCl 


The balanced equation between KCl and AgNO; is: 
KCl +AgNO, —— AgCl + KNO, 
1 mol 


145¢ 143.5¢ 


KCI present in the mixture = (3.60— x) g 
74.5 g of Cl produce = ay : 7 of AgCl 


G. 6—x) g of KCl will produce = 74.5 as (3. G= x) g of AgCl 


Thus, 143.5 , +2 @6- x)=774 
58.5 


74.5 
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x= 1.54 
% of NaCl = +24 x 100 = 42.7 
3.60 
C51 5100= 57.3 


% of KCI = 


He Example 9. 5 g of K,SO,4 were Bicol in 250 mL of 
solution. How many mL of this solution should be used so that 
1.2 g of BaSO, may be precipitated from BaCl, solution? 

Solution: The desired equation is: 
BaCl,+ K,SO, —> BaSO, +2KCl 
2x 39+ 324 64 137 4 32+ 64 
= 174g = 233g 


233 g of BaSO, obtained from 174 g of K,SO, 


1.2 g of BaSO, will be obtained from = x12. 


=0, 8961 g of K K »SO, 


5 g of K,SO, are present in 250 mL of solution 
So, 0.8961 g of K,SO, will be present in = x 0.8961 


= 44 8mL of solution 
Example 10. 4 2.00 g of sample containing Na,CO, and 


NaHCO, loses 0.248 g when heated to 300° C, the temperature at - . 


which NaHCO, decomposes into Na,CO,, CO, and steam. What 
is the percentage of Na,CO, in the mixture? 


2NaHCO, ——>Na,CO; +o + ae - 
ae 


Solution: 


62g 
The loss comes due to evolution of CO, and steam. 
62 g loss occurs when the quantity of N aHCO, is 168 g. 


0.248 g loss will occur when the quantity of NaHCO, : 


= 168 0248 = 0.6722 
62 


Quantity of Na,CO, in the sample = (2.0 - 0.672) = 1.328 g 
- %of Na,CO, = 100= 66.4 


* \. Example i. A1.00g sample of KCIO; was heated under 
such conditions that a part of it was decomposed according to the 
equation, 


2KCIO, ——> 2KCI + 30, eet) 
and the remaining underwent change according. to the equation, 
4KCIO, —— 3KCIO, + KCl ... (ii) 


if the amount of oxygen evolved was 146.8mL at STP. 
calculate the percentage by mass of KCIO, in the residue. 
Solution: . 2KCIO, ——> 2KCIl + 30, 


2(39 + 35.5 + 48) 2(39 + 35.5) 3x 22.4 litre 
245¢ , 149g 67.2 litre 


67.2 litre st oxygen evolved from 245 g of KCIO, 


245 


0.1468 litre of oxygen will be evolved = ee x 0.1468 


= 0.5352.g of KCI, 
Hence, KCIO, left for eq. (ii) reaction, 
(1.00 0.5352) = 0.4648 g 
245 g KCIO, will yield KCI = 149 g 
0.5352 g KCIO, will yield KCI = a x 0.5352 g = 0.3254 g 


Considering eq. (ii), : 
+ KCl 


4KCIO, ——> 3KCIO, 
4(39 + 35.5 + 48) 3(39 + 35.5 + 64) » (39 + 35.5) 
490 g 415.5¢ 745g 


at & OF BOI a eae 5g of KCIO, 


415.5 


~ 0.4648. g at KCIO, will pele: =. 190 -X-0.4648. 


= 0.3941 g of KCIO, 
490 g KCIO, yield = 74.5 g of KCI 


0.4648 g of KCIO,, will yield = “ x 0.4648 


=,0.0707 g of KC] 
Total mass of residue = 0.3254 + 0.3941 + 0.0707 
= 0.7902 g 


0.3941 


%KCIO, = 5= x100 = 49.8 


_ Example 12. A mixture of FeO and FeO, when heated in 
air to. a constant weight gains 5% in its mass. Find the 
composition of the initial mixture. 


- Solution: Let.the % of FeO in the mixture be = x 
So, % of Fe,O, in the mixture = (100— x) 
‘FeO on heating is converted into. Fe,O3. 


ae +O, —— 2Fe,0; 
3202 


288 g of FeO yield = 320 g of Fe,0, 


x g of FeO will yield = = x g of Fe,O0, 


2Fe,0, + a 0, —~ 3Fe,0, 
464.2 2 A80g 


464 g of Fe,O, yield = 480 g of Fe,0, 
(100 — x) g of Fe,Q, will yield = og (100 — x) of Fe,0, 


Total Fe,03 = 52 x+ a (100 ~ x) 


According to the question, 
320 | , 480 


<= ¥ += (100- x)= 105 
388 464 
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x = 20,2 


So, i percentage of FeO = 20.2 


and 


. percentage of Fe,O, =79.8 


Example 13. 4 mixture in which the mole ratio of H» and 


O, is 2:1, is used to prepare water by the reaction: 


2H, (g)+ O7(g)——> 2H,0(g) 


The total pressure in the container is 0.8 atm-at 20°C before 
the reaction. Determine the final pressure at 120°C after the 


reaction, assuming 80% yield of water. 


(LIT 1999) 


Solution: The given reaction is: 
2H,(g) + O.(g) —> 2H, O(g) 
Initial moles 2n n 0 
Final moles (2n — 2x) (n-x) 2x 
_ % yield = 80 
ape 100= 80 
2n 


10. 


11. 


solution of 15 g of BaCl, resulting in the formation of a white 

precipitate of msoluble BaSO,. How many moles and how 

many grams of BaSO, are formed? 

Zinc and hydrochloric acid react according to the reaction: 
Zn(s) + 2HC\(ag.) —> ZnCl, (aq.) + Hg) 


’ Tf 0.3 mole Zn are added to hydrochloric acid containing 0. 52 


mole HCl, how many moles of H, are produced? 
Calcium carbonate reacts with aqueous HCI to give CaCl, and 
co, according to the reaction:, 


CaCO, (s) + 2HCl(aq.) ——> CaCl,(aq.) + H,O+ CO,(g) 


What mass of CaCO, is required to react completely with 25 
mL of 0.75 M HCI? 


Calculate the mass of iron which will. be converted into its 
oxide by the action of 18 g of steam. (MLNR 1996) 
How. much potassium chlorate is needed to obtain 2.4 litre 


’ oxygen at NTP? ; 
Calculate the volume of carbon dioxide obtained at NTP es 


heating 8.4 g of sodium bicarbonate. 

Calculate the volume of air needed for the combustion of | Kg 
of carbon. 

(Hint: 100-parts of air contain 21 parts of oxygen by volume.] 
How many grams of oxygen will be formed by the action of 12 


-g of sodium peroxide on water? Calculate also the volume of 


the gas at NTP. 
A gaseous compound of carbon and nitrogen containing 


53.8% by weight of nitrogen was found to have a vapour - 


density of 25.8. What is the molecular formula of .the 
compound? 


Caicelate the weight of lime (CaQ) that can be obtained by ; 


heating *0C kg of limestone which is 93% pure. 


How many moies of impure potassium chlorate of 75% purity 
are required to produce 4° g of oxygen? 


957 
x=0.8n 
After the-reaction, 
Number of moles of H, = 2n — 2x 0.87 =0.4n 
Number of moles of O, = 0.2n 
Number of moles of H,0=1.6n 
Total moles = 0.4n-+ 0.2n +1.6n = 2.20 
Initial state: PY =nRT 
-O0.8xV =3nx Rx 293 ...G) 
After the reaction, PxV=2.2nxRX393. fii) - 


Solving eqs. (i) and (ii), we get 
. P =0.787 atm 


Questions 
fm. e 
500 mL of 0.25 M Na,SQ, solution is added to an aqueous 


12. 


13. 


15. 


17. 


18. 
19. 
20. 


21. 


What weight of zinc will react with dil. sulphuric acid to 
liberate 1000 mL of hydrogen at 27°C and 750 mm pressure? 

1.2 g sample of Na,CO, and K,CO, was dissolved in water to” 
form 100 mL solution. 20 mL of this solution required 40 mL 
of 0.1 NW HC] for complete neutralization. Calculate the weight 
of Na,CO, in the mixture. If another 20 mL of this solution is 
treated with excess of BaCl,, what will be the weight of the 
precipitate? : CGHT 1997) 
Calculate the volume of air containing 21% by volume of 
oxygen at NTP required to convert 294 mL of SO, into SO, 
under the same corditions. 

4g of an impure semple of CaCO, on treatment with excess 


HCI produce 0.88 g CO,. What is the per cent purity of CaCO, 


sample? 
’ What weight of Agcl will be preeintaied when a solution 


coritaining 4.77 g of NaCl is sae toa solution of 5.77 g'of 

AgNO? . 
Hint: AgNO; isa limiting reagent i in this problem. 4 
1.0 g of an alloy of aluminium and magnesium is treated with 
excess of dil. HCl. The evolved hydrogen ‘collected over 
mercury at 0°C has a volume of 1.20 litre at 0.29 atm pressure. 
Calculate the percentage composition of the alloy. 

-How much iron can be theoretically obtained by the reduction 


. of 1.0 kg of FeO? (At. wt. of Fe = 56} 


34 g of pure H,O, is decomposed. Calculate the mass and 
volume at NYP of oxygen that will be evolved. 
Find the percentage composition of iron and magnesium, 5.0 
g, which when dissolved in acid, gave 2.81 litre of H, at NTP. 
Equal weights of Hg and iodine are allowed to react 
completely to form a mixture of mercurous iodide and 
mercuric iodide. Calculate the ratio of the masses. of 
mercurous and mercuric iodides formed. (Hg = 201,1 = 117) 
Hint: Hg + 1, —>Hgl); 

Wig Whe  —. 455g 
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2Hg + l, —>Hg,1) 
402g 24 - 656 2 . 
Let the wt. of Hg,I, formed be x and Hgl, formed be ». 
0 2 
In the case of Hg,1,, Hg = ul x,l,= = x 


_ 201 . 254 
In the case of Hgl,, Hg = ——- », Lh = —— 
Bree Aegon gas 


402 201 254 254 
So, x4 ys x+ y 


656 455 656 455 
From this equation, x/ ycan be calculated.] 


0.072 mol, 16.8:°g 
0.26 
CaCO, = 0.94 g 
422 — 

8.75 g 

112L- 


8890 L 


2.462 g; 1.723 L 
CN, 
104.16 kg 

1.33 mol 

2.245 ¢ of zinc 


22, 


23. 


13. 
14. 
15. 
16. 
17. 
18. 
19. 
20. 


21. 


22. 
23. 


A mixture of Nal-and NaCl gave with sulphuric acid, Na,SQ, 


equal in mass to the original mixture taken. Find the 
percentage composition of the mixture. 


-A mixture of calcium and magnesium carbonates weighing 1.4 


g was strongly heated until no further loss of weight was 
perceived. The residue weighed 0.76 g. What percentage of 
MgCoO, was present in the mixture? 


Na,CO, = 0.5962 g, K,CO; = 0.6038 g, BaCO, = 0.394 g 
700 mL 

50% 

AgCl = 4.87 g 

Al = 54.87%, Mg = 45.13% 

700 g 

16 g; 11.2 litre 

Fe = 69.60%, Mg = 30.40% 

0.513 :1 

Nal] = 28.86%, NaCl = 71.14% 


20.45% 
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10. 


11. 


12. 


13. 


(a) AICI 


Set-1 : Questions with single correct answer © 


The formula which represents the simple ratio of atoms in a 
compound is called: 

(a) enipirical formula (b) molecular formula 

(c) structural formula (d) rational formula 

The empirical formula of a compound is CH. Its molecular 
weight is 78. The molecular formula of the compound will be: 
(a) CoH, () C3H;— ©) CAH, = @) CoH 

An organic compound on analysis gave C = 5.45%, H= 9.1% 
by mass. Its empirical formula is: 

(a) CHO, (b) CH,O = =(c) C,H,O (da) C3H,O 

The chloride of a metal has the formula MC1,. The formula of 
its phosphate will be: © 

(a) M,PO, (b). MPO, (c) M;PO, (d) M@O,), 
The formula of chloric acid is HC1O,: The formula for calcium 
chlorate is: 

(a) CaClo, (b) Ca(ClO;), 

(c) Ca,ClO, (d) Ga(ClO,), 

An element 4 is tetravalent and another element B is divalent. 
The formula of the compound formed from these elements 
will be: 

(a) A,B (b) AB (c) AB, (d) 4,B, 

A compound of aluminium and chlorine is composed of 9.0 g 
Al for every 35.5 g of chlorine. The empirical formula of the 
compound is: 

(b) AICL, (c) AICI, (d): AICI, 

Two elements A (At. mass = 75) and B (At. mass = 16) 
combine to yield a compound. The % by mass of A in the 
compound was found to be 75.08. The formula of the 
compound is: {MLNR 1991) 
(a) A.B (b) AB (c) AB, (d) A,B; 

On analysis, a’certain compound was found to contain iodine 


’ and oxygen in the ratio of 254:80. The formula of the 


compound is: (At. mass I= 127,O0 = 16) ; 

(a) 10° (b)- 1,0 (c) 1,0, (d) 1,0; 

The haemoglobin from red corpuscles of most mammals 
contains approximately 0.33% of iron by weight. The 
molecular weight of haemoglobin is 67,200. The number of 
iron atoms in each molecule of haemoglobin is: 

(a) | (b)2 -  . (e) 3 (d) 4 

24.9 g.of sodium thiosulphate (Mol. mass = 249) is weighed 
by a chemist. The moles of sodium thiosulphate he has 
wai are: 


Ory (@) 1 


The mass of sulphuric acid needed for dissolving 3: 
magnesium carbonate is: 


(a) 3.08 (oF) 70g (c) 17g (d) 170g 

10 mL o. ~ sclution of HO, liberated 0.5 g of iodine from KI 
solution. The percentage of H,O, in the solution is: 

(a) 0.27 ¢ (b) 067g (c) 047g (d) 0.878 


@ 4 OF 


14. 
15. 


16. 


17. 


18. 


19. 


20, 


21. 
22. 
25. 
24, 
25. 
26. 


27. 


(a) 2g 


_ (a) 1.12 litre _ 


The mass of CO, obtained when 60 g of calcium carbonate is 
treated with excess of hydrochloric acid is: 


(a) 30.0 g (b) 150g (c) 132g (d) 264¢ 


The % loss in mass after heating a pure sample of potassium 


chlorate (Mol. mass = 122.5) will be: 


(a) 12.25 (b) 24.50 (c) 39.17. (d) 49.0 


_The volume of oxygen required for complete oxidation of 2.0 


litre methane at NTP is: 

(a) 2 litre. (b) 4 litre = (c) ‘1 litre (d) 3 litre 

3 volumes of hydrogen are required to combine with one 
volume of nitrogen to form 2 volumes of ammonia. When | 
mole of hydrogen is allowed to react with the mole of 
nitrogen, the two gases: 32 ; _— 


(a) donotcombine . | cae ; aa 
_(b) combine and both the gases are eteeda up somuieey: 


(c) 2/3 mole of nitrogen remains unreacted 

(d) some hydrogen remains uncombined 

The percentage of nitrogen in urea is about: 

(a) 38.4. (b) 46.6 (c) 59.1 (d) 61.3 _ 
If a mixture containing 3 moles of hydrogen and 1 mole of | 
nitrogen is converted completely into ammonia, the ratio of 
initial and -final volumes under the same temperature and 
pressure would be: 

(a) 3:1 . (b) 1:3 (c) 2:1 (d) 1:2 

The mass of residue left after strongly heating 1.38 g of silver 
carbonate will be: 

(a) 116g (b) 133g (c) 266g (d) 108g 

The mass of oxygen with which 13.5 g of aluminium will 
completely react is: 

(a) 4g (b) 8g (c) 12g (d) 16g 

1.6 g of an organic compound on combustion gave 4.4 g 
carbon dioxide. The % of carbon in the organic compound is: 
(a) 30 (b) 45 (c) 60 (d) 75 

At NTP, 10 litre of hydrogen sulphide gas reacted with 10 litre 
of sulphur dioxide gas. The volume of gas, after the reaction is 


.complete, would be: 


(a) 5 litre (b) 10 litre (c) 15 litre (d) 20 litre 
A substance contains 0.25% iron by weight. The molecular 
mass of the substance is 89600. The number of iron eoihe per 


‘molecule of the substance is: 


(a) 5 _(b) 4 (c) 3 (dj 2. 

The minimtim amount of hydrogen required to reduce 7.95 g 
of CuO (Mol. mass = 79.5) will be: . 

(b) 4g 

(c) 2240 mL at NTP (d) 22400 mL at NTP 

2.0 g mixture of sodium carbonate and sodium bicarbonate on 
heating to constant mass gave 224 mL of CO, at NTP. The % 
mass of sodium bicarbonate in the mixture is: 

(a) 50 (b) 54 (c) 80 (d) 84 

What volume of hydrogen at NTP will be liberated when 
3.25 g of zinc completely dissolve in dilute HCI? (At. mass of 
Zn = 65) 
(b) 11.20 litre 


(c) 2.24 litre - (d) 22.40 litre 


960 
28. 


29, 


30. 


3h 


‘32. 


33. 


34. 


35. 


36. 


37. 


38. 


39, 


‘(c) 10 mL of O, 
‘Hint: 


_ (a) five 
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The volume of oxygen at NTP evolved when 1.70 g of sodium 
nitrate is heated to a constant mass is: 

(a) 0.112 litre (b) 0.224 litre(c) 22.4 litre (d) 11.2 litre 

50 glimestone is-heated. The quantity of quicklime produced 
18: 

(a) 56g (b) 28g (c) 14¢ (d) 10g 
Assuming that petrol is octane (CgHj.) and has a density of 
0.8 g mL”!, 1.425 litre of petrol on combustion will consume: 
(a) 100 mole of oxygen (b), 124 mole of oxygen 

(c) 150 mole of oxygen (d) 175 mole of oxygen 

1 mole of calcium phosphide on reaction with excess of water 
gives: (IIT 1999) 
(a) 1 mole of phosphine 

(b) 2 mole of phosphine 

(c) 2 mole of phosphoric acid 

(d) 1 mole of phosphorus pentoxide - 


Assuming fully decomposed, the volume’ of CO; released at 


STP on heating 9.85 g of BaCO, will be: (Atomic mass of 


Ba = 137) |CBSE (PMT) 2004] 
(a) O84L = 6b) 2.24L) (c) 4.06L (dd) 1.12 

MnO?” (1 mole) in neutral aqueous medium disproportionates 
to: {ALIMS 2603) 


(a) 2/3 mole MnO; and 1/3 mole MnO, 
(b) 1/3 mole MnO, and 2/3 mole MnO, 


(c) 1/3 mole Mn,0, and 1/3 mole MnO, 

(d) 2/3 mole Mn,O;-and 1/3 mole of MnO, 

56 g of nitrogen and 8 g of hydrogen gas are heated in a closed 
vessel. At equilibrium 34 g of ammonia are present. The 
equilibrium number of moles of nitrogen, hydrogen and 
ammonia are respectively: 
(a) 1,2;2 (b) 2,2,1 (c) 1,1,2 (d) 2,1,2 

If 30 mL of H, and 20 mL of O, reacts to form H,O, what is 
left at the end of the reaction? (AFMT 2007. 
(a) 10 mL of H, (b) 5 mL of H, 
(d) 5 mL of O, 


H,(g) + 5 5 On(8) — H,0(g) ] 

Initially 30 20 ay 

After the reaction 0 (20 ~ 15) * 30 
For the formation of 3.65 g of hydrogen chloride gas, what 
volumes of hydrogen gas and chlorine gas are required at NTP 
conditions? : {PMT (Kerala) 2005] 
(a) 1.121, 1.12L ~ (b) 1. 12 L, 2.24L 
(c} 3.65 L, 1.83 L (IL, IL 
An alkaloid contains 17.28% of nitrogen and its molecular 


’ mass is 162. The number of nitrogen atoms present in one 


molecule of alkaloid is: |PMT (Kerala) 2605} 
_ (b)four ~ — (c) three (d) two 
xgm of CaCO, was completely burnt in air. The weight of the 


solid residue formed is 28 8 8. What is the value of ‘x’ in grams? 
(EAMCET 2005) 
@ 44 (b) 200 S 150 (d) 50 


Sodium bicarbonate on heating decomposes to form sodium 
carbonate, CO, and water. If 0.2 mole of sodium bicarbonate 
is completely decomposed, how many mole of sodium 
carbonate is formed? [CET (&K) 2906; SCRA 2009| 


(KCET 2064) . 


40. 


41. 


42, 


43. 


44. 


’ of ozone formed atT K? 


(a) 168g 


(a) 0.1 
(Hint: 


(b) 0.2, (c} 0.05 
The reaction involved i is : 


(d) 0.025 


2NaHCO,(s) "+. Na,CO;(s) + CO,(g) +. H,00)] 


One mole of acidified K,Cr,0, on reaction with excess of KI 


will liberate .... moles of1,. [PET (Kerala) 2006) 
(a) 6 (b) 1 (c)7 (d) 3 
Hint: Cr,0F +14H* + 6 —— 2Cr* + 31, + 7H,0] 


The decomposition of a certain mass of CaCO, gave 11.2 dm? 
of CO, gas at STP. The mass of KOH required to completely 
neutralise the gas is: 

[KCET 2006; Indraprastha Engg.) 2007] 
(a) 56 g (b) 28 g (c) 42g (d) 20 g 
AtT K, 100 litre of dry oxygen is present in a sealed container. 
It is subjected to silent electric discharge, till the volumes of 
oxygen and ozone become equal: What is the volume (in litre) 


[EAMCET (Engg.) 20061 


(a) 50 L (6) 60L (ce) 30L (d) 40L 
(Hint: 30, —— 20; 
t=0 100 0 
100~3x = 2x 


After the reaction 
s 100 — 3x = 2x or x =20 
Volume-of ozone = 2x = 40 L] ae a8 5 
In the reaction, ° 
2AK(s) + 6HCI(ag.) ——> 2Al** (aq. + 6CI (agq.) + 3H,(g): 
(AIEEE 2007) 
(a) 11.2 L H, (a) at STP is produced for every mole of 
HCl(aq. } consumed 
(b) 6 L HCl(ag. ) is consumed for every 3 L H,(g ) produced 
(c) 33.6 L H,(g) is produced regardless of empcaue and 
pressure for every mole of Al that reacts 
(d) 67.2 L H,(g ) at STP is produced for every mole of Al that 
reacts ; 
The weight of iron which will be converted into its oxide 
(Fe,0,) by the action of 18 g of steam on it will be: 
(Atomic mass of Fe = 56) [CMC (Vellore) 2607| 


(b) 84 g (c) 42 g (d) 21 g 
Hint: 3Fe(s) + 4H,O(g) ——> Fe,0,(s) + 4H) (g) 
3mol. 4mol ha 
3x56 4x18 
=168g =72¢g 


72 g steam reacts with 168 g of iron 
“18 g steam will react with 42 g of iron.]- 
Match the following : ? 
; List-I List-Il (at STP) 


(A) 10g CaCO, (i) 0.224 LO, 


ttn 
-Deeomposition 


Excess HCI 


(ii) 4.48 LCO, 
(B) 1.06 g Na,CO, 


(iii) 0.448 L CO, 


-(C) 24gC— (iv) 2.24L CO, 
Combustion. 
E oO. 
(py 0.56 gco (v) 22.4LCO, 
Combustion 


46. 


47. 


48. 


49. 


50. 


51. 


w 
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‘The correct match is: [EAMCET fEngg.) 7068! 


A B c D 
(a) {iv) (i) (ii) (iii) 
ite) (v) (i) (ii) (iii) 
() - (iv) Gy’ ii) (ii) 
(d) - (i) (iv) Gp 3G) 
(Hint: (A) CaCO,—~> Ca0+ CO, 

100g 22.4L 

10g 2.24L 


(B) Na,CO, + 2HCl —> 2NaCl+ H,0 + CO, 


1 mol (106 g) 22.4L 
1.06 g 0.224 L 
(C) Cc +0,— CO, 
12g 22.41 
24g 4.48L 


(D) CO + 5a CO, ] 


28-8. - = 22.41 
0.562 0.448 L 


Fe?* ——» Fe?* , the ratio of 


+e, MnO, + 5Se7 —> Mn** 
stoichiometric coefficient of Fe?* and MnO, is: (OP VIT 2299} 


(a) 1:5 (b) 5:1 (c)2:3 (d) 6:1. 


‘What volume of oxygen gas (O, ) measured at 0°C and 1 atm, 


is needed to burn completely 1L of propane gas (C;Hg) 
measured under the same conditions ? 


[|CBSE-PM TE (Pred 2088} 


(a).5L (b) 10 L (c)7L (d)6L 
(Hint: C;H,(g) + 50,(g) —> 3CO,(g) + 4H,0(g) ] 
1 vol. 5 vol. 3 vol. 4 vol. 
1L Sik 3L 4L 


How many moles of lead (II) chloride will be formed from a 
reaction between 6.5 g PbO and 3.2 g HCI? 


(CBSE-PAIT (Pre.) 2008] 


(a) 0.011  (b) 0.029 (c) 0.044. ~— (d) 0.333 
6.5 3.2 
(Hint: ppg = 24 = 0.029; Mach ~ 365 = 0.087 


The reaction is, 

PbO+ 2HCl — > PbCl, + H,O ; 
PbO will be limiting reagent because on complete consumption, it 
gives 'cast amount of product, i.e., 0.029 mol PbCl).] 
1 mole of methylamine on reaction with nitrous acid gives at 
NTP: , 
(a) | litre of nitrogen (b).22.4 litre of nitrogen 
(c) 11.2 litre of nitrogen (d) 5.6 litre of nitrogen 
[Hint: CH; NH, + HONO—-> CH,--OH+N, + H,O] 


1 mol 22.4 litre 
atSTP - 


The value of ‘n’ in the reaction : 
Cr,07> + 14H" + nFe** —> 2Cr°* + nFe** + 7H,O 

will be : |RET (MP) 2268] 
(a) 2 (b) 3 (c) 6 (d)7 

In the complex with formula MCI, -4H,O, the coordination 
number of the metal M is six and there is no molecule of 
hydration in it. The volume of 0.1 MAgNO, solution needed to 
precipitate the free chloride ions in 200 mL of o ae M solution 
of the complex is: 


PPA} syated 2058) 


52. 


53. 


54. 


55. 


56. 


-(a) 40 mL 
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(b) 20 mL (c) 60 mL (d) 80 mL 
[Hint: The complex will be [/(H,0),CI, ]Cl, the complex will 
have free chloride ion concentration of (0.01 M). 

1Cl + 1AgNO; —> AgCl + NO; 


MV, _ MV, 0.01x 200 0.1xV, 
= or = 
nh My 1 it 
V,=20mL] 


1.5 g CdCl, was found to contain y 9 g Cd. Calculate the 
atomic weight of Cd. EAMOCET (Ongg.) 2009) 
(a) 118 (b) 112 “(c) Ce (d) 53.25 

[Hint; «- 0.6 g chlorine combines with 0.9 g Cd 


*, 71 g chlorine will combine with = x71¢Cd,i.e, 106.5 g Cd 


*, Atomic weight of Cd = 106.5 ] 
10 g of hydrogen and 64 g of oxygen were filled in a steel 


vessel and exploded. Amount of water produced in ‘this 

reaction willbe: | ~CAERMT 2669) 

(a) | mol (b) 2 mol (c) 3 mol (d) 4 mol 

[Hint; 10g H,,i.e.,5 mol is mixed with 64 gO, 
2H,(g) + Oo(g) ——> 2H,0(g) 


2 mol 1 mol 2 molt 


Le, 2 mol 


CaseI : Let H, is completely consumed: — 
‘’ 2 mol H, gives 2 mol H,O 
*. 5 mol H, gives 5 mol H,O 

Case II: Let O, is completely consumed 


* 1 mol O, gives 2 mol H,O 
*. 2 mol O, gives 4 mol H,O 


Since O, gives least amount of product on complete consumption 
hence it is limiting reagent and amount of H,O formed will be 4 
mol.] 
In an experiment, 4 g of M0, oxide was reduced to 2.8 g of 
the metal. If the atomic mass ‘of the metal is 56 g mol |, the 
number of oxygen atoms in the oxide is: CAP REC 2 10) 
(a) 1 (b) 2 (c)3 (d) 4 

A vessel fitted with a weightless, frictionless piston of 0.025 
m” area contains conc. HCI. The piston moved | m outward 
when 0.075 kg of iron fillings were added at 300 K. The 
solution left behind was found to contain Fe(II). The 


approximate purity of the iron sample is: (ISAT 2018) 
(a) 50% . (b) 75% (c) 90% (d) 40% 
{Hint: Volume of H, gas produced = 0.025 x 1 = 0.025 m 
ee 
PV =nRT 
1x 25 =nx 0.082 x 300 
ny, = 1.016 


The reaction involved is : 

Fe+ 2HCl —> FeCl, + H, T 
Thus, number of moles of iron will be 1.016. 
i.e., Mas iron is 1016X 56 i.e., 56.896 g 


% purity of iron sample = = x 100 = 75%] 


The reaction of calcium with water is represented by the 
equation: 


Ca + 2H,O —-> Ca(OH), + H, T 
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What volume of H, at STP would be liberated when 8 g of 
calcium completely reacts with water? (ALUMS 2010) 
(a)0.2em> = /b)0.4cm> = (c) 224em*>— (d) 4480. cm? 

What volume of hydrogen will be liberated at NTP by the 
reaction of Zn on 50 mL dilute H,SO, of specific gravity 1.3 
and having purity 40%? [BHU (Mains) 2016] 


1. (a) . 2. (dd) 3. (c) 4. (b) 
% (d) : 10. (d) We. (a) sd. fa) 
17. (c) 18. (b) 19. (c) 20. (d) 
25. (c) 26. (d) 27. (a) 28. (b) 
33. (a) 34. (c) 35. (d) 36. (a) 
41. (b) 42. (d) / 43. (c) . 44, (c) 
49. (b) ° 50.. (c) ae) ae 52. (c) 


57. (d) 


5. 
13. 
21, 
29. 
37, 
45. 
§3. 


(a)3.5 litre (b) 8.25 litre (c)6.74 litre (d) 5.94 litre 


[Hint: Mass of H,SO, = ee = 26g 
Zn + H,SO, -——> ZnSO, + H, 


Volume of H, at NTP = a x 26 = 5.94 litre] 


(b) 6 () 7. (d) 
(b) 14. (d) - 15. (c) 
(c) + 22. d) 23. (a) 
(b) 30. @) 31. (b) 
(d) 38. (A) 39. (a) 
(a) “46. (b) 47. (a) 


(d) > 54. () "85, (b)” 


8. 
16. 
24. 
32. 
40. 
48. 
56. 


(b) 
(b) 


(d) 
(dd) 


(b) 
(d) 


[ facmerd : oBECTIVE QUESTIONS 


(b) 
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| § OBJECTIVE QUESTIONS) for 
The following questions contain single correct option: 
1. What mass of Mg(OH), is required to neutralize 125 mL of 
0.136 M hydrochloric acid solution? 
Molar mass of Mg(OH), = 58.33 g mol !. 
(a) 0.2482 (b)0496g (c)0.992¢g (d) 1.982 
-{Hint: | Mg(OH), + 2HC1—=> MgCl, + 2H,O 
Number of moles of HCl = ac Apel iad Cae = 0.017 
1000 1000 7. 
2 mole HCT is neutralized by 58.33 g of pra 


..0.017 mole HCI will be neutralized Ge = x 0.017 g.of 


Mg(OH), 
= 0.496 g] 

2. Calculate the mass of ammonia that can be produced from the 
decomposition of a sample of (NH4).PtCl, containing 0.1 g Pt: 
Molar mass of (NH,), PtCl, is 443.9 g mol”. 

(a) 0.0811 g. (b) 0.0766 g -(c) 0.0175 g . (d) 0.00766 g 

3. Consider the following data: 


Element Atomic mass 
A 12.01 
B 35.5 — 
A and B combine to form new substance X .If 4 moles of B 8. 


combine with 1 mole of A to give | mole of X, then weight 
of one mole of X is: 


(a) 154 2 (b) 74 g (c) 47.5 g (d) 166 g 


[Hint: A+4B— > X 
Molar mass of X¥ = 12.01 + 4 x 35.5 =154 g mol] 
4. Chlorine can be prepared by reacting HCl with MnO,. The 9. 


reaction is represented by this equation: 

MnO,(s) + 4HCI(ag.) —> Cl,(g) + MnCl,(aq.) + 2H,0() 
Assuming the reaction goes to completion, what mass of 
concentrated HCI solution (36% HCl by mass) is needed to 10 
produce 2.5 g of Cl)? . 
(a) 5.15 g (b) 14.3 g (c) 19.4 g (d) 26.48 

5, What volume of 3 4 Na,SO, must be added to 25 mL of 1 M@ u 
BaCl, to produce 5 g BaSO,? : 
(a72mL (b)83mL (c)10mL (d) 14 mL 
(Hint: Na,SO, + BaCl, ——> BaSO, + 2NaCl 

Number of moles of BaSO, = MS ses 0.0215 
Molar mass 233 
Number of moles of Na,SO, needed = 0.0215 


Lae iy: 

1000 

3xV _ o0215 

1000 12. 
¥=72mL] 


6. When FeCl, is ignited in an atmosphere of pure oxygen, this 
reaction takes place: 


4FeCl3(s) + 30,(g) ——> 2Fe,0,(s) + 6CL(g 


If3 moles of FeCl, are ignited in the presence of 2 moles of O; 
gas, how much of which reagent is present in excess and 
therefore, remains unreacted? 

(a) 0.33 mole FeCl 3 remains unreacted 

(b) 0.67 mole FeC1, remains unreacted 

(c) 0.25 mole O, remains unreacted 

(d) 0.50 mole O, remains unreacted 

A. self-contained breathing apparatus uses potassium 
superoxide, KO,, to convert the carbon dioxide and water in 
exhaled air into oxygen, as shown by the equation: 

4KO,(s) + 2H,O(g) + 4CO,(¢) ——> 4KHCO,(s) + 303(g) — 


How many molecules of oxygen gas will be produced from ~~~ 


0.0468 g of carbon dioxide that is exhaled in a typical breath? 
(a) 4.8 x 10°°- (b) 6.4 x 107° (c) 8.5x 10" (ad) 1.9x 10! 
[Hint: «4 mole CO, gives 3 mole O, 


; 
0.0468 ) | | mole CO, will gives x vhs ia 


* —mole O2 _ 
\ 


= 7.977 x10 mol 
Number of molecules of 0, = 7.977 x 10 x 6.023 x 107 
=4.8x 10] 


Antimony reacts with chlorine according to this equation: — 
28b + 3Cl, === 2SbC1, 

How many grams of SbCl, can be prepared if 0.012 mole of 

antimony are reacted with 0.02 mole of chlorine? The molar 

mass of SbCl, equals 228.2 g mol”. 


(a)1.52g (b)183g (274g (d)4.56g 


A gaseous mixture of propane and butane of volume 3 L on 
complete combustion produces 10 L of CO, under standard 


. conditions of temperature and pressure. The ratio of volumes 


of propane to butane is: 

(a) 1:2 (b) 2:1 (c) 3:2 (d) 3:1 

What amount of ‘silver will be obtained on thermal decom- 
position of 2.76 g of silver carbonate, Ag,CO; (276 amu)? 
(a) 2.162 (b)0.216g (c) 216g ‘(d) 21.6¢ 
PH;(g) decomposes on heating to produce phosphorous and 
hydrogen. The change in volume when 100 mL of such gas 
decomposed is: 

(a)+50mL = (b) +500 mL (c)-SO0mL = (d) -500 mL 


Hints 4PH,(g) > Py(s) + 6H(e) 


Volume of H, formed by decomposition of 100 mL PH, ~ 
; = 2 100 = 150 mL 


Thus, geet in volume = = (150 ~ 100) = 50 mL] 

What amount of BaSO,, can be obtained on mixing 0.5 mole 
BaCl, with | mole of H,SO,? 

(ayu.S mol = (b) 0.15 mol (c)O.l mol  (d) 0.2 mol 


Hint: BaCl, + H,SO, —— BaSO, + 2HC)] 
Initially 05 | 0 0 
After the reaction 0 (1-05) 0.5 2x05 
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13. 


14. 


. At STP, 


15. 


16. 


s lint: 


_ 17. 


18. 
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In the reaction, 
CrO; + H,SO, ——> Cr,(SO4)3 + 4,0 + O4 

one mole of CrO, will liberate how many moles of O,? 

(a) 5/2 (b) 5/4 

(c) 9/2 (d) None of these 

Calcium carbonate decomposes on heating according to the 

equation; 

CaCO;(s) —— CaO(s) + CO,(g) 

the volume of CO, obtained by thermal 

decomposition of 50 g of CaCO, will be: 

(a) 22.4 litre (b)44 litre  (c) 11.2 litre. (d) 1 litre 

The volume in litre of CO, liberated:at STP when 10 g of 90% 

pure limestone is heated completely, is: 

(a) 22.4L (b)2.24L = (c) 20.16 L 


(Hint: CaCO, —>CaO+ CO,(g) 
1 mole 22.4 litre at STP 
(100 8) or 
7 100 g CaCO, =224LCO,, at STP 7 


9 CaCO, = ™4 x 91.€0, at STP 


(d) 2.016 L 


= 2.016 L CO, at STP] 
A metal oxide has the formula Z,0,. It can be reduced by 
hydrogen to give free metal and water. 0.1596 g of the metal 


requires 6 mg of hydrogen for complete reduction. The atomic 
mass of the metal is: 


_ a) 27.9 g mol”! 
aC) 79.8 g mol! 


(b) 159.6 g mol”! 
(d) 55.8 g mol! 
Z,0, + 3H,(g) —> 2Z +3H,0 


” 6g Hp gives 2 mole Z 

6 x 10% g H, will give 0.002 mole Z 

; Mass 

Molar mass 
0.1596 

Molar mass 


Molar mass = Ge 79.8 g mol] 
0.002 : 


Number of moles = 


0.002 = 


10 g CaCO, is completely decomposed to X and CaO. X is 
passed into an aqueous solution containing one mole of 
sodium carbonate. What is the number of moles of sodium 
bicarbonate formed? 
[Molar mass: CaCO ,(100); Na,CO,(106); NaHCO,(84)}. 
(a) 0.2 (b) 0.1 (c) 0.01 (d) 10° 
Chlorine gas can be produced by reacting sulphuric acid with a 
mixture of MnO, and NaCl. The reaction follows the 
equation: 

2NaCl + MnO, + 3H,SO, ——> 2NaHSO, + MnSO, 

+ Cl, + 2H,O 

What volume. of chlorine can be produced from | g of sodium 
chloride under standard conditions of temperature and pressure? 
(a 1.915L (by 191SL / (c)20.22L (a) O.IDIL 
[Hint: 2 mole NaCl (117 ei = I mole Cl, (22.4 L at STP) 


1 g NaCl will give 2" LCl, at STP 


= 0.191 L Cl, at STP] 


19. 


20. 


21. 


22. 


23. 


24. 


25. 


_ (Hint: 


{Hint: 


1 mole of a gaseous aliphatic compound C,H,,0,, is 


completely burnt in an excess of oxygen. The contraction in 
volume is: 


(alte 50-3 | (o)[1+ 3m 


@[1-Fn- 2m] 


A mixture of CH, and C,H, was completely burnt in an excess 
of oxygen, yielding equal volumes of CO, and steam. 
Calculate the percentages of the compounds in the original 
mixture: 

(a) 25% CH, and 75% C,H, (b) 30% CH, and 70% C,H, 
(c) 75% CH, and 25% C,H, (d) 50% CH, and 50% C,H, 
When same amount of zinc is treated separately with excess of 
H,SO, and NaOH, the ratio of volumes of H, evolved is: 

(a) 1:1 () 1:2 @21° @9:4 
Zn + HySO, —> ZnSO4 + Hy 

_ Zn + 2NaOH ——> Na,ZnO, + H,] 


10 mole of SO, and 15 mole of O, were passed over a catalyst 
to produce 8 mole of SO. The ratio of SO, and SO, moles in 
mixture is: 


(a) 5/4 (b) 1/4 (c) 1/2 


7 es 7 =f ee Se ~~ Catalyst ee ee oy 
SO,(g) + > 02(g) —-- _ 80;(g) 

t=0 10 15 0 

Final 10-x 15- ; x 


x=8 

gg, = 10—x = 2, Mp9, = 8 
Nso, 2 1 
Ngo, 8 4 
HgCh, + 4KI —-+ K,[Hel,]+ 2KC! 
1 mole each of Hg™* and I~ will fc 
Heli"? 2 
(a) 1 mol (b) O.5 mol (c) 0.25 moi (d) 2 mol 
25 mL of 0.15 M Pb (NO; ), reacts completely with 20 mL of 
Al, (SO, );. The molar concentration of Al, (SO, ) will be: 

3Pb(NO; ),(ag.) + Al, (SO, );(ag.} ——> 3PbSO, (s) 

+ ZAK(NO; )3 (ag. ) 


(d) 3/4 


Ow anany moles of 


(a) 0.0625 M (b) 0.0242 M 
(c) 0.1875 M (d) 0.2346 M 
MV MV, 
(Hint: | —— Pb(NO,), = + Al,(SO,); 
O15x 25 _ vs x 20 
3 1 
M, = 0.0625] 


In the reaction, 

2NH;3(g)+ 5F, ——> N,F, + 6HF 

3.56 g N3F, is obtained by mixing 2 g NH, and 8 g F,. The : 
percentage yield of the production is: 


(a) 81.28%  (b) 71.2% — (c) 68% (d) 79% 
[Hint: 2NH,(g)+ 5F, —> N,F,+ 6HF 
: 348 190g 1042 


Amount of No, formed by 2 g NH, =~" x2= 6.12 g 
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Amount of NF, formed by 8 g F, = = x $= 438 g 


N,F, will be limiting and actual amount of product is 3.56 g 
Actual amount of product 


% yield 


Calculated amount of product 
= 396 100 
4.38 
= 81.28% ] 
The following questions may have more than one correct 
options: 
1. 1.5 g of oxygen is produced by heating KCIO,. How much 
KC] is produced in the reaction? 
(a) 4.15x 107 mol (b) 4.33 g 
(c) 1.78 x 10? mol ‘D133 ¢ 
_2.__Calculate the amount of lime that can be produced by heating 
100 g of 90% pure limestone: 
(a) 50.4 g (b) 0.98 mol (c)0.9mol (d) 56g 


[Hint: CaCO, -——»> CaO + CO; 
100 2 56g 


100 g CaCO; = 56g CaO 
90 g CaCO, = ~ x 90 g CaO, i.e, 50.4 g CaO 


Number of moles of CaO = = =0.9] 


3. In an experiment, the following four gases were produced. 
11.2 Lof which two gases at STP will weigh 149? 3 


(a) N,O (b) NO, (c) N, (d) CO 
4, 2 mole of CO, is required to prepare: 
' (a) 336 g of NaHCO, (b) 168 g of NaHCO, 


(c) 462 g of CalHCO;), — (d) 162 g of Ca(HCO3)5 
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8.7 g of pure MnO, is heated with an excess of HC] and the = ~~> 
gas evolved is passed into a solution of KI. Calculate the 
amount of the iodine liberated (Mn = 55, Cl = 35.5, 1] = 127): 
(a) 0.1 mol (b) 25.4 g 

(c) 15.4 ¢ (d)7.7¢ 

100 mL of gaseous mixture containing CO, CO, and O, was 
sparked; there was contraction of 80 mL volume when the 
mixture was passed through aqueous caustic potash KOH. The 
composition of initial gaseous mixture will be respectively: 
(a)20mL,70mL,10mL  (b) 50 mL, 30 mL, 20 mL 
(c)30mL,50mL,20mL = (d) 30 mL, 60 mL, 10 mL 


[Hint : (d) . co+4o, se OO 


10 mL O, will give 20 mL CO, in above reaction. Thus, total 
volume of CO, will be 80 mL which will be absorbed in caustic 
potash KOH. SPS Sen 


Similarly-in-(c) option, 30: mL CQ, will be formed-on sparking-——— ~- 


] 
CO 4205.29.00; 
30 mL 30 mL 
(Limiting) 


Total volume of CO, will be 80 mL] 

SO, gas is slowly passed through an aqueous suspension 
containing 12 g CaSO, till the milkiness just disappears, what 
amount of SO, would be required? (BRU (Mains) 2015! 

(a) 12.8 g (b) 64g (c)0.2 mole (d) 0.1 mole 


(Hint : The reaction involved is a®. 
CaSO, + H,O+ SO, —> Ca(HSO,), 
milly colourless 
Imol . 1 mol os 
120 g 64g yar 


12 g CaSO, will react with 6.4 g SO, or 0.1 mol SO}.] 


e@ Single correct option 


1. (b) 2. () 3. (a) 4. (b) 
9) 10. @ U.@°  ~ 12 @ 
17. (a) 18. (d) 19. (d) 20. (d) 
25. (a) 


@ One or more than one correct options 


1. (c,d) 2. (a, ¢) 3. (c,d) 4. (b, 4) 


5. (a) 6. (a) 7. (a) 8. () 


13. (d) 14. (c) 15. (d) 16. (@) 
21. (a) 22. (b) * 23. (c) . 24, (a) 


5. (a,b) 6. (¢,d) 7. (bd) 
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HE 20 Linkep CompreneNsIon Type Questions 0= i 


e Passage 1 


In a reaction vessel, 100 g H, and 100¢ C7, are mixed and 


suitable conditions are provided for the following reaction: 


Hp (g)+Ch(g)—> 2HCI(g) 


Quantum yield of this reaction is = 10°. 
Answer the following questions: 
1. Select the correct statement(s) for the above reaction: 
(a) Presence of light is required for this reaction 
(b) It is a chain reaction 
(c) Catalyst is required 
(d) All of the above 
2. The limiting reagent in this reaction will be: 


(a) Hy ~ ) Ch 
{c) both (d) cannot be predicted 
3. ‘The actual amount of HCI formed in this reaction is: 
(a) 102.8 g (b) 73 g 
(c) 36.5 g (d) 142 g 
4. The amount of excess reactant remaining is: 
(a) 50 g (b) 97.2 g 
(c) 46 ¢ (d) 64g 
5. The amount of HCl formed (at 90% yield) will be: 
(a) 36.8 g (b) 62.5 g 
(c) 80 g (d) 92.53 g 


e@ Passage 2 


Dissolved oxygen in water is determined by using a redox 
reaction. Following equations describe the procedure: 
I. 2Mn?* (ag.)+ 4OH ~ (aq.) + O(g) ——> 2Mn0O,(s) 
+ 2H,0(/) 
II. MnO, (s)+ 20 ~ (ag.)+ 4H *(ag.)——> Mn >* (aq.) 
, +I, (ag. )+ 2H,0() 
Ill. 25,03" (ag. )+ 1, (aq. )——> S ,0¢° (aq.) + 2 ~ (aq) 
Answer the following questions: 
1. How many moles of S,0% are equivalent to each mole of O,? 


(a)0.5 (b) 1 (e)2. .. . (d4 ener 
_ 2. What amount. of I,. will be liberated.from_&..«. dissolved. 
oxygen? 


(a) 127 ¢ (b) 254 g (c) 504 g (d) 1003 g 
3. If 3x 10° moles O, is dissolved per litre of water, then what 

will be the molarity of 1 ~ produced in the given reaction? 

(a)3x10°M (4x 3x 10° M 


(c)2x 3x 10° M (a) 5x 310° M 


4. Number of which two chemical species will be same in the 
given procedure? 


(a)Mn0, —(b) I, ()1 (d) S05 
5. 8 mg dissolved oxygen will consume: 

(a) 5x 10 mol Mn?* (b) 2.5 x 107 mol Mn* 

(c) 10° mol Mn2* (d) 2 mol Mn?* 


Passage 1. 1 (a,b) 2.) 
Passage 2. 1. (d) : ) ae 


3. (a) 4. (b) 5. (d). 
3. (b) 4. (a) 5. (a) 
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Straight Objective Type Questions 


This section contains 10 multiple choice questions. Each 
question has 4 choices (a), (b), (c) and (d), out of which only 
one is correct. 
. An oxide of iodine contains 25.4 g of iodine for 8 g of oxygen. 
Its molecular formula will be: 
(a) 1,0, (b) 1,0 (c) 1,0, (d) 1,0, 
. 2gH, and] gO, are allowed to react according to following 

equation: ; 

2H,(g) + O_{g) - —> 2H,O(g) 

. Amount of H,O formed in the reaction will be: 
“(a3 g — (b) 1.125 go 
(c)45¢ (d) 2.50 ¢ © 


. 20 cc of CO, gas is passed over red hot coke. The volume of 


carbon monoxide evolved is: 
(a) 10 cc (b) 20 cc 
. Inthe Haber process: 
N,(g) + 3H,(g) ~~» 2NH,(g) 
30 L of H, and 30 L of N, were taken for reaction which 
yielded only 50% of expected product. What will be the 
composition of the gaseous mixture in the end ? 
(a) 20 LNH;, 25 LN, and 20 L H, 
(b) 10 LNH;,25 LN, and 15 LH, 
‘(c) 20 L NH,,10 L N, and 30 LH, 
(d) 20 L NH,,25 L.N, and 15 LH, 
KMnO, reacts with oxalic acid according to the equation: 
2MnO; + 5C,07° +16H* ——> 2Mn* +10CO, +8H,O 
20 mL of 0.1 4 KMnO, will react with: 
(a) 120 mL of 0.25 M oxalic acid 
(b) 150 mL of 0.1 M oxalic acid 


(c) 30 cc (d) 40 cc 


3. (d) 
ll. @) 


2. (b) 
10. (a) 


4, (b) 


(c) 50 mL of 0.1 M oxalic acid 
(d) 50 mL of 0.2 M oxalic acid 
Orthoboric acid, on heating, decomposes in two ways: 
(1) H,BO, ——>» HBO, + H,O 
(ID H,BO, ——> B,0; + H,O 
If 9 moles of H,BO, decomposes by (1). pathway and 
remaining by (II) pathway. If total 11 moles of water are 
formed, then the number of moles of B,O, formed is: 
(a) 6 (b) 5 (c)3 (d) 2 


2 moles of H,S and 11.2 Lof SO, at NTP react to give x mole 


of sulphur. The value of ‘x’ will be: 
Reaction: SO;(g) + 2H;8(g) —-»35 + 2H,O- 
(a) 1.5 (b) 3 (c) 112  (d)6 
A sample of argentite ore contains 1.34% of Ag,S by mass. 
How many grams of this ore would give 1 g of Ag on 
extraction? 
(a) 134g — (b) 108g) 85.7 gd) 7468 
What mass of HNO, is needed to convert 5 g of iodine into 
iodic acid according to the reaction? 
L, + HNO, ——> HIO, + NO, + H,O 

(a) 124g (b) 24.8 g (c)0.248g (d)49.6¢ 

KI +1, + HNO, ——» HIO, + KIO, + NO, 
If 3 moles of KI and 2 moles of I, are mixed with excess 
HNO,, then volume of NO, gas evolved at NTP is: 
(a) 716.8 litre (b) 1075.2 litre 
(c) 44.8 litre (d) 67.2 litre 
The decomposition of certain mass of CaCO, gave 11.2 dm? of 
CO, gas at STP. The mass of KOH required to completely 
neutralise the gas is : [BHU (Screening) 2010} 


(a) 56 g (b) 28 g (c) 42 g (d) 20g 


5. (c) 6. (d) 7. @) 8. (c) 
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There are 59 questions in this module. 
G) Q. 1-20. Have single correct answer 
(2) Q.21~30. Have more than one correct answers. 
_ (3) Q.31-35.  True/false problems. 
(4) Q.36-—40. Statement/explanation problems. 
(5) Q. 41-48. Thought type/comprehensive problems. 
(6) Q. 49-53. Multiple trie/false problems. — 
(7) Q.54=582 Triié or falsé type questions. 
(8) Q. 59. Matching type question. 


1. Kinetic energy of 0.3 mole of ‘He’ gas in a container of 
maximum capacity of 4 litre at 5 atm, must be: 
(R = 0.0821 atm litre mol”! K7!) 
(a) 30 atm litre (b) 100 atm litre 
(c) 9 atm litre {d) 11.11 atm litre 


(Hint: PY =; mnc 


- PY = 5 mic = KE 


bo | fos 


KE=> PY =3x5x4 = 30am lite] 


2. What will be the maximum spin multiplicity for 4d- orbital? 
(a) 4 (b) 6 (c) 5 (43 10 
(Hint: Spin multiplicity = 25 5 +1 ; 
=2x5x ; +1=6] 
3. Number of ‘He’ atoms in 52 amu sample is: 
(a) 2x 6.023 x 107 (b) 13 


(c)4 ae (d) 4 x 6.023 x 10° | 

4. Fora given one mole of ideal gas kept at 6.5 atm in a container 
of capacity 2.463 litre. The Avogadro proportionality constant 
for the hypothesis is: (see figure) 


(a) 0.406 (b) 2.46 
(c) 22.4 (d) none of * 
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(Hint: PY =nRT 
6,5 x 2.463 = 1 0,0821xT 
T =195K 


n04- 
B8S2 . 


Avogadro proportionality constt. -=- MMOEL 


BE 


A(s)=——= B(g)+ C(g). Total pressure at time of equilibrium 
is 40 atmosphere. If all the contents of this reactor have been 
shifted to another reactor of double capacity, then the total 
equilibrium pressure in the new Teactor will be: Gin 


atmosphere) 


(a) 20 (b) 40 (c) 400 (d) 1600 
[Hint: Since, gaseous species are not present on both sides, 


hence the equilibrium will not shift.] 


Gadolinium-153 is used in the detection of osteoporosis 
disease of bones. Half life of gadolinium-153 is 500 days. 
After how many days, on an average, the nuclide can be 


considered absent from the body of patients? 
(a) 500 days (b) 1000 days 
(c) Infinite (d) 350 days 


{Hint: The radioactive element will disappear from the body of 


patient after infinite time.] 


Amount of energy required to excite an electron of an atom 
from the lower energy state to its next higher energy state is 


' defined as: 
(a) ionization potential (b) electron affinity 
(c) critical potential (d) reduction potential 


Consider the values for AH? (in kJ mol™') and for AS° (in J 
mol”! K*!) given for four different reactions. For which 
reaction will AG° increase the most (becoming more positive), 
when the temperature is increased from 0°C to 25°C? 


(a) AH® = 50, AS° = 50 (b) AH® = 90, AS° 


= 20 


(c) AH® = ~20,AS° =~-50 (d) AH® = - 90, AS° = ~ 20 


(e) None of these 


The energy of the orbitals decreases in the order: 


(a)s> p>sp’>sp>sp’  _(b) p> sp? > sp? > sp>s 
(c) sp? > sp*>sp>s>p  (d)s>sp>sp*>sp?>p 


(e) none of these 


[Hint: Greater the percentage of ‘p’ character, more is the 


energy of the orbital.] 


These are the first eight ionization energies for a particular 
neutral atom. All values are expressed in MJ mol”!. How 


many valence electrons do/does this atom possess? 


11. 


12. 


13. 


14. 


15. 


16. 


_ 4. Ionisation potential of He* 
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Ist 2nd 3rd 4th Sth 6th 7th 8th 
1.31 3.39 5.30 7.47 10.99 13.33 71.33 84.01 
(a) 1 (b)2 (c)4 (d) 6 
(e) None of these 


Consider the reaction: 
2H,(g) + 2NO(g) —> N;(g) + 2H,0(g) 
The rate law for this reaction is, 
Rate = & [H, [NOP 
Under what conditions could these steps represent the 


mechanism? 
Step1. 2NO=— N,0, 


Step 2. NO, +H, —> N,0+H,0 
Step 3. N,O+H, —>N, +H,0 


(a) These steps cannot be the mechanism under any 
‘circumstances 


“(b) These steps could be the mechanism if step 1 is the 


slowest step 
(c) These steps could be the mechanism if step 2 is the 
slowest step of 
(d) These steps could be the mechanism if step 3 is the 
slowest step 
(e) None of the above 
Match the following: 
1. Energy of ground state of He* 
2. Potential energy of Ist orbit 
of H-atom 
3. Kinetic energy of 2nd excited 
state of He* 


(i) ~ 6.04 eV 
(ii) ~27.2eV 


(iii) 8.7x 1078 J 


(iv) —54.4 eV 
(a) 1+); 2~(i); 3G); 4(iv) 
(b) I-{iv); 211); 3+{i1); 4-@) 
(c) 1{iv); 2-(ai); 3-(); 4{ii) 
(d) 1-Gi); 2{iti); 3+{); 4{iv) 
If electrons are transited from n, excited state to n, excited 
state, then number of lines observed in the spectrum will be: 
(a) (ng — my ry ~ my + 1) (b) (m — Ag )(ng ~ 1m +1) 
2 2 
(me Fe met Dg 2m, =m )(n, + 17 


(c) 7 


When an electron is transited from 2£ to £ energy level, the 
wavelength of photon produced is A,. In making electronic 


transition from ; E to £ level, the wavelength A, is: 


42, 


(aA, =A, (Bb) A, = es (©)A2 = 3A, (A) Aq == 


Completely filled es have ce! stability and are 
spherically symmetrical like d a p's f 4, etc. The species 
among Cl”, Ar and N, which have such orbitals are: 

(a) Cl, Ar (b) NZ, CI 

(c) Ar, Ny (d) Ar, Cl’, N 


An atom has x energy levels; then total number of lines in the 
emission spectrum will be: 


17. 


18. 


19. 


20. 


969 
(a)l+2+34+...+(x+1) 
(b)1+24+34+...42° 
(ce) l+24+34+...4+x 
(d)1+24+34+...4+(x-1) 
Carbon atom has electronic configuration, C= 1s? ‘ 
2s? and 2p”. The spin multiplicity of carbon atom is: 
(a) 3 (b) 2 (c) 1 (d) 4 


An electron moves around protons (nucleus) in a circle of 
radius r. Assuming that the uncertainty of momentum of 
electron is of the same order as the momentum itself, the 


’ momentum of the electron will be: 


h h 
(a) aa (b) Dur 


The oxidation state of iron in sodium nitroprusside is: 
(a)-30r-2 (b)+30or-3) (c)+20r-2  (d)-2 or-3 
The oxidation state of sodium in sodium amalgam is: 
(a) +1 (b)-1 (¢) zeto 


(c) 4rthr (d) 2nhr 


Question 21 to 30 have more than one correct answers: 


21. 


22. 


23. 


24, 


25. 


26. 


The substance(s) which can act as oxidising as well as 
reducing agent is/are: 


(a) H,0, : St (b) 0; : 
(c) NH, —- NH, . (d) HNO, 
Which of the following statements is/are correct? 


_ (a) The electronic configuration of Cr is [Ar] 3d 4s! 


(b) The magnetic quantum number may have negative value 

(c) In silver, 23 electrons have a spin of one type and 24 of 
the opposite type 

(d)- The oxidation state of hydrogen in NH; is +3 

Which of the following statement(s) about wave function y of 

an electron is/are correct? , 

(a) y has no physical significance 


(b) yw? represents the probability of finding electrons 


(c) yy * = y? = byl? 

(d) y is continuous, definite, finite and single valued 
Loss of a B-particle is equivalent to: 

(a) increase in number of protons by one 

(b) decrease in number of neutrons by one 

(c) change in atomic mass by one unit 

(d) none of the above 


The maximum velocity of liquid molecules up to which its 


flow is streamline is called critical velocity. The critical 


velocity of a liquid depends upon: 
‘(a) coefficient of viscosity 


(b) radius of the tube 
(c) density of the liquid (d) mass of the tube 
Which of the following curves represent(s) Boyle’s law? 


dye 


FRR EY NL TIF 


ae. 
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A ae 
Vv 
(c) (d) 
27. Which of the following set(s) of compounds is/are used as 
semipermeable membrane? 
(a) Calcium phosphate, cellulose nitrate” 
(b) Calcium phosphate, copper ferrocyanide 
(c) Cellulose nitrate, copper ferrocyanide 
(d) Copper ferrocyanide, copper sulphate 
28, For exact determination of molecular mass: 
(a) solute must be volatile’ 
(b) solution must be very dilute ~ 
(c) solvent must be non-volatile 
(d) solute must not be dissociated or associated 
29. For the reaction to be spontaneous: 
(a) AS should be positive 
(b) (AH — TAS) should be negative 
(c) (AH + TAS ) should be negative 
(d) AH should be negative 
30. When a colloidal solution Y is converted into two different 
solutions Y and Z,the osmotic pressures of Y and Z were found 
to be respectively higher and lower than XY. This’ indicates 
that: 
(a) X is a colloidal solution and Y is suspension 
(b)_X is a colloidal solution and Z is true solution 
(c) X is colloidal solution and Z is suspension 
(d) X is a colloidal solution and Y is true solution 


In the following questions (31-35), indicate ‘a’ 
Statement is true and “b’ if the statement is false: 


if the 


31. The plot of PY versus P at constant temperature is a straight 
line passing through origin. 


32. Bohr model could not explain the fine line spectrum of 


hydrogen. 
33. 4,Sc and Cr** are isoelectronic, hence they have same 
. electronic configuration. 
34, van’t Hoff factor is equal to unity if the solute undergoes 
' 100% dissociation. 
35. A mixture of ideal gas is cooled up to liquid helium 
temperature (4.22 K) to form an ideal solution. 


In each of the following questions, a Statement (S) and 


Explanation (E) are given. Choose the correct answer from 
the codes a, b, c and d given for each question: 


(a) S is correct but E is wrong. 

(b) Sis wrong but E is correct. 

(ec) Both S and E are correct and E is the correct 
explanation of S. 

(dq) Both S and’E are correct but E is not correct 
explanation of S. 
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36. (S)} All Arrhenius acids are also Bronsted acids. 
(E) All Bronsted bases are also Lewis bases. 
37. (S) 1 amu equals to 1.66 x 10° g. 


(E) 1.66 10 g equals 1/12th mass of '?C atom. 
.38. (S) Spectral lines are not observed for 2p, — 2p, transition. 
. (E) p,, p,and p. are three-fold degenerate orbitals. 
39. (S) Compressibility factor (Z) for non-ideal gas is always 
greate: than unity. 
(E) Non-ideal gases exert less pressure compared to ideal 
gases under identical conditions. 
40. (S) If in zero order reaction, the concentration of the reactant 
_ is doubled, the half life period is.also doubled. 
‘(E) For a zero order reaction, the rate of reaction is 
‘ independent of initial concentration. 
When 2 g non-volatile solute is dissolved in 100 g of benzene, 


the vapour PIS of benzene at 20s is boners som 74:66 ~~ 
mm to 74.0bmm.~ cgi pede Saute Sate 


Answer the following avucationé 
41. Mole fraction of benzene in the solution will be: 


(a) 0.89 . (b) 0.69 (c) 0.99 (d) 0.79 
.42. The molar mass of solute will be: 
(a) 200 (b) 277.624  (c) 177.624  (d) 350 
43. Molecular formula of solute may be: : : 
(a) CygHig ~~ (b)Cy2Hog = (C) CygHyq = (d) Cy gHag 


44, . If the solute is a hydrocarbon containing 94.4% carbon, then 
the number of moles of carbon in 1 mol of it will be: 


(a) 12 (b) 10 (c) 16 (d) 14 
45. Molality of solution will be: ; 
~ (a) 0.013 (b) 0.06 (c) 0.23 (d) 0.05 


The age of articles of organic origin can be estimated by 
radiocarbon dating. The radio-isotope carbon-14 is produced 
continuously in the upper atmosphere as the nitrogen ines 
capture cosmic ray neutrons. 


VN +l\n—o NC+i 


The '*C atoms react with oxygen molecules to form ““CO>. 
COs is absorbed by the plants in photosynthesis. Carbon-14 
decays with a half life of S730 years. 

Ho 54a Se 
After death, the plant no longer carries out photosynthesis, so it 
no longer takes-up ' *CO>. Other organisms that corsunte plants 
for food stop doing so at death. The emission from | “Cin dead 
tissue then decreases with the passage of time. The activity per 
gram of carbon is a measure of the length of time elapsed since 
death. The carbon-14 technique is useful only for dating objects 
for a limited period of time. 


Answer the following questions: 


46. Which one is correct? 

{a} Carbon dating is predicted only for wood not older than 
60000 years. 

(b) Carbon dating is predicted only for wood not older than 
600 years. 

(c) Age of any older wood can be predicted by the radio 
carbon dating. 

(d) Radio carbon dating is used only for wooden objects. 
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47. Apiece of wood taken from a cave dwelling in New Mexico is 55. pH of 10°'° Mf HCLis 10. 
found to have a carbon-14 activity (per gram of carbon) only (a) True (b) False (c) cannot be predicted 
0.636 times that of wood cut today. Estimate the age of the 56. Specific conductance of clectrolyte ‘solution decreases on 
wood: dilution. 
(a) 7430 yr _ (b) 3740 yr (c) 4370 yr_- (d) 7340 yr (a) True (b) False (c) cannot be predicted 
48. In carbon dating: et ; 57. 3s-orbital has 2 nodes, inclusive of radial and angular nodes. 
(a) the decay rate of 6Cis as ; (a) True (b) False (c) cannot be predicted 
(b) the rate of aroumulanon of 6C is studied 58. Conductance of LiCl is greater than NaCl at infinite dilution. 
(c) the rate of decay of '¢C is studied (a) True (b) False (c) cannot be predicted 
(d) the rate of formation of RC is studied 59. [A] Match the Column-I with Column-II. Choose the correct 
In each of the following questions, three statements I, I, III - one from the alternatives (a), (b), (c) and (d). 
are given. Mark: Column-! ° Column-II 
(a) ifall the statements are correct P. Wilkinson catalyst . — I. trans-IrCl(CO)(PPh,), 
(6) if Hand II are correct Q. Speier catalyst , Il. Hydrosilylation 
(c) if] and HI are correct ’R. Water gas shift : TIL RhCl(PPh ), 
(d) ifonly His.correct. _ catalyst edles Se te 
49, In CrOs:.. _ jy dttdelhbh Geb. os _ .§. Zeolite ZSM-5...0.... TV. Synthetic gasoline... -____._.. 
(Dp Oxidation munibee of Cri is 6: catalyst A 
(II) Four oxygen atoms are involved in peroxy linkage. V. Hydroformylation 
(ID Only one oxygen atom has —2 state. ai VI. Zinc-copper oxide 
50. (I) The conductance of molten NaCl is due to movement of ~ (a) (b) (c) (d) 
Na* and Cl” ions. PHI Pst Bev _ P-Il a 
(II) Molten NaCl is a good esac due to mobility of free Q-I QV Ql Qvi 
electrons. 7 R-VI R-II R-VI. R-IV 
(III) Solid NaCl is a bad conductor of electricity. S-IV SIV S-IV S-II 
S51. (1) Resistance of metals i increas on DEAE [B] Match the Column-I with Column-II. Choose the correct 
(II) Unit of cell constant is om”! ‘ one from the alternatives (a), (b), (c) and (d). 
(ID Specific conductance decreases on dilution. Column-I ace 
§2. (1) Oxidation number is same as formal charge. , P. Low temperature ; I. a 
(II) The numerical value of oxidation number and valency Vv 
may differ. Q. Meanspeed Il. Maxwellian distribution 
(IIT) Absolute value of electrode potential cannot be _R. Internal pressure Ill. & 
determined, S. Excluded volume IV. Adiabatic nope 
53. (I) Cathode is —ve terminal in both electrolytic and tion 
electrochemical cells. : ce BE 
(II) Reduction occurs at cathode, both in elecnelye and - : V. lat yi | 
electrochemical cells. 
(III) Chemical change in electrolytic cell is non- spontaneous. _ : nen + Ae : — ; nee 
Predict whether the following statements are True or False: a — a Vv | 7 - 
34. At Curie point, ferromagnetic solid changes to paramagnetic os : o Sa Q- 
eeitc: » RES RI | Roll R-II 
(a) True (b) False (c) cannot be predicted So SH Sav SI 
1. (a) 2. (b) 3. (b) 4. (b) 5. (b) _ &@ § 2@© _ 8 (c) 
9. (b) 10. (d) I © - 12. (c) 13. (a) 14. (c) 15. (a) - 16. (d) 
17. (a) 18. (a) 19. (b) 20. (c) 21. (a,b,c) 22. (a,b,c) —- 23. (a,b,c, d) 24. (a,b) 
25. (a,b,c) 26. (a,b,c,d) 27. (a,b,c) 28. (b, d) 29. (a,b) 30. (c,d) 31. (b) 32. (a) 
33. (b) 34. (b) - 35. (b) 36. (a) - 37. (a) . 38. (a) 39, (b) 40. (d) 
41. (c) 42. (c) 43. (a) 44. (d) 45.. (a) 46. (a) 47. (b) 48. (a) 
49. (a) 50. (c) 51. (a) «52. (b) 53. (d) 54. (a) 55. (b) 56. (a) 


57. (a) 58. (b) 59. (A-d), (B-a) 


m, | 


MODULE-2 


Following questions have single correct option: 


1. 


The frequency of de Broglie wave associated with a 


microscopic particle of mass 107” gm is 2.5 x 10° MHz, then 


the velocity of the particle will be: 

(a) 4.08 km/s (b) 5.81 km/s 
(c) 17.32 km/s (d) 1.22 km/s 

The total number of nodes for.4d-orbital will be: 

(ay2 (b) 3 (c) 0 (d) 1 

N, +3H, === 2NH, + heat. The activation eriergy for the 
forward as well as backward reaction is decreased by 100 J, 
then the equilibrium amount of NH, will: 

(a) increase (b) decrease 

(c) remain constant ~ ' (d) cannot be predicted 

During K-electron capture mainly: 

(a) Y-rays are emitted (b).B-particles are emitted 

(c) positron are emitted (d) X-rays are emitted 

The magnetic moment of an iron compound is 5.918 BM, then 
the oxidation state of iron in this compound will be: 


(a) 0° (by 1 (c)2 (a3 


. Which of the following graphs represents a first order 


reaction? 
7 _ : 
a 
(b) 
to.33 A to.33 
a a 
(e) (d) 


For the reaction, 
Cc Apa + 60,(g) ——> 6CO,(g) + 6H,O(); 
AU = — 2810kJ/mol 
AH in kJ/mol is: 
(a) 845 — (b) -890 (c) -2810 (d) —-2864 
The standard emf of the cell, set-up from the reaction, 
2Cu*(aq.) == Cus) + Cu**(aq.) 
is 0.36 V at 298 K. The standard free energy in kJ/mol for this 
reaction is: 
(a) ~ 34.73 (b)-69.46 (c)-3473  (d) - 6946 
When the reaction is first order in A and zero order in B, rate 


constant is: 
a 


(a){- 1} in [4h 
[A], * fly 


[4], 


U1. 


12. 


13. 


‘14, 
. percentage of oxygen in its oxide is: 


17. 


18.. 


10, 
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A aaeseel reaction, 2X + ¥,——+2XY follows the 
mechanism: : 


Pa eo (fast). 

ee a) 4 4 (slow 
then the order of reaction is: 
(a) 1 (b) 2 (c) 3 (d) undefined - 


The inversion of cane sugar in aqueous acidic medium is a 
reaction of: 


Which among the following is correct | about the energy 
- sequence (in case of H-atom)? 


(a) 3s<3p< 3d (b) 3s = 3p= 3d - 
(c) 3s> 3p > 3d (d) 3s > 3p <3d 
If the equivalent weight of an element is 32, then the 


(a) 16 (b) 40 (c) 32 | 

Which of the following statements are true? 

(a) For gases, in general, viscosity increases with increase in 
temperature. 


(b) For liquids, viscosity varies directly with pressure. 


(d) 20 


“(c) For gases, viscosity is independent. of pressure. 


(d) All ofthe above are true. 
(e) None of the above 


The following figures show the Sunie probability 
distribution of: 


(a) de , and d,, orbitals (b) d 2 3 , and d_, orbitals 
(c) d,, and d. orbitals (d) none of these _ 
The equation E=hy indicates that: 


(a) photons have both particle and wave nature 


. (b) photons are waves 


(c) photons are stream of particles 

(d) no such inference can be drawn from the given equation 
In which of the following conditions, the density of N, is 
maximum? 

(a) STP 

(c) 546 K and | atm 


(b) 273 K and 2 atm 
(d) 546 K and 2 atm 


(a) zero order (b) first order — —_ 
(c) second order (d) third order 
Which of the following belongs to, e.g., (double grade) 
orbitals? 

Maya, dig: (b) d,, d.. 
(c)dy dx (d)di2_ yoda 
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19. A sample of natural gas contains 85% CH, and 15% C,H,. 22, The greatest ionic character of compounds formed by reaction 
What is the molecular mass of the mixture? of pairs of ‘the listed elements would be exhibited by the 
(a) 16.6 (b) 26.6 (c) 30.6 (d) 20.6 compound with the formula, 4,0. 
20. Match the List-I and List-II: 23. Thes?* i en is colon eft and has an electronic configuragon of 
aa aaa a a Is”, 2s? 2p®, 35” 3p® 3d 7. 
List-I List-Il De _ ixeet 
—}-——_— i Ss — 24. The carbonate of compound H is insoluble in water. 
(A) |The limits of pH values off (i) 5x10 25. Element R is a gas’at room temperature. 
buffer solution. 26. Element T _ an mets gas ‘with a electronic configuration 
(B) |The [H,0]* concentration| (ii) Equal ne 2s” 2p°, 3s? 3p° 3d !°, 4s? 4 p®. 
=e , oo M Ba(OH), : 20 cm? of a gaseous element X reacts with excess of an element Y 
ution. 


to form 40cm” of a gaseous compound of X and Y. All volumes 


(C) |The buffer capacity of aj (iii) Ist order reaction — are measured under the same conditions of temperature and 


solution is maximum when 


wie pressure. 
conc. of salt to that acid is: Select whether the Jains statements are True or False. 
(D) Hydrolysis of ethyl acetate| (iv) pK, +1 True (a) False (b) 
Reiceileaae $$$ 27. Molecule of X contains at least two er of X.. + 
Codes (AX (BY #£ — (D) 28. The formula of the compound formed is XY. 
(a) iv il i ili ‘29, Molecules of X cannot consist of more than two atoms. 
(b). iv i iit ; ii 30. X is less dense than the compound of X and Y. 
(c) i a iv ii iii’ 31. Y is less dense than the compound of X and Y. 
. (d) ~ ov i il ili Assertion-Reason Type Questions: it 
21. Match the List-I.and List-: ae ee 


In the questions 32 to 36, statements are given for Assertion(A) 


and Reason (R). Choose the correct answers fromthe codes 
mi List-I = _List-II piven below: (®). i 
(A)|Rate constant has the same mo) One (a) Both (A) and (R) are correct and ® is the correct 
unit as the rate of reaction. x ' explanation of (A). 
(B) \Reactions having apparent | (ii) Zero order (b) Both (A) and (R) are correct but (R) is not the correct 
molecularity more than reaction . explanation of (A). 


three ; . (c) (R) is correct but (A) is wrong. 


| . ‘ s ape (d) (A) is correct but (R) is wrong. 
(C) aoe = ee (iii) Complex reaction 32. (A) In hydrogen spectrum (6569 A) line is observed in 
cula 


oan Balmar series. 
reaction is one. 


(R) Balmar lines are found in ultraviolet region. 


(D)|For a reaction, A — B, the |(iv) Pseudo unimol- ~ 33. (A) All Arrhenius acids are also Bronsted acids. 
rate of reaction doubles as ecular reaction .(R) All Bronsted bases are also Lewis bases. 
the concentration of 4 is 34, (A) All p-orbitals are directional. 
doubled. as _ (R)_ p-orbitals are oriented along axes. 
pd fe yee pe gegn p aia bt a 35, (A) 0.1 Af NaCl + 0.05 4 HCI solution on mixing in equal. 
Codes: (A) (B ) (C) (D) volume forms a buffer solution. 
(a) u ea Hl : (R) The solution is a mixture of salt and acid thus act as a 
(b) il ill iv i buffer. 
(c) ili ii iv i 36. (A) Number of revolution per second by an electron is same 
(d) ii iv i iti in all shells. 
The diagram below shows partof the skeleton of the periodic (R) Orbital frequency = a. 
table in which elements are indicated by letters which are not 2nr 


their usual symbols Questions with more than one correct options: 


reducing agent is/are: 


— 37. The substance(s) which can act as oxidising as well as 


” eae ae (c) NH, — NH, oe 


38. Which of tue following statement(s) is/are correct? 
(a) The electronic configuration of Cr is [Ar] 3d°, 4s". 


| Saas faa i fui : = 
Pees eee pee | 
Wie 
Select whether the following statements are True or False: 

True (a) False (b) 


alt _ 
dE 
| 


(b) The magnetic quantum number may have a negative value. 

(c) In silver, 23 electrons have clockwise spin and 24 
electrons have anticlockwise spin. 

(d) The oxidation number of N in NH is ~3. 
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40. 


41. 


42. 


43. 


‘44, 


45. 
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Loss of a B-particle is equivalent to: 

(a) increase in number of protons by one 

(b) decrease in number of neutrons by one 

(c) change in atomic mass by one unit 

(d) none of the above 

Following curve shows the energy spectrum of B- caniciens in 
the figure: 


= — 
NO . 


Number of particles ——> » 
[o°) 


0 02 


06 08 1.0 1.2 
Energy of.particles in MeV ——> 


The curve indicates: 

(a) B-rays spectrum is continuous 

(b) different B-particles (emitted) have different energies 

(c) the energy Speci of B- “particles of all the elements is the 
same 


(d) no B-particle has energy more than 1 MeV 


Maximum velocity of a liquid up to which its flow is stream 


line is called critical velocity. The critical velocity of a liquid — 


depends upon: 
(a) coefficient of viscosity _(b) radius of the tube 
(c) density of the liquid (d) mass of the tube 


When a liquid solidifies, generally, there is: 
(a) decrease in enthalpy (b) decrease in entropy | 
(c) increase in enthalpy (d) increase in entropy 


Which of the following set(s) of chemical compounds is/are 


used as semipermeable membrane? 
(a).calcium phosphate, cellulose nitrate 

(b) calcium phosphate, copper ferrocyanide 
(c)} cellulose nitrate, copper ferrocyanide 
(d) copper ferrocyanide, copper sulphate 


For the depression in freezing point. The correct statement(s) - 
_ is/are: 


(a) The vapour pressure of pure solvent is more > than that of 
solution. is 

(b) The vapour pressure of pure solvent is less than that of 
solution. 

(c) Only solute molecules solidify at the freezing point. 

(d) Only solvent molecules solidify at the freezing point. 

For exact determination of molecular mass: 


. (a) solute must be volatile 


(b) solution must be very dilute . 
(c) solution must be of similar components 
(d) solute must not be dissociated or associated 


46. 


47, 


48. 


Match the Column-I with Column-II: 


Column-I- | Column-II 
| ; ; h 
(a) {de Broglie equation (p) A= 2 Me 
(b) |Lyman series i(q) eu 
V2Em 
(c) |Wavelength —_associated!(r)_ Transition “from higher- 
with particle of mass m | shell to K-shell 
(d) }66x10°'° Jenergy per |(s) Ultraviolet radiation 
j 
|photon 
(a) ® @ co) 
(b) ® @ ® 
© . © @” © oO” 
(dé) ® @ © 
Match the Column-I with Column-I1: 
—~-- -—-Column-I____) 7 _Columa-Th 
(a) |Mn I(p). Radius tatio (0. 732 Ly 


(b) | Body-centred cubic (q) Hexagonal close- 


packed 
\(t) Packing (0.68) 


(c) |ABC ABC ABC 


(d) |Be '(s) Number of constituent 
| | ‘units in one unit cell (1) 
(a) i) ®@ @ © 
«by ® @ © 
te) @ @ ® 


75.2 g of CgH;COOH is dissolved in a kg of benzene to lower 
its freezing point by 7 K. K, for benzene is 14 K kg mol’. 


’ Calculate the percentage association when it forms a dimer. 


668086989068 
eeeeeeooee 
6680888068 
66G666860866 
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(Hint: AT =ixK,x we x 1000 (Hint: g=600J,AY =12-2=10L,P=latm © 
Mg X Wa w=-PAY =~{x10x1013=-1013J 
Feb 1d x 202% 1000 AU =q4 + w= 600-1013 =-413 J] 
122 x 1000 Predict whether the following statements are True/False: 
i= 0.81 50. For mixing of two ideal gases at 25°C and 1 atm, AG,,,, = 0. 
on ae 1- 0.81 _ 9 39 (a) True (b) False 
\-l/n 1-1/2 | 51. For mixing of two ideal gases at 25°C and 1 atm, AS,,,, = 0. 

Percentage association = @ x 100 = 38] - (a) True (b) False . 


§2. Isobaric thermal coefficient of an ideal gas is ‘R’. 


49. A sample of gas present in a cylinder fitted with a frictionless (a) True : (b) False 


piston expands against a constant pressure of 1 atm from a 


volume of 2 L to 12 L. During this process, it absorbs 600 J abe, Passer (orien Jor treispontanenyoha pEneras 18 AS system > 
heat from its surroundings. Calculate the decrease in the (a). True (b) False 
internal energy of the system in joule. : 54. Thé radioactive element undergoes complete decay in twice of 
Se ee half life. 
e OO) (a) True . (b) False 
@ ® © @ pater ae 
@ @ @ @ 
8 @ e) e 
@ @ @ - @ 
® ® ® S) 
@ @ @ @ > - 
@ @ @ @ . 
@ ®@ ® @ 
@ ® @ ®@ 


(hii 


1. (a) 2. (b) 3. (0) 4 ()°. 5 @ 6. (bt) - 7 (c) 8. (a) 
9.. (c): 10. (c) He (b) 12. (d) 13. (b) 14. (c) 15. (a) 16. (b) 
17. (d) 18. (b) 19. (a) ~ . 20. (d) 21. (b) 22. (b) 23. (b) 24. (b) 
25. (b) 26. (a) 27 (b) '° 28. (a) - 29. (b) 30. (b) 31. (b) 32. (d) 
33. (d) 34. (a) 35. (b) 36. (c) 37. (a,b,c) 38. (a,b,c) 39% (a,b) 40. (a, b) : 
41. (a,b,c) 42. (a,b) 43. (a, b,c) 44, (a, d) 45. (b, d) 46. (a-p,q) (b-1,8) (p,q) (d-1,8) 


47. (a-s, ‘b-p,t) (c-q) (d-q) 50. (a) 51. (b) 52. (a) 53. (b) 4. (b) 
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SECTION-I — SECTION-II 


REASONING APTITUDE 


ELECT CORRECT ALTERNATIVE 
(For llT & AIIMS Aspirants) car 


AMONG THE GIVEN OPTIONS. . 

The questions given below (1 to a consist of an ‘Assertion’ (A) in col- (For AIEEE & Medical Entrance Aspirants) 

umn (1) and ‘Reason’ in column (2). Use the following keys to ; , 

ae ie appropriate Eales (2), as 11. Pick out the pair in which the energy change of one is reverse of 

the energy change in the other: 

(a) = a ae a and vite are correct and reason is the correct ex- (1) radio (2) fluorescent lamp G) toaster (4) photoelectric cell 
Oe ree terse (a) land2 © (b) 2and3—(c) 2and4 (d) 3and4 

(b) If both assertion and reason are correct but reason is not correct ex- {as ouside the following eateinens about fistender coacuont = 
planation of the assertion, aa B SALEMCHIS BDOUE AIST OMe’ 12ACH0n- 

(c) If assertion is correct but reason is incorrect. (1) ser eat Aeehctaan directly proportional to the 

(d) If assertion is incorrect but reason is correct. (2) Its half life period is always constant 


i 


Assertion (Column 1) & AS Season (Column 2), 2), -(3) Concentration of reactant falls exponentially. 


an ideal gas is proportional to its|tract nor repel each other. mole of O,(g) were allowed to react to form SO;(g) under the 
temperature at constant volume. Be a att influence of a catalyst. The following reaction occurred: 


a 
5. In a radioactive disintegration, an|Electrons are always present in- 2S0)(g) + O2(g) == 2803 (g) 


: ; Vet : At equilibrium it was found that 50% of SO,(g) was converted to 
SLE HOR ta mies OP ect ie nem SO,(g). The partial pressure of O(g) at equilibrium will be: 
| 6. The ratio Cp/C, for a diatomic/ The molecules of a monoatomic’ (a) 0.66atm (b) 0.493 atm (c) 0.33 atm (d) 0.2 atm 
' gas is more than that for ajgas have less degrees of free- 16. The electronic configuration ls”, 2s*2p°, 3s! describes which one 
monoatomic gas. dom than those of a diatomic a, 
oe i -of the following? 


; ; . (a) An excited state of fluorine atom 
7, Many endothermic reactions that/Entropy of the system increases 


alae : . (b) The ground state of neon 
are not spontaneous at room tem-! with increase in temperature. ; 2 
(c) The excited state of O 
perature, become spontaneous at ; ; 2d - 
high temperature, : , (d) The ground state of fluoride ion F 


8. No two electrons in an atom can|No two electrons in an atom can 
hays the same values of four quan-jbe simultaneously in the same, 
tum numbers. shell, subshell, orbitals and 

have same spin. 


takes place between them; such a liquid pair will cause: 
(a) positive deviation from Raoult’s law 

{b) negative deviation from Raoult’s law 

(c) no deviation from Raoult’s law 


9. In radioactive disintegrations,|/ Binding energy of ,He is more 3 (d) cannot be predicted 
| He" nuclei can come out of thejthan that of +H a 18, A ne or ae nn in - temperature. Comnbotion 
nucleus but lighter He cannot. ; curve of a mixture of two liquids indicates: 


(a) that the liquids are immiscible with one another 

10. A crystal having fcc structure is|Packing fraction for fcc struc- (b) that the liquids are partially miscible at the maximum or 
more closely packed than a crystaliture is double than that of bec minimum 

having bee structure. _|structure. 


Leah ee Se rat ee a oe ae os 


{c) an azeotropic mixture 
(d) a eutectic formation 


17, When acetone and chloroform are mixed, hydrogen bonding | 


— cEeecainnie eee iti (4) It has low activation energy. 
| 1, Noble gases can be liquefied. | Attractive forces can exist be- Of these statements: =< > —-_ os 
, itween ‘non-polar molecules. | (a) 1,3 and 4 are correct (b) 1, 2 and 4 are correct 
; 2. Boiling point of a solvent increas-|The boiling point of a liquid| (c) 1,2 and3are correct —— (d) 2, 3 and 4 are correct 
| es when a non-volatile solute isjis the temperature at which] 13. Which one of the following is the correct order of energies of 
dissolved in it. vapour pressure of a fad 3p, 3d, 4s and 4p orbitals as per Aufbau principle? 
; equals the vapour pressure 0 (a) 3p <3d<4s<4p . (b) 3p <4s<3d<4p 
_ jthe atmosphere. - ‘ (e) 3d <45<4p<3p (d) 3d <3p<4p<4s 
3. A mixture of sodium acetate and|A buffer solution reacts) 14, In the emission line spectra of hydrogen atom, how many lines 
| . sodium propionate forms a buffer|with small quantities of hydro- . can be accounted for by all possible electron transitions between 
solution. gen or hydroxyl ions and keeps : five lowest energy levels within the atom? 
the pH almost same. ! (a) 4 (b) 5 “ (ce) 10 (d) 20 
4. The pressure of a fixed amount ofiIdeal gas molecules neither at- 15. Ina closed container at 1 atm pressure, 2 mole of SO;(g) and 1 


. 19. 


20. 


21. 


22. 


23. 


24, 


25. 


26. 


27. 


28. 


29. 


30. 
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The electrode reactions for charging of a lead battery are: 
PbSO, + 2e-—> Pb + SOF 
PbSO, + 2H,;0 ——> PbO, + SOF + 4H* +.2e 
‘The electrolyte in the battery is an aqueous solution of H,SO,. 
After this battery has been charged: 
(a) the sulphuric acid will be more concentrated 
(b) the sulphuric acid will be less concentrated 
(c) the concentration of H,SO, will be unchanged 
(d) H,SO, will have been completely decomposed 
At 291 K, the molar conductivity at infinite dilution of NH aC, 
NaOH, NaCl are 129.8, 217.4, 108.9 ohm™! cm? mol” 
respectively. If the molar coriductivity of centinormal solution of 
NH,OH is 9.33 ohm! cm* mol”, what is the percentage 
dissociation of NH,OH at this dilution? 
(a) 0.392. (b) 39.2 (c) 3.92 (d) 0.039 
Through molten AICI, , a charge-equal to the charge of 1 mole 
N* was passed. Volume of Cl, evolved at anode. will be: 
(a) 22.4 litre (b) 67.2 litre (c) 33.6 litre (d) 11.2 litre 


The rate constant of a reaction will be equal to pre-exponential 
factor when: 


(a) temperature in centigrade is zero 
(b) absolute temperature is zero 


_(c)_ absolute temperature is infinity 


(d) no suitable answer 


The energy levels of A, B and C of certain atoms correspond to 
increasing values of energy, i.e., 


Ey < Ep <ke 
If A;, Ay and A, are wavelengths C to B, B to A and C to A 
respectively; which of the following relation is correct? 
(b) A3 =A,Ag/(A, + Ag) 
(c) Ay + Aq + A3 =0 (d) aN +5 
A stationary hydrogen atom emits a photon corresponding to the 
first line of Lyman series. What velocity does the atom acquire? 
(a) 3.25 m/sec (b) 2.35 m/sec 
(c) 3.52 m/sec (d) 5.23 m/sec 
Which of the following transitions is not allowed in the normal 
electou spectrum of an atom? 
(a) 2p-ls  (b) 3d > 2p (c) Sp—3s  (d) 2s—>1s 
How many spectral lines can be observed when an excited 
electron returns from 7th to 2nd shell? 
(a) 10 (b) 15 (c) 20 (d) 14 
Two lines of Balmer series of hydrogen are 486.1 and 410.2 nm. 
if the difference of wave numbers of these lines corresponds to 
the wave number of a line in the series, to which of following 
series does the line belong? _ 
(a) Brackett (b) Paschen (c) Pfund 
For a third order reaction, half life is given as: 


1 
b) 44 "3 
( ) V2 a 


What specific name can be given to the following sequence of gia 

Hg + hv —~» Hg* 

Hg* + H, —> Hg+ H, * 
H, * —> 2H 
(a) Photosensitization (b) Photosorption 
‘(c) Phosphorescence — (d) Chemiluminescence 

If the tetrahedral sites in a ccp array of negative ions (8) were half 
filled with cations (A), the empirical formula of the compound 
will be: 
(a) A,B; 


(d) Humphrey 


] “ 
(a) ty. = (©) va oa? ® hyo © a 


(b) A,B (c) AB, (d) AB 


31. 


“32. 


33. 


34, 


35. 


36. 


37. 


38. 


» 39, 


Poe 


Anelectron in the p-orbital has an orbital angular ea of: 


(a) V2h aes (@ = 
oi 2m 


An electron of ¥ ea v’ is found to have a certain value of de 
Broglie wavelength. The velocity to be possessed by a neutron to 
have the same de Broglie wavelength is: 

(a) 1840v (b) 2/1840) (ec) v (d) 1840/e 

van’t Hoff factor for a dilute aqueous solution of HCN is 1.00002.- ~ 
The percentage degree of dissociation of the acid is: : 
(a) 2x10° (b)1x10% (ce) 2x10° (dd) Ix10% 

The average life of a radioactive element is 10 miriute. In 10 
minute what percentage of a radioactive element will decay’? 

(a) 50% (b) 63.21%  (c) 75% (d) 100% 

Which of the following corresponds to zero order reaction? 


£ eee oy re ee as 
@ 5 ) 
Time —> Time —> 
(c) 2 : (d) None of these 
ian 
Time —>» 


The equilibrium constant X’, for the reaction, . 
X(g)+ ¥(g) == Z(g) 
is found to vary with temperature in the diagram as shown: 


vt 


(a) The reaction is exothermic in forward reaction 


(b) The equilibrium mixture contains a high proportion of Z at 
higher pressure 


(c) The equilibrium mixture contains a high proportion. of Z at 
high temperature 


(d} The equilibrium is unaffected by addition of inert gas 
Helium was discovered in sun’s atmosphere by analysing: 
(a) Mayer hoff bands (b) Fraunhofer lines 
(c) spectrum (d) spectrometer. 
For an ideal solution of miscible components: 
AS pix =—- RE My log x, 
(a) AS,,,, 18 a negative quantity 
(b) AS,;, 18 a positive quantity 
(c) AS i, is zero ~ 
(d) AS,,;, is sometimes negative and sometimes positive 
Specific conductance of a conductivity solution: 
(a) increases with dilution 
(b) decreases with dilution 
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42. 


43. 
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46. 


47, 


48. 


49, 
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(c) is independent of concentration 
(d) depends upon the cell constant 


‘In the oxide of a compound ‘A’, oxide ions are arranged in 


hexagonal close packing and A** ions occupy two-thirds of the 
octahedral voids. What is the formula of corundum? 


(a) AO (b) 4,0 (c) 4,0; (d) AO, 
Spinel structure is shown by: 
(a)MgAl,O, (b) ZnAl,O, (c) MgFe,O, (d) all of these 


Which of the following atomic orbitals does not have the four 
lobes lying er ri between the axial directions? . 
(a) 3d, (b) 3 _(c).3d,,° “ @) 3d, aa 
The degree of ‘iisepoiation (a) of a ies electrolyte A,B, is 
related to van’t Hoff factor * i’ by expression: 

i-1] i-| 


(a) a= (b) «=———— 
x+ y-1 xt ytl 
am | : i-] 
The solubility of mercurous chloride in water will be:given as: 
(a) S=K,, (b) S=K/4 


@ s=(«K/4) (d) S = Ky /4y'3 
The activation energies of two reactions are E£,, and E,,. If the 


temperature of the-reacting systems is increased from 7, to 7), 
predict which of the following alternatives i is correct? 


kik k, ky 
(a) +=— (b) +>4 

ae ky ie 

oie oe 
c) <4 d) +<22 
(c) ce (d) rae 


where, ky and ky are rate constants at higher temperature. 

Ta a cubic unit cell, seven of the eight corners are occupied by 
atoms ‘4’ and centres of faces are occupied by atoms ‘3’. The 
general formula of the compound is: 

(b) 4B (c) A; Bo, 
The rate law of a reaction of ‘A’ and ‘B’, 


rate =k [A]"[B]” 


(d) Ao4B, 


may be determined by plotting ¢,,. versus [4 Jo (plot 1) and rate 
versus time for ‘B’ (plot 2). 


Rate —» 


tye 


[Alo -—> Time —» 
(plot 1) (plot 2) 
The rate law superscripts, ‘7’ and ‘m’ are: : 
(a) 0,0 (b) 0, | (c) 1,0 (d) 1,1 


For |s-orbital of hydrogen, the radial electron preety has a 
maximum value at: / 

(a) O1A (b) 040A = (c) 0.53A (d) 2.1A 

Which of the following expressions correctly represents the 
relationship between average kinetic energy of CO and N, 
molecules at the same temperature? 


52. 


§3.-~ 
“@R=RA” 


54. 


55. 


56. 


57, 


58. 


59. 


60. 


(a) Eco > Ex, 
(b) Eco < Ex, 
(c) Eco = Ex, 
(d) Cannot be predicted unless volumes of the gases are given 


On the basis of Hardy-Schulze mule, which of the following 
sequences represents the coagulating power of cations? 


(a) Ba?* > Al* > Na* (b) Ba* > Na* > A* 
(c) Alt >Na* > Ba** (d) Al* > Ba®* > Nat 


’ Adiabatic expansion of an ideal gas is accompanied by: 


(a) increase in temperature 
(b) decrease in AS 

(c) decrease in AE 

(d) no change in any one of the above properties 

For a cyclic process, which of the following is not true? 
(a) W =0 (b} AE=0 (c) AH=0 = (d) AG=0 
Radius of nucleus is related to the mass number‘A” by: 
~——=—(byR = Rod 


(c) R= RA? (d) R=R A”? - 
A catalyst: 
(a) increases the average kinetic energy of molecules 


(b) increases the activation energy 


~(cy alters the reaction mechanism) ~~" °°" 


(d) increases the frequency of collisions of reacting species 

A chemist wishes to prepare a buffer solution of pH = 3.85 that 
efficiently resists changes in pH yet contains only small 
concentration of the buffering agents. Which one of the following 
weak acids together with its sodium salt would be best, to use? 
(a) m-chlorobenzoic acid (pK, = 3.98) 

(b) p-chlorocinnamic acid (pK, = 4.41) 

(c) 2,5-hydroxybenzoic acid (pK, = 2.97) 

(d) Aceto-acetic acid (pK, = 3.58) 

For coordination number 4, the geometry that is not possible is: 
(a) trigonal planar ~ (b) tetrahedral 

(c) irregular tetrahedral (d) trigonal pyramidal 

The rate constant, the activation energy and the Arthenius 
parameter of a chemical reaction at 25°C are 3 x 107 sec™!, 104.4 
kJ mol and 6x10" ‘sec’ respectively. The value of rate 
constant as T — © is: 
(a) 2x 108 5"! 


(c) infinity 


(b) 6x 10% 57 
(d) 3.6 x 10° 5" 


Emission of one ‘o’ and two ul particles successively from an 
element forms: 


(a) isotope of parent element (b) isobar of parent element 


* (c) isotone of parent element (d) isomer of parent element 


Fraction of the total volume occupied by atoms in a simple cube 


is: 
nt: V3n V2n T 
(a) = O= GF <@F 
2 6 
Which of the ‘alisiieg statements is ae 
(a) Crystalline solids are optically anisotropic 


. (b) Glass is amorphous solid 


(c) There are 14 Bravais lattices 
(d) There are only 10 crystal symmetries 


61. 


62. 


63. 


~ 64. 
65. 


66." 


67. 


- 68. 


69. 


70. 
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Which of the following pairs is correctly matched? 


Phenomenon 
Charge on the nucleus 
Quantized electron orbit 
Quantization of energy 
The nuclear atom 


Experimental observation 

(a) X-ray spectra 

(b) «particle scattering 

(c) Emission spectra 

(d) The photoelectric effect 
Arrangement of the following group of orbitals in which they fill 
with electrons: 

(Sf, 6p, 4p, 6s, 4d, 4 f) 

(a) 4p, 4d, 68,4 f,6p,5f  (b) 68,4d,4/.5/,4p, dp 

(c) 6s,4p,44,4f,5f,6p  (d) 4d,4p,4f of, 6s, 6p 

7° meson is exchanged between: 

(a) proton and neutron 

(b) proton and proton 

(c) neutron and neutron 

(d) may bé between two protons or two neutrons 


“Tfnucleons in an excited state fall toa lower energy level, energy 
_ is emitted as: 


(a) o-rays ~  (b) B-rays (c) y-rays (d) X-rays 

Minimum amount of energy required to remove a proton is 

approximately: 

(a) 2MeV (b) 4 MeV 

“Mark the incorréct statement: 

(a) Semiconductors are basically insulator 

(b) In metal crystal conduction occurs because molecular orbitals 
extend over the whole crystal and there is no energy gap 
between filled and unfilled molecular orbital 

(c) Mobile electrons account for high thermal and electrical 
conduction of metals 

(d) When a metal is heated with a non-metal, the resulting 
compound is never an ionic compound 

Given: 


(c) 6 MeV - | —@) 8 MeV 


(i) NH,(g) + 3Cl,(g) —> NC1,(g) + 3HCl(g); AH, 
(ii) -N2(g) + 3H,(g) ——> 2NH,(g); AH, 
(iii) H,(g)+ CL,(g) —> 2HCKg); AH, 


Express the enthalpy of formation of NCI,(g) (AH pi in terms of 
AH), AH, and AH: 


(d) AH, = AH, +5 AH, +5 AH, 
A spontaneous process may be defined as: 
(a) a process which is exothermic and evolves a lot of heat 
(b) a process which is slow and reversible 
(c) a process which takes place only in presence of a catalyst 
(d) a process that occurs without any input from the surroundings 
In the sequence of reaction, 

A 13 ky 

L —> M »>N—— 0 
ky > ky >k, 

The rate determining step of the reaction is: 
(a) L—> M (b) M—>N(c) N-—- 0 (d) L—O 
The plot of log V against log P at constant temperature for a fixed 
mass of gas is: 


71. 


72. 


73. 


74, 


| 979 


ee (b) 


log P —~> 


log V ——»> log V ——> 


a 


log V —+> 


(c) o (d) 


jog P 


jog V ——> 


When mercuric iodide is added to aqueous solution of KI: 
(a) freezing point is raised 
(b) freezing point does not change 
(c) freezing point is lowered 
(d) boiling point does not change 
The van der Waals’ constant ‘b’ for water vapour is 0.03 litre 
mol”!, The radius of water vapour molecule is: 
(a) 1448cm (b) 1448A  (c) 1.448pm (d) 1.448 nm 

kj 
For a reaction 4 

ky "B 
individual rate constants by: 
(a) k= ky ky (b) kylky (©) yk 
N,O, decomposes to N,O, and O, as: 

N,0; —> N,0, + 40, 

The pressure P, at any stage is related to po and ‘ 
dissociation, as: 


(a) Po 


, the overall rate constant is related a 
(d) ky + ke 


x’, the fraction of 


©) d+ 5%)m 


3° 3 
(c) Las Po (d) 3 *Po 


SECTION Ill 


MULTIPLE CHOICE QUESTIONS 
(For IIT, AHMS and BHU Medical Entrance) 


This section includes those questions in which two or more options may 
be correct. Few of them have single correct choice. 


75. 


76. 


77. 


An ideal gas: 
(a) has no intermolecular attraction 


_ (b) molecules do not collide with each other 


(c) the product of P and V is constant at a fixed temperature for 
definite mass 

(d) can be liquefied easily 

Extensive properties among the following is/are: 

(a) refractive index (b) volume. 

(c) density (d) mass 

Which of the following statements regarding equilibrium i is /are 

true? 


’ (a) Equilibrium constant varies with temperature 


(b) Equilibrium constant varies with catalyst 
(c) The reaction stops when the equilibrium is reached 


(d) The equilibrium constant depends on the concentration of 
reactants 


980 


78. 


79, 


80. 


_ (a) freezing point is raised’ 
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When mercuric iodide is added to aqueous KI solution: 
(b) osmotic pressure is raised 
({c) boiling point is elevated (d) vapour pressure is raised 


The correct statements are: 


‘ (a) Smoke is carbon dispersed in air 


(b) Butter is water dispersed in fat 
(c) Greater is the valency of ion more will be its coagulating 
power 
(d) More is the gold number of a lyophobic sol, more is 
' protecting power 


- ‘Select the correct statements among the slays: 
, (a) Order can be zero. 


(b) Order cannot have fractional value. 
{c) Order is a theoretical quantity. 


. (d) Order is equal. to molecularity for decomposition of N.O; 


81. 


82. 


83. 


84. 


85. 


86. 


87. 


88. 


giving N,O, and O,. 
Rate law for a chemical reaction is: 
Rate = k[A]'7[B] 
Choose the correct options among the following: 
(a) Order of the reaction is 3/2. 
(b) Unit of its rate constant is ea mol”? sec™!, 
(c) Unit of rate is mol litre”! ‘sec. 
(d) Its molecularity is always 3. 
Liquid benzene burns in oxygen according to: 
2C,H, + 150, ——> 12CO, + 6H,O 
If density of liquid benzene is 0.88 g/cc, what volume of O, at 


_STP is needed to complete the combustion of ed ce of liquid 


benzene? 
(a) 11.2 litre (b) 74 litre 
For the reaction; 


NH, () + 2H,02(/) —— N>(g) + 4,0) 


(c) 0.074 m3 (d) 37 dm? 


heats of formation of N,H,4, HO, H,O are 12, — 45 and ~57.8 
kcal’ mol”'. Internat energy change for this reaction is/are at 
298 K: 


(a) ~153.2 kcal mot! (b) — 641.142 kJ mol 
(c) -24.8 keal mol”! (d) -309 keal mol! 


Which of the following electrolytes have same osmotic pressure 
as that of 0.1 Af KCI? 


(a) 0.1 MHCI (b) 0.1 M NaCl 

(c) 0.1 M CsCl (d) None of these 

Select the correct statements about the following reaction: 
N,(g) + 3H2(g) === 2NH;,(g); 

{a) Increase in pressure will favour forward reaction. 


-(b) Addition of inert gas forms more NH. : 


(c) At low temperature, there is forward shift. 

(4) Catalyst will increase the amount of NH. 

Which among the following is/are correct about penetrating 
power? 

(a) c-rays are less penetatiag than B-rays. 

(b) B-rays are less penetrating fan y-Tays. 

(c) a, B, y rays have equal penetrating power. 
(d) yfrays are most penetrating. 

Select the natural series among the following: 
(a) (4n+1)  (b) (4n #2) (c) 4n (d) (4n + 3) 
Select-the correct concjusion(s) about average life: 

(a) ‘Average life = 1/0 

(b) Average life = 1.44 x fy 


AH =—22.4 kcal mol"! 


89. 


90. 


(c) The time in which 63.2% element decays is called average life 


* (d) None of the above 


Which of the following statements are correct? 

(a) 1 faraday is the charge of | mole electron. 

(b) 1 faraday is used to deposit | g equivalent of a substance. 
(c) 5.6 litre O, will be evolved at STP by | faraday charge. 

(d) 11.2 litre Cl, will be evolved at STP by 1 faraday charge. 
Select the species having zero oxidation state at the underlined 
elements: 


(a) (CH3),80 (b) CyH220j; (¢) Hz $0;  (d) NoHy 


91. PCI;(g) = PCI3(g) + Cl(g) 
‘a’ is the degree of dissociation of PCI, at equilibrium pressure 
‘P’. Which among the following is the correct expression for 
degree of aaecenen of ‘a’? 
g= 
- or eae P+ & a 
© ¢ O= KP @) a= /PIK,: 
92. In Wilson Cloud Chamber, the track is formed by: 
(a) O-rays (b) Bays (c) y-rays (d) all of these 
93. Select the correct relation: 
(a) Ny =N - 100/233 (b) Ng = Ne ae 
a =) 
(c) nls as, (d) N =Nye 
94, For the first order reaction, fou, = X X fggy,, 
the value of ‘x’ will be: . 
(a) 10 (b) 6 (c) 3 (d) 2 
95, Which among the following has same kinetic energy as O, gas at 
» NTP? 
(a) Hy (b) Ny (c) CO, {d) None of these 
96. Which among the following is correct about y-rays? 
(a) High energy electrons 
(b) Low energy electrons 
(c) High energy electromagnetic waves 
(d) High energy positrons 
97, The RMS speed at NTP of a gas. can be calculated from the 
expression: 
(a) V3P/d —(b) V3PV/M (c) V3RT/M (d) f3diP 
98. The graph representing Boyle’s law is(are): 
oO 
@ y | (bo) & 
x) 
Pp —. log V ——> 
(c) (d) 
>| a 
99, For diatomic molecules; the correct relation is/are: 


@) Cp=KR (W) Cy=%R(OY=14  @Cp=HKR 
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190. Which of the following aqueous solutions produce the same 
osmotic pressure? 
(a) 0.1 Mf NaCl solution 
(b) 0.1 M glucose solution 


[ bvismnees with Hints. for Selected Questions: = : + 


- (c) 0.6 g urea in 100 mL solution 


(d) 1.0 g of a non-electrolyte solute in 50 mL solution (Molar 
mass = 200) 


SECTION I 


24. (a) 25. (d) 
lL. (b) 2 (b) 3. (b) 4. (b) 5. (c) 26. (b) my =7, nn =2 
6. (d) Degree of freedom = 3n No. of lines = (2 14 = 4D 
where, n = no. of atoms in the molecule. 6 oe 
7. (b) At high temperature, TAS > AH _ 7-207 - 241) 
; AG = AH -TAS = - ve Ses 
: and process will be spontaneous. ; = ce =15°- 
8. fa) 27 The difference fall in far infrared seric 
9% (ec) Binding energy has no role in emission of o- particle. nip % ake) fe CISC Sale an satan rane Sees 
p ratio determines the mode of emission. 28. (b) typ 3 where, n = order of reaction. 
; i 4[,H' ]—> ,He* + Baye? ]+ Energy 29. (a) — —. 
k » a 
- 10. () Packing fraction (fcc) = 74% . ines 
: : _ 30. (d) Number of ‘B’ atoms = 1_ 
Each Hacda (ote yer Ole Number of tetrahedral void = 2n_ 
SECTION II Number of ‘A’ atoms = zai =n 
SA. © . o 
12. (c) “Rate = & [A]! (for first order) . “A:Ben:n=1:1 hoe 
_ 0.693 Formula = AB 
hip = -s = constant j 
; é : 31. (b) Orbital angular momentum = ,// (2 + 1) — 
13. (b) Lower the value of (n + 2), lesser is the energy of orbital. : 2 
Nn - 1) (%~n +1 = ra . 
14, (c) No. of lines = as 2 ~My) (Mg ~ Hy ) {=1 for ‘p’ subshell. 
2 32. (b) ; 
= higher shell i= 
ne higher she 33. ) atc! p22 for HCN. 
n, = lower shell n~4f. 
15. (d) py =x, xp=\¥xil= 05 atm, x, = 4 = mole fraction - :00002- 1 _ op 00002 
of O). 2-1 , 
16. (c) CT ee 
17. (b) Greater is the intermolecular force on mixing, more negative a dissoriano a 0.002 
will be the deviation p < p{x, + pgxp 34, (b) 
Experimental vapour pressure will be less than calculated 35. (c) Rate of zero order reaction is constant. 
vapour pressure. x ; 36. (b) 37. (b) (b) 
18. (c) Non-ideal solutions form iow or high boiling aia 39... (b) Number of ion per unit volume-decreases on dilution 
hence, maxima and minima in the curve are obtained. 40. (c) ° : ; 
19. (a) ars . etree At 
20. (©) Aj, NH,OH = A, NH,CI + A%, NaOH ~ A, NaCl ge AON AG «Nas Spine Map rares 
=1298 + 2174-1 ee ane 
abe ie 44. + (d) Hg,Ch —> Hg? si + 2¢r 
= 2383 ohm™ cm* mol” a 
; ‘ a = 2_ aes 
go Au - 933 _ aosois Ky =[He3" ler P ={8 12s P =48 
AG, 238.3 45. (b) Use the relation, 
% lonization = 3.92 , ky" 2) fae ee 
- logio - 
21. (c) KA, ) 2303R\T, Th 
22, (c) k =Ae™®a!®? When Tao, k=Ae°=A 
; When E, > E: 
23. (b) he We he eee: 
ge ky _ ks kok 
—_e > oe or ay aon 
Aad iy ke ° ; ky kj ky Ky 
Sn ae aes. i ae 
47, (c) 1,,; of first order reaction is constant (plot 1). 
4 = Dike 0.693 
3 Ni 


R 
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Rate of zero order reaction is constant (plot 2). 72. (b) b=4NV'=4N G ar?) 
: 3 


Rate =k [A] 
48. (c) 49. (c) 50. (d) V’ = volume occupied by single molecule. 
51. (c) Adiabatic expansion results into decrease in internal energy 73. (d) 
and temperature of system. ; 74. (b) N,05(g) + N,0,(g) + (4) 0,(g) 
52. (d) 53. (d) t=0 Po 0 oO : 
54, (c) Catalyst forms new intermediate of either low or high AvP Poll —x) Po* Pox !2 
activation energy. Papdene peel =a) (1+ *) 
55. (a) F 2 2 
56. (a) Either square planar or fpeahedeel geometry is possible. SECTION Ill . . 
a) meee) a ae om 75. (ac) 76. (bd) 77% (ab) 
61. (c) In emission spectra quantum of electromagnetic radiations 78. (a,d) Klreacts sith Hel, to form Nessler’s reagent. Number of 
are released. particles are lowered, 
62. . (a) 63. (d) ; 2KI + Hel, —> K,[Hgl,] 
64. (c) y-rays are evolved due to secondary effect of a, B emission. 79. (a,b,c) 80. (a, 4) 81. (a,b,c). 82. (bo) 
65. (a) 66. (d) - 67. * (b) 68. (dd) 83. (a, b) pene . ee Ya &y 
; ; Oe ahaa : -3 a, ae Lene ee ; or 
69. (a) Slowest step is L ats M: it will be rate determining. 84. (a,b,c) van’t Hoff factor will be same for the given electrolytes. 
70. (b) . 85. (a,b,c) 86. (a,b,d) 87. (b,c,d) 88 (a,b,c) 
71. (a) Hgl, + 2Ki———> K,[Hgl,] 89. (a,b,c,d) 90. (a,b) = 91. (a) 92. (a, b) 
_ Nessler’s reagent K[Hgl, ] is formed which lowers the 93. (a, b, d) 3 4. (d) 95. (ab. 96, 
overall number of particles in the solution. Thus, on mixing 97. (a,b,c) © 98... (a, bd). 99. (a,b,c) . 100. (b, c,d) 2 


the two components freezing point will be raised. 
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(Graphical Aptitude) 


1. Asample of 2 kg of helium (assumed ideal) is taken through the 4 
process ABC and another sample of 2 kg of the same gas is taken 
through the process ADC. Then the temperature of the states A 
and 2 are: (Given, R = 8.3 joules/mol K) 


B c 


Pressure —» 


as MOLI Se ne 

(a) 3A,%) ~~ (b) ORT, (c) 4.5RT, (d) 10.5RT, 

5. A thermodynamic system consists of a  cylinder-piston 

arrangement with ideal gas in it. It goes from the state / to the state 

: f as shown in the figure. The work done by the gas during the 
(a) T, =1205K,7, = 1205K : : process: : 

(by T, = 241K, Ty = 247K ~ 
(c) T, =1205K,7, = 241K 


f : ‘ Les 


i 


_ (d) 7, =241K,T, = 482K t 
2, An ideal diatomic gas is caused to. pass through a cycle shown on 
the P-V diagram in figure, where V, = 3.00/,. If A, V, and 7, g 
specify the state 1, then the temperature of the state 3 is: — 2 
(a) ,/3)'* - &) 7/3!" © 
(c) rie (d) cannot be determined 
Temperature ——> 
t (a) is zero (b) is negative 
© ies (c) is positive (d) nothing can be predicted 
3 = 6. A cyclic process ABCA is shown in a ¥ -T diagram. The 
5 5 corresponding P~—F diagram is: 


3. .A heat engine carries one mole of an ideal monoatomic gas 
around the cycle as shown in the figure. Process | —-> 2 takes place 
at constant volume, process 2 — 3 is adiabatic and process 3 —> | 
takes place at constant pressure. Then the amount of heat added in 
the process ] > 2 is: 


Pressure ——* 


Volume -—-> 
(a) 3740J (b) ~3740J  (c) 1810] (d) 3220J 


4. _Qne mole of an ideal monoatomic gas is caused to go through the Cc 
cycle shown in figure. Then the change in the internal energy in 4 
expanding the gas from ato c along the path abc is: (<) (d) 
: | B A A B 
7 > 
Vv Vv 
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7. The following are the P—V diagrams for cyclic processes for a 


gas. In which of these processes heat is not absorbed by the gas? 


of Tae Vi 


@)  &) 


esi iii ~ 
: Vv P 
Pa Va 
(cy (a) 
: V P 
§. The graph between P and }’-at-constant temperature should look 
like: sy ; 
Pa” P 


(a) (b) 
OF oO 
Pa Ps 
(c) “@ 
0 a 0 > 
: Vv =. - ‘¢ Vv 
9 InP-V diagram shown below: 
Pp A 
B Cc 
D 
i , E 
0-_—_— er 
Vv 


(a) AB represents adiabatic process 

(b) AB represents isothermal process 

(c) AB represents isobaric process — 

(d)’ AB represents isochoric process : 

10. The pressure-volume graph of an ideal gas cycle is shown below. 
The adiabatic process is described by: 
P 
| A 


(a) ABand BC (b) -AB and CD 
(c) AD and BC - (d) BC and CD . 

11. An ideal gas is taken around the cycle ABCA shown in P-V 
diagram. The net work done by the gas during the cycle is equal 
to: (BHU 190. 


(@) 12RY, (0) 6PM, () 3AM, (dd) BY, 
12. An ideal monoatomic gas is taken round the cycle ABCDA as 
shown in figuré. The work done during cycle is: ; 


gees 
2P,V " 2P, 2V 
RV POV 7 
re) : 
(a) PV - (b) 2PV (c) sev (d) zero 


13. Four curves A, B,C and D are drawn in figure for a given amount 
of gas. The curve which represents adiabatic and isothermal 
changes are: , 


Pa 


— v 
' (a) C and D respectively (b) D and C respectively 
(c) A and B respectively (d) Band A respectively 
i4. A given mass of gas expands from the state 4 to the state B by 
three paths 1, 2 and 3 as shown in the figure. If W,, W, and ¥, 
respectively be the work done by the gas along three paths then: 
(CPM 1962) 
P 


B 
0 | 


v 


(a) W,>W,>W, 
(c) W, =W,=W,; 


(b) 1, <W,<W, 
(d) HW, < Wy W, < W, 
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15. A thermodynamic process is shown in the following figure. The 
pressure and volumes corresponding to some points in the figure 
P, = 3x 10°Pa, ¥, = 2x10 ms; 
Py =8x10*Pa, Vp =5x10° m? 
P 
B Cc 


A BD 


In process AB, 600 J of heat is added to the system and in the 
process BC, 200 J of heat is added to the system. The change in 
internal energy of the system in the process AC would be: 
; (CBSE 1992) 
(ay 560J-) (bY BOOT (ec) OOOT «(dy f40J - 
16. In the pressure-volume diagram given below, the isochoric, 
isothermal, isobaric and isoentropic parts respectively are: 


Ph p B 


Cc 


yo D 
: SoM 
(a) BA, AD, DC,CB (b) DC, CB, BA, AD 
(c) AB, BC,CD, DA (d) CD, DA, AB, BC 
17. Heat energy absorbed by a system in going through a cyclic 
process shown in figure is: (AHMS 19985) 


V (in litres) 


Pika) 


(a) 10’n J, = (b) 10° Je) 10° J (d) 10 Pn J 


i8. The pressure-temperature (P—T ) phase diagram shown below | 


corresponds to the: [CEE (Haryana) 1996] 


(a) Curve of fusion of solids that expand on solidification 
(b) Curve of sublimation of solids that directly go over to the 
vapour phase 


(c) Curve of fusion of solids that contract on solidification 
(d) Curve of fusion of solids that do not change in volume upon 
solidification a 
19. Graph of specific heat at constant volume for a monoatomic gas 
is: . 
a 


3R 


20. 


D 


v 
Acyclic process ABCD is shown in the P—V diagram. Which of 
the following curves represents the same process? 


Pa Va 
A B D Cc 
@) oc OL 
D . A 
> ———— 
. T 7 
P Va 
| 
| B _ iA B 
() A (d) 
i) Cc D c 
; 


_ ad 


T T 


21. Asystem is taken from state A to B through three different paths 
1, 2 and 3. The work dofle is maximum in: (CPMT 1997) 


P 
Py |---- u B 
P; }--- ; 


' 
: : 
Vi Ve 
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(a) process 1 (b) process 2 
(c) process 3 (d) equal in all processes 

22. In the cyclic process shown on P= V. diagram, the magnitude of 
the work done is: 


v 
Vab~---1-s3 


(b) (42% 5 


OO EB= AM (a) (PY, on 


23. A eels process is shown in the P—T diagram: 
r 


K Cs 


Lrencesnammea+-incentinitnnitisereneessseesceeemeencsstssisiiintiiwmemeeneliiie  * 
o T 


Which of the curves shows the same process onaV ~—T diagram? - 


24. Heat is supplied to a certain homogeneous sample of matter, at a 
uniform rate. Its temperature is plottéd against time, as shown. 
_ Which of the following conclusions can be drawn? 


Temp. aa 


Time —> 


(a) Its specific heat capacity is greater i in the solid state than i in 
the le state. 


(b) Its specific heat capacity is ‘smaller in thé solid state than i in 
the liquid stat. 7 

(c) Its latent heat of vaporization is greater than its latent heat of 
fusion. 

(d) Its latent heat of vaporization is smaller than its latent heat of 

' fusion. 

25. An ideal gas is taken from the state 4 losis P, volume V.) to 
the state B (pressure P/2, volume 2V ) along a straight line pat! 
in the P-V dingre, Select the wrong statement from the 


following: : 
P 
Po x 
-.P 
' 
F 
P/2 
7 B ra. 
ve 2V Vo V 


(a) The work done by the gas in the process 4 to B exceeds the 
work that would be done by it if the system were taken from 
Ato B along the isotherm 

.(b) Inthe T — V diagram, the path AB becomes a part of parabola 

(c) In the P~T diagram, the path AB becomes a pee 
hyperbola 

(d) In going from A to B, the temperature T of the gas first , 
increases to.a maximum value and then decreases 

26. The radioactive nucleus of an element X decays to a stable 
nucleus of element Y. A graph of the rate of formation of Y against 
time would look like: 


yr . yn" 


(a) | (b) 


(c) 


1°) 


9o t 


27, In photoelectric effect the slope of straight line graph between 
stopping potential (V,) and frequency of incident light (v) gives: 


(a) charge on electron 


’ (b) work function of emitter 


28. 


295 


30. 


31. 
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(c) Planck’s constant . 2E. 
(d) ratio Of Planck’s constant to charge on electron 
The sloping potential as a function of frequency uf incident 
radiation is plotted for two different photoelectric surfaces A and 
B. The graphs show that the work function of A ts: 


4 : i . . 
A BO , ae Pe See 
(a) A/3 ss (b) 30/4 (ec) 40/3 (Ad) BA 


32. The maximum kinetic energy (Z,) of the photoelectron varies 
with frequency (v) of the incident light as shown by the curve: 


(a) greater than that of B 
(b) smaller than that of B 
(c} same as that of B 
_(d)-such-that no comparison can be done from given graphs 
Which of the following is the graph between the frequency (v) of 
the incident radiations and the stopping potential? (a) A (b) B (c) C (d) D 
33. The following graphs illustrate: 


~273°C . —»Temp.(°C) - ——» Temp.(K) 
(a) Dalton’s law. (b) Charles’ law 
(c) Boyle’s law (d) Gay-Lussac’s law 


34. In the following graph: 


——» ——> Vv 


‘Which of the following figures represents the variations of 
particle momentum and associated de Broglie wavelength? 


4 


_ Pressure —» 


“p oe . : 
0) , Poy Volume —+ 
; " (a) ‘A’ represents isochoric process . 


P 


(a) 


4 
(b} ‘B’ represents adiabatic process 
(c) ‘C* represents isothermal process 
as sk EES : . (d) ‘D’ represents isobaric process 
rn ry 35. The variation of A,,-of acetic acid with concentration is correctly 
L. __ Tepresented by: : 


e 
Nee 
UD 


P 
él 


An 
(b) nN 


v 


——> 


The given figure indicates the energy levels of a certain atom. 
When the system moves from 2£ level to E, a photon of 
wavelength A is emitted. The wavelength of photon produced ee Am 
during the transition from level 4£ /3 to level Z is: . (e) 4 : (d) 4 


988 | 


36. 


37, 


38. 


39, 


Distribution of fraction of molecules with velocity is represented 


‘in the figure. Velocity corresponding to X is: 


ee oat 


es 
3 g 
83 
6 ® 
are) 
w E| 
Velocity —> 
() ace -(b) jer (c) BRT (d) none of these 
TM 


eicoon is neutralized by NaOH. Conductometric titration 
curve will be of the type: 


iene 
_* 
co 
~— 
> 
Conductance 


(a) t 
| 
—> Vol. of NaOH —» Vol. of NaOH 
roby i} 
Q oO 
tt é = 
BS ee he Al 
QO u 
() 13 (a) *8 
Cc jd 
oO} oO 
oe as) 
— Vol. of NaQH —» Vol. of NaCH 


If for a given substance, Tz is the m.pt. and T, is the freezing 
point, then correct variation of entropy by graph between entropy 
change (AS) and temperature is: 


of 


AS 
ay 


Tp 
—> T ~ —> T 


Which of the following represents zero order reaction? 


Rate-> - 


Nieeicoss,, 
(a) g. (b) 
id 


_ > Conc. : ~~ Conc. 


Rate > 


hh 
@e - (d) 
ina 


—» (Conc.]? —» {Conc.}* 
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40. This graph represents: 


tie 
: —> Ife? 
(a) first order reaction (b) zero order reaction 
{c) second order reaction (d) third order reaction 


41. The efficiency of the reversible cycle shown in the given figure is: 


Temperature es 


500 4000 JK 
Eiony —> 


(a) 33.33% —— (b) 56% (c) 66% (d) 16.7% , 
[Hints Eficiency = ‘Area bounded by the curve 100} 

; Total area under the line BC 
42, Which of the following curves represents the chemical 


adsorption? 

@ : : 

n) | . 8) 

Temp: —+ 
d) ; ; 
x 
| A 
Temp. —» Temp. —»> 


43. Energy of electron varies with atomic number as the following 


eee 


z2—> 


curve/line: 


©) - - (d) 
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- 2 
' [Hint; £= -4 x136eV, Be 


; therefore, E will decrease 


exponentially with increase in Z*.] 

44. Aradioactive sample consists of two distinct species having equal 
number of atoms initially. The mean life of one of the species T 
and that of the other is $t. The decay products in both the cases 
are stable, A plot is made of total number of radioactive nuclei as 
the function of time. Which of the following figures best 
represents the form of this plot? : 


fa) He ety 


a a Cees { 
(c) 


[Hint: The activity will decay spontaneously with passage of time.] 
45, In following isothermal graphs A, B andC at temperatures 
T,,T, and T;; the correct order of temperatures will be: 


: —- Vv 
(a)T, > 1, >T; (b) T, > 73 > Ty 
(c)T; >T, >T, (d)7,>7,>T, | 

46. N>(g) + 3H,(g) = 2NH,(g);_ AH? =-22.4kJ mol": 
Percentage yield of the reaction against pressure is plotted at three 
-different temperatures 7,, 7, and T;, then: 


(ai, >f,>T, 
() T= =T; 


(b) T, > T, > T; 
(d} none of these * > 


% yield oh 


400 200 300 400 
———» Pressure (atm.) 


(Hint: Reaction is exothermic; hence, the reaction a wll shift i in” 
forward direction to.give better yield. ee es 


Ty >T2 >Ts 
WDebreasing yield af reaction 
47, From the given graph, 
predict the compound | 
which would be most 
easily purified by 
recrystallisation from 
- aqueous solution? 
(a) ZnS 
(b) CaCO, 
(c) CaF, 
(d) NaCl 


Solubility in water 
(g/100°C) 


Temperature ——»> 


_ 48. Which of the following curves represents the Henry’s law? 


log P —» 


(c) (d) -¢ 


logm —> 


log P —» | =e Bae 


l(c) 2) 3. (a) 4, (d) 


9. (c) 10. (d) “UL (©) 12. (c) 
17. (c) 18. (a) 19. (c) . 20. (2) 
25. (c) 26. (c) 27. (d) 28. (b) 
_ 33, (b) 34, (a,b. c. d) : 35. (c) 
40. (d) 41. (a) ' 42, (c) 43. (d) 


5. (a) 6. (a) 7. (d). 8. (a) 
13.0) 14, (b) 15, (b) 16. (d) 
21. (d) 22. (bd) 3) 
29. (c) 30. (d) 31.) . 32. (C) 
36. (a) 37. (a) 38. (a) 39. (a) 
44, (d) 45, (d) 4o. (b) 47. (d+) 


ed 


% 
a 
; 
i 
F 
; 


TEST OF MATCHING APTITUDE. 


- Match the List-I with List-Il and pick up the correct matching 
from the codes given below: 


List-I P List-II 
A. (=) =0 1. Isothermal 

av), . process 
B. W=-AE: 2..-nFE° 
Cc. Ak=0 : 3. Adiabatic reaction 
D. AG? . 4. van der Waals’ gas 
E (=) #0 5. Ideal 

OP }y » AGeal gas 
Codes: 


(a) A2 Bl C4 D5 E3 
(bt) A2 BS Cl D4 £3 
(©) A3 Bi C2 D5 £4 


_{d) A-5 | Bo .C-l . D2 E-3 


(e) A-S B-3 C-l D2 E4 
Match the Column-I with Column-II: 


Column-I Column-II 
(I). Ca 1. Unstable, o-emitter 
dD. “1 2. Unstable, B-emitter 
CD). al 3. Unstable, positron emitter 
(IV). 22 Th 4. Stable — 
Codes: — . 
(a) T-l II-2 Til-3 ' [V-4 
“(b) 1-4 II-3 I-2 IV-1 
(c) I-4 Il-2: Iil-3 IV-1 
(d) I-4 T-3 Iii-1 IV-2 


Match the List-I with List-II and select the correct answer using 
the options given below the lists: 


List-r -  List-II- 
(Electrochemical parapicier) - (Units) 

(1). Ionic mobility 1. cm? 
(I). Cell constant 2. ohm! cm”! 
(Ill). Specific conductance 3. ohm! cm? mol! 
(IV). Molar conductance 4. cm? V's? 
Codes: : 
(a) -4 I-1 IiI-2 IV-3 
&b) 2 - IL-3 - W-4 Iv-1 
(c) 13 I-l Iil-2 IV-4 
(dd Il. m2 -~ MIib3 Iv-4 


Match the Column-I with Column-II and select the correct 
answer using the sequences given below: 


Column-I Column-II 
(Compounds) (Oxidation state of nitrogen) 
A. NaN, Ll. 45 
B. NaH, | 
C. NH,OH 3. -1/3 
D. NO, 4. -2 


_ G.R.B. PHYSICAL CHEMISTRY FOR COMPETITIONS 


EST SERIES. 


Codes: 


A B Cc D 
(a) 3 4 2 1 
(b) 4 3 l 2 
() 3 4 1 2 
(d) 4 3 2 1 


Match the Column-I with Column-II and pick up the correct 
alternate: 

Column-l —. Column-Il. 
(I). For spontaneous_reaction . A. 2(BE),-2(BE)p 


(II). For endothermic reaction B. AH-= AE 

(III). .Bond dissociation energy C. AG =~ve 

(IV). For solids and liquids ina D. LHp > LHe 
thermochemical reaction 


Codes: : ; 

(a) I-C TA TED “vB 
(b) I-B I-D I-A Iv-c 

(c) I-C II-D II-B IV-A 

(d) I-C ll-D THA IV-B . 


Match the Column-I with Column-II and pick up the correct 
answer: 


Column-I Column-ll 

(D. Nickel ~ A. Conversion of alcohol to gasoline 
(I). ZSM-5 B. Alkylation of benzene 
dip. Sio, — C. Hydrogenation of oil , 

Codes: 

(a) I1-C ’ TRA: II-B 

(b) I-A II-B -C 

(c) I-C II-B T-A 

(da) I-B “T-cC . UI-B 


Match the List-I (enzymes) with List-II (metals) and select the 
correct answer using the codes given below the lists: 


List-I . List-Il 
A. Nitrogenase 1 Cu 
B. Cytochrome oxidase 2. Mo 
C. Cytochrome-C 3. Zn 
D.. Carboxypeptidase 4. Fe 
Codes: - 
A B Cc D 
(a) 1 2 4 3 
(b) 2 - 1 3 4 
(c) 2 1 4 3 
(d) 1 2 3 4 


Match the Column-I with Column-II and select the correct 
answer: ; 


Column-] Column-Il - 
(I). Curie A. 10° dis sec! 

(I). Rutherford B. 3.7 x10" dis sec”! 

(II). Becquerel Cc. 1 dis sec”! 


10. 


11.° 
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Codes: 12. Match the Column-X with Column-Y: 
(a) I-B ILA I-C * Column-X ~ Column-Y 
(b) I-B ec TW-A (Colloids) (Classification) 
(c) LA IL-B Wc _ @. Rain cloud‘ A. Sol 
(d) Le ILB I-A (ID). Milk of magnesia B. Aerosol 
(IID. Soap suds ‘Cc. Gel 
Match the List-I with List-II: : _(V). Butter “D: “Bosm 
List-I List-II : Cudes: 
(1). AH = Gp 1. AS" =0 © (Dp (III) (iv) 
(ID. Kirchhoff’s equation 2. State function (a): A B ; Cc D 
dip. H*(aq.) 3. Path function (b) A Cc B- D 
(IV). Spontaneous process 4. AG>0 (c) B > D Cc 
5. AS Tota >0 ‘ (dq) B A Cc D 
6, AH, - AH, = ae -T) 13. Match the List-I with List- II and select the correct answer from 
Codex ; given codes: 
-D (il): CID ay); - List-l Spectoniny. List-Il (Region) | 8b tes 
siskaye Shee 2S: 2 Hege Se Fk 5 A. Lyman | . 1. Ultraviolet ——_ 
(b) 5 4: 3 6 - B. Paschen 2. Visible 
(c) 2 6 1 5 “C. Balmer 3. Near infrared 
(d) 6 2 5 1 D. Pfund 4. Far infrared 
Match the List-I with List-II: Codes: . 
az k ListI 2. List-If A a) Cc D ——— 
(I). Mixing of two ideal gases 1. AG,;, =0 (a) 1 3 2 4 
(II). Criterion for irreversibility 2. 1/P (b) 1° Be: 3 4 
(II). Isobaric thermal coefficient 3. 1/T -(c) 4 3 o2 1 
of an ideal gas- : _@il 3 4 3 
(IV). Joule-Thomson effect 4. AS tera > 0 . 14. Match the List-I with List-II and select the correct answer: 
5. ° AGmix <0 List-I List-II 
; 6. AH=0 A. Critical temperature “1. afRb. > 
Codes: B. Boyle temperature 2. 2a/ Rb 
(1) (ID) ~ (ID) (IV) C. Inversion temperature Sef 1, 
(a) 1 2 4 5 D. Reduced temperature. 4. 8a/27Rb 
(b) 5 4 3 6 Codes: 
(c) 2° 6 1 5 A. B C ‘D 
(d) 6 “a5 5 1 (a) 4 1 2 - 3. 
Match the List-I with List-I: 00)-2 i. = 3 
List-I  List-Il one 3 2 i 
(I). Translational kinetic energy 1. = P @ 2 3 1 4 
: ; 2 15. Match ihe List-I, List- I and List-III and select the answer from 
(I). Rotational kinetic energy 2. 15/13 the given codes: 
of CO, List-I List-Il List-Ill 
(1). Translational kinetic 3. 5 (Order) (Unit of rate (Relation between. 
energy per unit volume . : constant) é half life and initial 
(IV). y for.CO, at very high 4. Function of T only eee ee eer concentration) 
temperature \.. Zero G@) L* mol™ s A. ty. = Constant 
. 5. RT B. First (ii) Lmol™! s 2. tye me 
3 : : a 
oar C- Second (ii) s™! 3. typ a 
Codes: D. Third (iv) molL“'s"! 4. i “5 
) (ip mei) (Iv) : ‘a 
ae 3 5 \ yee = é : D 
(b) 4 5 1 2 (a) i2 ii-4 i390 iv 
(c) 5 6 2 3 (b) i-4 | iv-3 ii-? iii-! 
(d) 6 I 3 4 (c) iv-3 iii] ii-2 i-4 
(d) ii-2 i-] tii-3 ‘iv 4. 
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16. 
- solutions) and select the correct answer using the codes given 


17. 


18. 


Dee TT RR NSCS 
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Match the List-I (solutions of salts) with List-II (pH of the 


below the lists: - Es 
List-II 


List-I 

A. Weak acid and strong base 1. ¥ pK,, 
B. Strong acid and weak base 2. [pK,, — pK, + pK,] 
C. Weak acid and weak base 3. Y[pK,, - pK, — loge] 
D. Strong acid and stfong base 4. [pK,. + pK, + loge] 
Codes: — 

A B Cc D 
(a) 4 3 2 1 
(b) 1 7 a 3 4 
(c) 2 > 3 4 1 
(dj 3: a 54 > Poe 4 
Match the List-I with List-II and choose the correct answer from 
the-codes: -.---...50 |. : ner 

: Electrolyte) (Solubility product) 
A. Bi,S; 1, 4s? 
B. ‘ Al(OH), 2, 2754 
C. CdS 3. 108s° 
D. CaF, 4, s* 
Codes: ~ - 

A B. Cc D 
(@) 1 2 3 4 
(b) 2 3 1 4 
(c) 4 4 3 2. 1 
(d) 3 2 4 1 


Match the following combinations of electrical units with their 
terms as single unit: 


Electrical unit _ Single unit: ; 
(I). ampere-second "A. coulomb 
(II). volt-ampere B. ohm . 
"..” (ID. volt-ampere™ "©. ampere 
(IV). watt/ampere ohm ‘D. watt 
(V). joule /ampere second E. volt 
Codes: £5 2% 
; A B Cc D _—E 
(a) I. Il. IV I Vv 
(b) I ei Ill IV Vv. 
(c) Vv: IV Ul I I 
“@il Vv IV I Ill 


19. 


Match. the List-I with List-I] and select the correct answer from, 


the given codes: 


List-E List- 
: (Fhermedynamic properties) (Relation) 
A. Free energy change of a l. -RT log K 
-. reaction (AG) : 
B. Standard enthalpy change 2. RT 2 aa) 
- (AH® ofa reaction . 
C. Standard entropy change (AS°) 3. -nFE 
; : d AG 
D. Standard free energy change 4, - (ee) 
(AG°) P 


20. 


21. 


” 22. 


23. 


(c) Ge doped with Ga 


Codes:. . 
A B Cc. D 
{a) 3° 2 4 1 
(b) 1 2 3 4 
(c) 4 Oe 2 1 
(d) 2 3. 1 4 
Match the List-I, List-II and List-III: / 
List-I_ List- , List-I 
A. AG >0O X. AS >0 1. Non-spontaneous 
B. AG <0 Y. AS <0 2. Spontaneous 
C. AG=0 Z. AS =0 3. Equilibrium 
' Select the correct answer from the following codes: 
A B Cc 
~@ YY (%2) (Z, 3) 
(b) (X, 2) (Y, 3) ‘(Z, 1) 
(G3 YD: (2,2) 
(d)-C¥, Bp = KB) Z,- 2) 
Match the Column-I with Column-II: ° 
Column-1 * Column-lt 


(a) Spontaneous process (p) AH =—-ve 


(b) Heat flow from high temperature. (q) AG =+ ve 
of system towards. low : 
temperature of surroundings: ~ -——- 

(c) Exergonic process (1) AS toi = + VE 


_(d)- Increase in the randomness of (s) AG =-ve 
system by heating 
@ © C) ® © 
0) ®  @ ® om 
©? -® = @ © © 
(d) ® @ ® © 
Match the items of Column-I with the items of Column-II: 
Column-I Column-I 
(Metal) (Packing/coordination number) 
{a) Na (p) cep 
(b) Cu (q) bee 
(c) Au (r) 12 
(d) K (s) 8 


_ Match the Column-! with Column-II and Column-III: 
1 = Edge length of unit cell; : 
r = Radius of spherical constituent unit 


Cofamn-L Cotumn-Jk Column-til 
(a) Simple cubic —_(p) 13 = ar (a) 74% occupied 
unit cell _ space 
(b) Face-centred (q) /=2r (Vv) 67.98% 
cubic unit cell i occupied space: 
(c) Body-centred (w) 52.33% 


@) 2 =4r 


cubic unit cell | 
Match the List-I with List-II: 


occupied space _ 


List List-HI 
(a) Silicon doped with (p) Acceptor level above 
phosphorus valence bond 


b) Metal excess he semiconductor ° 
- non-stoichiometry in NaCl aire 
(r) Donor level just-below the 
i conduction band: 
(d) Anion vacancy with (s) F-centre — ; 
trapped electron 
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25, Match the solids in List-I with their properties in List-II: 29. Match the temperature in List-I with its value in List-II: 
List-I List-ll eee  ListE List-I1 
(a) MnO (p) Ferromagnetic solid : (a) Critical temperature (p) a/Rb 
(b) ZnO (q) Antiferromagnetic solid (b) Boyle’s temperature (q) 6 
(c) CrO, (r) Zero magnetic moment (c) 1/2 [Inversion temperature] (x) T/T, 
(d) TiO (s) Attracted in magnetic field’ (d) Reduced temperature (s) 8a/27Rb 
26. Match the List-I with List-II: 30. Match the items of Column-I with its proportional term in the 
List-I List-II items of Column-II: 
(a) The highest temperature at (p) Vreal_ : Column-I Column-It 
which liquid CO, exists Videal (a) Kinetic energy ' - (p) Mole fraction 
(b) 8a/27Rb (q) Critical temperature {b) Partial pressure of agas —_(q) Density 
(c) Compressibility factor (r) Ideal gas (c) Rate of diffusion (t) Molar mass 
Z =3/8 at ; (d) Vapour pressure of a liquid (s) Absolute temperature 
(d) Compressibility factor (s) 30,98°C 31. Match the List-I with List-I] and List-III: 
ere Z List List-ll orien 
Teel ee NO OE Seba 
 """Colunnd ~ Column-lt _ (a) Rock salt (p) Face-centred  (w) 6 
(a) SATE’ (p) 1 bar/1 atm cubic, anion in 
(b) Temperature in STP > (q) 99.6°C eeabeea 
(6) Pressure in NTP @) 273.15 K ee ae oo 
(d) Standard boiling point of (s) 298.15 K _ éctahedral Youd tier 
nlite na Sanh eas () Agl, ZnS (r) Face-centred —(y) Cation (4), 
SATP —— Standard ambient temperature and pressure cubic, cation in anion (8) 
STP ——> Standard temperature and pressure alternate 
NTP —— Normal temperature and pressure tetrahedral void 
28. Match the quantities in Column-I with their units in Column-I: (d) Na,O (s) Face-centred (z) Cation (4), 
Column-1 Column-Il cubic, cation in anion (4) 
(a) Coefficient of viscosity (p) L mol”! tetrahedral void 
(b) van der Waals’ constant ‘b’ (q) Ns m” 
(c) Molar volume of gas at STP = 22.4...(r) Pas 
(d) van der Waals’ constant ‘a (s) L? atm mol”? 


1. (e) 2. (c) 3. (a) ‘4, -(a). 5. (d) 6. (a) 7. (b) 8. (a) 
9, (c) 10. (b) 11. (d) 12. (c) 13. (a) 14. (a) 15. (c) 16. (a) 
17. (4) 18. (a) 19. €@) 20. (a) 21. (a-1,8) (b-p,1,s) (¢-q) (d-q,1) 

22. (a-q,s) (b-p,1) (c-p,r) (d-q,s) 23. (a-q-w) (b-1-u) (c-p-v) i 

24. (a-q,r) (b-s) (c-p) (d-s) 25. (a-q,r) (b-r) (c-p,s) (d-s) 26. (a-q,8) (b-q) (c-p.q) (d-r) 27, (a-p,s) (b-r) (c-p) (d-q) 
28. (a-q,r) (b-p) (c-p) (d-s) -—29. (a-s) (b-p) (c-p) (d-q,r) 30. (a-s) (b-p,s) (-q,r) (d-p.s) 


31.0 {a-q-w) (b-p-x) (c-1-z) (d-s-y) 
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TEST OF REASONING APTITUDE === 
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TEST SERIES IV 


REASON AND ASSERTION 
(For llIT & AIIMS Aspirants) 


In each of the following questions, a statement of Assertion (A) is 
given followed by corresponding statement of Reason (R) just below it. 
Mark the correct answer as: 


(a) 


Both (R) and (A) are true and reason is the correct explanation 
of assertion, 


Both (R) and (A) are true but reason is not correct explanation 


. .Of assertion. 


Assertion (A) is true are reason. R)i 18, false 
Assertion (A) and reason (R) both are false. 
Assertion (A) is false but reason (R) is true. 


(A) CH, and CO, have the value of Z (compressibility factor) 
less than one. 

(R) Z <1is due to repulsive forces among the molecules. 

(A) More is the value of van der Waals’ constant ‘a’, greater is 
the tendency of liquefaction. 


- (R) ‘a’ measures the magnitude of force of attraction among the 


molecules. 

(A) Crystalline solids are anisotropic. 

(R)- Crystalline solids are not as closely packed as amorphous 
solids. 

(A) Antiferromagnetic 
moment. : 

(R) MnO is an antiferromagnetic substance. 

(A) Isotonic solutions do not show osmosis. 

(R) Isotonic solutions have equal osmotic pressure. 

(A) In a gaseous reaction, K, is unitless when An = 0. 

(R) Unit of K, =(mol Lt). 

(A) Strength of acidic character of oxyacids lies in the following 
sequence: 


substances possess zero magnetic 


HCIO, > HBrO, > HIO, 
(R) Greater is the oxidation state of a halogen, more is the acidic 
character of its oxyacid. 
(A) The molecularity of the following reaction is 2 
H, + Br, ——> 2HBr 
(R) The order of reaction is 3/2. 


9. 


10. 


ll: 


12. 


13. 


14. 


(A) Half-life of a first order reaction is independent of the initial 
concentration of reactant. 


(R) ty2 (first order) = —— 


where, t = average life. 
(A) For the reaction, 
2NH;(g) —— N,(g) + 3H2(g) 
AH > AU. 
(R) The enthalpy change is always greater than internal energy 
change. 


CA) 20N1 -and 22.N are isotones. ie al 
(R) Noble gases do not exist:as isotopes as they are not reactive" 


(A) 3d 2 orbital is spherically symmetrical. 
(R) 3d_2 orbital is the only d-orbital which is spherical in shape. 


(A) The kinetic energy of the photoelectron ejected increases 
with increase in intensity of incident radiation. 

{R) Increase in intensity of incident light increases the rate of 
emission. 

(A) "Be + e&° —> '3Cs + X-ray 


a is a process of ates capture. 

(R) The atomic number decreases by one unit as a result of 
K-capture. 

(A) Vapour pressure is a coiligative property. 

(R) Colligative property depends on the number of solute parti- 
cles dissolved in the solution. 

(A) Entropy decreases when an egg is boiled. 

(R) It is solidified due to denaturation of albumin. 

(A) 1 faraday = 96,500 coulomb. 
It is a charge of 1 mole. electrons. 

(R) 1 faraday charge liberates one gram equivalent of substance 
at an electrode. 

(A) The electrical resistance of a column of 0.05 M@ NaOH solu- 
tion of diameter 1 cm and length 50 cm is 5.55 x 10° ohm. 

(R) Its resistivity is equal to 76.234 ohm-cm. 

(A) If water is heated to 350 K, then pOH will increase to 8. 

(R) K,, increases with increase in temperature. 

(A) Magnetic quantum number can have the value, ... ,(2-1). 

(R) Magnetic quantum number specifies the number of orbitals. 
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